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GLOSSARY OF ACRONYMS 

Acronym Definition 

ABM Aquaculture Biomass Monitor 

AMS Aquaculture Management System 

CFC Closed Fish Cage 

Chl a Chlorophyll a 

CTD Conductivity, Temperature and Depth 

DO Dissolved Oxygen 

FCR Feed Conversion Ratio 

HABs Harmful Algal Blooms 

IoA Institute of Aquaculture 

NH4  Ammonium 

ORP Oxidation Reduction Potential 

PFF  Precision Fish Farming 

PLC Programming Logic Controller 

PSF  Precision Shellfish Farming 

RAS  Recirculating Aquaculture Systems 

SGR Specific Growth Rate 

SRP  Soluble Reactive Phosphorus 

SST Sea Surface Temperature 

TSS  Total Suspended Solids 
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1. Introduction 

Green Aquaculture Intensification in Europe (GAIN) (www.unive.it/gainh2020_eu) is a 
project financed by the European Union under the Horizon2020 framework. The project is 
run by a consortium of 20 partners from a variety of professional backgrounds, spanning 
across 11 different countries, including Canada and China. The global scope of the 
consortium is enhanced by the involvement of a US national organization (NOAA) as a third 
party member. The composition of GAIN Consortium and the project structure are given in 
Annex 1. D!LbΩǎ ǇǊƛƳŀǊȅ ŀƛƳ ƛǎ ǘƻ ŀǎǎƛǎǘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴ ƻŦ ŀǉǳŀŎǳƭǘǳǊŜ ƛƴ ǘƘŜ 
European Union (EU) and the European Economic Area (EEA), with the dual objectives of 
increasing production and competitiveness of the industry, while ensuring sustainability and 
compliance with EU regulations on food safety and environment. 
 Across the GAIN consortium and elsewhere various approaches have developed to 
instrument shellfish aquaculture sites, land-based finfish and offshore caged fish farms to 
obtain high temporal resolution, near real time data.  This has developed across a range of 
drivers, for optimising productivity and for environmental monitoring. In GAIN WP1, Task 
1.3, a survey of the state-of-the-art in commercial or close-to-market sensors which could 
provide ǊŜŀƭπǘƛƳŜ ƻōǎŜǊǾŀǘƛƻƴs was carried out. Based on that, a plan for installing sensors at 
ten pilot sites was designed and carried out.  
 This deliverable describes the results achieved during the first 9 months in Task 1.3, 
which main goal was to design and install cost-effective monitoring systems at GAIN pilot 
sites, based on state-of-the-art sensors, with the ability to observe a set of relevant 
environmental variables and fish/shellfish bio-responses, i.e. animal variables, whenever 
possible in real time. Data collected by GAIN sensors will be complemented by the 
observation capacity already available at sites and by data available on public portals (e.g. 
remotely sensed data and data from operational oceanography freely downloadable from 
Copernicus Marine Environment Monitoring Service). Forthcoming Task 1.3 activities will be 
aimed at checking the quality of collected data and transferring them to Task 1.4 and Task 
1.5: the comprehensive data sets concerning GAIN pilot sites will support the modelling 
activities aimed at implementing the emerging framework of Precision Fish/Shellfish 
Farming, as described in Section 2, which will be carried out in Task 1.4 and 1.5. 
 Data sets will be used to produce predictive models and, ultimately, software that is 
able to convert raw data into formats that are readily interpretable and meet stakeholder 
requirements, thus supporting decision-making on fish/shellfish farms. Furthermore, the 
results to be obtained in Task 1.3-1.5 will be used for developing "best practice guƛŘŜƭƛƴŜǎέ 
for data collection, quality assessment and management across the range of aquaculture 
typologies and species investigated in the ten pilot cases described in section 3. Concluding 
remarks are given in Section 4. 

 
 
  

http://www.unive.it/gainh2020_eu
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2. Methodology  

"Precision agriculture", introduced in the early 1990s, and "Precision Livestock Farming", 
introduced in early 2000, approaches are being rapidly implemented in the agrifood sector, 
due to three concurrent factors (Banhazi et al., 2012):  
1) the development of sensors which can provide, at an affordable cost, large data sets, 
often in real time, concerning both environmental variables and crops and livestock bio-
responses; 
2) the decrease in computational costs and the development of AI algorithms and data 
driven model for extracting useful information from "Big Data" sets. 
3) the development of "smart" management systems, based on IoT, Internet of Things. 
 Innovations and decrease in costs of sensors are now making possible to transfer 
these approaches to aquaculture, within the framework of "Precision Fish Farming" (PFF) 
(Fore et. al., 2018), which in GAIN will be extended to "Precision Shellfish Farming" (PSF). 
 According to (Fore et. al., 2018), PFF aims at improving accuracy, precision and 
repeatability in farming operations by providing reliable decision support to farmers, thus 
reducing subjective assessments. These goals are achieved by complementing decision 
making based on qualitative information collected by operators with decision support tools 
based on the processing of quantitative data provided by sensors. The management of an 
aquafarm can be viewed as the result of a cyclical set of operations, which can be divided 
into four phases: 
1) Observe: Observation of bio-responses of farmed animals; 
2) Interpret: Interpretation of the observations; 
3) Decide: Decision making; 
4) Act: Implementation of decisions, which should lead to an improvement in bio-responses. 
 In many aquaculture sectors, this sequence is mainly driven by the expert judgement 
of operators and actions are implemented manually. More mature sectors, i.e. Atlantic 
salmon farming in the EU and Canada, seabass and seabream farming in the Mediterranean 
region, are already switching to management systems in which the expert judgement is 
supported by software, e.g. Aqvaconnect, FishTalk. Based on input data concerning 
environmental variables, (e.g. water temperature), and bio-responses, (e.g. estimates of 
biomass/fish size distribution), these tools provides estimates of daily feed ration.  However, 
biomass/fish size distribution are still obtained from small samples of a cage population, e.g. 
about 100 specimen out of a 1-3 hundred thousands, and, on average, a monthly sampling 
frequency or lower. As s result, the uncertainty in the assessment of feed ration can still be 
rather high, leading to: i) economic losses and unnecessary environmental pollution in case 
of over-estimation, ii) poorer growth performances in case of under-estimation.  
 In the case of land-based aquaculture systems such as RAS and raceways farms, one 
can measure and control some environmental variables, (e.g. Dissolved Oxygen). An 
approach based on the quantitative processing of environmental data and bio-responses 
makes it possible to optimise the feeding, oxygen supply, water temperature of farms. 
Intensive and semi-intensive aquaculture in ponds is a relevant sector in Central Europe and 
a major one in China. These systems offer large possibilities for optimization of feeding and 
co-culture, based on the analysis and forecasting of fish growth on the basis of predictive 
ecosystem modelling. 
 As regards shellfish, site selection and planning of husbandry operation (e.g. mussel 
re-socking in longline farms), are key to the success of the industry. Growth performance 
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and to an extent disease management depends on environmental variables, which are 
seldom monitored on site by farmers. 
 GAIN ambition is to contribute to the implementation of PFF/PSF across the systems 
mentioned above, collecting data from ten pilot sites and processing them using state-of-
the-art mechanistic models, including data assimilation algorithms, and data driven models. 
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3. Description of pilot sites instrumentation 

AFBI liaised with other Task 1.3 partners to ensure appropriate technology transfer and skills 
to ensure compatibility of systems and data management.  GAIN pilot sites are listed below 
(Table 3.1). According to the methodological approach outlined in section 2, a variety of 
state-of-the art sensors were deployed on ten pilot sites, in order to detect both 
environmental and animal variables, whenever possible in real time. GAIN pilot sites cover 
the main aquaculture typologies, i.e. shellfish culture (oysters and mussels), marine finfish 
cages (Atlantic salmon, seabass), land based raceway (rainbow trout), RAS (common carp) 
and pond systems (common carp and shrimp)  In the following subsections, shellfish sites are 
presented first in section 3.1, followed by sea cages, section 3.2, and land based systems 
section 3.3. 
 Each pilot description includes two Tables, summarizing, respectively, the main 
features of each site, and the instrumentation deployed. In the second Table, the 
terminology introduced in (Fore et al., 2018) is used, designating bio-responses of 
fish/shellfish as "animal variables". Modelling activities in Task 1.4 and 1.5 aim at quantifying 
relationships between environmental variables and animal variables, or specific functions of 
animal variables which are interesting for farmers, e.g. SGR, FCR, etc., which are called 
"target variables". 
 
Table 3.1 - Summary of Pilot Sites 

Pilot Site Country Species Type of 
Aquaculture 

Partner 

1) Dundrum Bay  
 

Northern 
Ireland - UK  

Oysters (Magellana 
gigas) 

Shellfish 
Aquaculture 

AFBI 

2) Belfast Lough Northern 
Ireland - UK 

Mussels (Mytilus 
edulis) 

Shellfish 
Aquaculture 

AFBI 

3) Sagres Portugal Mussels (Mytilus 
galloprovincialis) 

Shellfish 
Aquaculture 

SGM 

4) Rossøya Nord Norway Salmon (Salmo 
salar) 

Sea cages GIFAS 

5) Carness Bay Scotland Salmon (Salmo 
salar) 

Sea cages UoS 

сύ aŎbǳǘǘΩǎ LǎƭŀƴŘΣ {ƘŜƭōǳǊƴŜ Canada Salmon (Salmo 
salar) 

Sea cages DAL 

7) El Gorguel, Cartagena Spain Seabass 
(Dicentrarchus 
labrax) 
 

Sea cages LEBCH 

8) Preore, Troticoltura 
Leonardi 

Italy Rainbow trout 
(Oncorhyncus 
mykiss) 

Land-based 
raceways 

UNIVE 

9) FES NOWE Czarnowo Poland Carp (Cyprinius 
carp) 

Land-based 
RAS/pond 

ZUT 

10) Fenzhou Village China Shrimp  
(Litopenaeus 
vannmei, 
Macrobrachium 
roserbergii) 

Land-based pond  SCSFRI 
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3.1 Shellfish Aquaculture Pilot sites  

Three shellfish sites are considered in the GAIN project. Two sites are located in Northern 
Ireland (UK), where oysters are cultivated in intertidal trestles and blue mussel bottom 
culture is practised. The third site is an off-shore mussel farm located in Portugal. 
 

3.1.1 Site 1. Dundrum bay ς Northern Ireland 
Authors: Heather Moore, Matthew Service 
 
AFBI have maintained an Inshore Moored Instrument Network (Figure 1) in Northern 
LǊŜƭŀƴŘΩǎ Ŏƻŀǎǘal waters for around 20 years. Moored instrument sites are located on or 
adjacent to some of the main shellfish growing areas. It is anticipated this will provide the 
core platform for setting reference conditions and will host the additional data flow from 
directly instrumented aquaculture sites. The per annum network typically provides: 
Å 259,588  multi-parameter records ς each record typically generating around 7 

parameters (estimate >2 million data points); 
Å Selected sites measure at 2 depths where stratification exists; 
Å Typically recording 20 minute interval ς data telemetered in near-real time and is 

subject to 41 individual service and maintenance events. 

 
Figure 1. !C.LΩǎ LƴǎƘƻǊŜ aƻƻǊŜŘ LƴǎǘǊǳƳŜƴǘ bŜǘǿƻǊƪ 

 
 

The first pilot aquaculture site instrumented by AFBI in the framework of the GAIN project is 
situated in Inner Dundrum Bay (Figure 2), a small, largely intertidal inlet on the east coast of 
Northern Ireland connected to the Irish Sea by a narrow channel. The main focus of 
aquaculture production at this site is for Pacific oysters (Magallana gigas) grown on 
intertidal trestles (Figure 2, Table 3.2).  
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Table 3.2 - Description of Inner Dundrum Bay Oyster aquaculture site 

Site Dundrum Bay 

Location 54.3 N 5.84 W 

Size and layout 16 hectare  
Depth: intertidal +/- 5m  

Species M. gigas 

Culture system Intertidal trestles 

Farming practice  Seeding, from hatchery: 
Seed size: 30-50 g 

Harvest Expected harvest after 18 to 30 months 
Standard harvest weight: 70-80 g  

Mortality Oyster mortality (%(): <10% 

 

 
Figure 2. Map showing the location of Inner Dundrum Bay 
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Figure 3. Oyster trestles in Inner Dundrum Bay 

 
Instrumentation and Data Collection 
The Inner Dundrum Bay catchment is the subject of a long term monitoring campaign by 

AFBI, both in relation to fresh water loading and inputs from adjacent coastal waters. 

Instrumentation of the site in Inner Dundrum Bay is summarised in Table 3.3. The system will 
allow for the establishment of a permanent moored installation adjacent to the oyster 
trestles carrying CTD, Turbidity (FTU), chlorophyll A, Dissolved oxygen and Tryptophan 
(bacterial) sensors. These will be incorporated into the existing network. This will be installed 
by the 30th of April 2019. AFBI have identified a low-cost solution to instrument the 
intertidal trestles and aim to install three temperature sensors across the oyster farm with 
long range Wi-Fi to a base-station, which will relay to the AFBI network. 
 Currently Oyster growth and quality are monitored monthly by AFBI. Development of 
simple but robust in-field growth measurements is being trialled during GAIN by AFBI staff, 
with the intention to transfer skills to the producer. This trial will provide bi-weekly growth 
data. 
 
Table 3.3 - Environmental and animal variables sample "in situ" at Dundrum pilot site. 

Environmental 
variables 

Sampling frequency Biological variables Sampling frequency 

Chlorophyll a 1/15 mins Wet weight 1/2 weeks 

Dissolved oxygen 1/15 mins Length/height 1/2 weeks 

Salinity 1/15 mins Dry weight 1/month 

Temperature 1/15 mins Toxic algae 1/month 

Turbidity 1/15 mins   

Tryptophan 1715 mins   

 
Reporting 
AFBI is responsible to ensure that all the instruments are maintained in working condition 
and that the data is transferred to the GAIN hub.  The environmental sensors will all be 
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connected to the Internet and will regularly transmit data to a storage Cloud. The project 
partners will be provided with the necessary passwords such that they can access and 
download the data at their own convenience. Shellfish growth data will be collected in a 
monthly report. The monthly report will be sent to the project leader and partners within a 
week from the end of each month. 
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3.1.2 Site 2. Belfast Lough ς Northern Ireland 
Authors: Heather Moore, Matthew Service 
 
The second pilot site instrumented by AFBI is Belfast Lough, the majority of bottom 
cultivation for mussels in Northern Ireland occurs on licensed sites in this lough. Seed 
mussels are dredged from offshore seed mussel beds and relayed on the licensed 
aquaculture sites in Belfast Lough (Figure 4, Table 3.4) for on-growing to harvestable size. 
Producers in Belfast Lough have been approached to participate in this project. 
 
Table 3.4 - Description of Belfast Lough mussel farming site 

Site Belfast Lough 

Location 54°41'27.2"N 5°47'07.1"W 

Size and layout 952 hectare 
Depth: 5m 

Species M. edulis 

Culture system Bottom culture 

Farming practice  Seed, wild seed: 20-30mm 
Seed size: 250 units/kg. 

Harvest Expected harvest after 18 - 24 months (e.g. M3-M4)  
Standard harvest weight: 80 units/Kg 

Mortality Average rate 10-50%  any specific cause predation poor seed handling 

 

 
Figure 4. Location of sites for bottom cultivation of mussels in Belfast Lough 

 
Instrumentation and Data Collection 
The pilot site in Belfast Lough is entirely sub-tidal, the bottom cultivated mussel beds are 
maintained (mopped to remove predators, thinned, moved as required for on-growing) and 
harvested using a dredge.  
Installing water quality monitoring directly on mussel plots will be challenging and initially an 
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existing AFBI Platform situated adjacent to the mussel plots will used to provided reference 
data. Technologies to be investigated will include; remote sensing, trawl safe moorings and 
short term moorings. Currently this location is subject to a high intensity field campaign to 
improve the management of waste water treatment plants which will provide additional 
instrumentation in the catchment. Focus here will be on turbidity, DO and particulate 
organic matter, key determinants impacting mussel growth and quality.  
 Mussel growth and quality is monitored monthly by AFBI, with length, width, height, 
total wet weight, wet flesh, dry flesh and shell weight recorded. Development of a simple 
but robust in-field growth monitoring system has been discussed with growers and pieces 
per kilo will be recorded during their routine site inspections, bi-weekly data should be 
recorded.  
 

Table 3.5 - Environmental and animal variables sampled in situ at Belfast Lough Pilot site. 

Environmental 
variables 

Sampling frequency Biological variables Sampling frequency 

Chlorophyll a 1/15 mins Wet weight 1/2 weeks 

Dissolved oxygen 1/15 mins Length/height To be decided 

salinity 1/15 mins Dry weight 1/month 

temperature 1/15 mins Toxic algae 1/month 

Turbidity 1/15 mins Algal Toxins 1/2 weeks 

Tryptophan 1/15 mins Chlorophyll a 1/2 weeks 

NO3-N/NH3-N/SRP-
P/SiO2 

1/2 weeks   

POM 1/2 weeks   

SS 1/2 weeks   

 
 
Reporting 
AFBI is responsible to ensure that all the instruments are maintained in working condition 
and that the data is transferred to the GAIN hub.  The environmental sensors will all be 
connected to the Internet and will regularly transmit data to a storage Cloud. The project 
partners will be provided with the necessary passwords such that they can access and 
download the data at their own convenience. Mussel growth data will be collected in a 
monthly report. The monthly report will be sent to the partners within a week from the end 
of each month. 
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3.1.3 Site 3. Sagres ς SW of Portugal 
Authors: John David Icely  
 
The Sagres pilot site is located in the Finisterra Lda offshore concessions on the Algarve 
coast, SW Portugal, see Figure 5. These concessions are located east from the Sagres 
harbour and have been issued only for bivalve aquaculture. The production is using longline 
cultivation of Mytilus galloprovincialis. Figures 6 and 7 show deployment of mussel seed 
along a longline and Table 3.6  summarises information about the Finisterra concessions. 

 

 
 

 
Figure 6. Detail of socking mussels. Portugal ©Gary Littler 

 
 
 

Figure 5. Geographic location of Finisterra offshore longline aquaculture in Sagres at the Southwest coast of 
Portugal (ESA - Sentinel-2 satellite image) 
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Figure 7. Detail of socking and hanging mussels. Portugal ©Gary Littler 

 
 
Table 3.6 - Description of Sagres mussel aquaculture site 

Site Sagres 

Location 37° 1' N, 8° 53' W 

Size and layout 3 current concessions (420m x 420m) with a further concession of 420 x 420m 
planned for the future. 
Depth: 17-36m 

Culture system Longline culture. 

Farming practice  Seeding: Nov-Feb 
Seed size: 3-5gr (200-300 units/kg), 2-4kg linear metre. 

Harvest Expected harvest after 7 to 9 months (e.g. Jun-Sept)  
Standard harvest weight: 33-40gr (25-30units/Kg) dependent on the market 
Condition index: 16-22% cooked meat method 

Mortality Mussel mortality considered negligible.  
Mortality by fish grazing very important, with a requirement for anti-grazing 
nets. 

 
 
Instrumentation and data collection  
The observation capacity at the Sagres site is summarised in Table 3.7, which presents the 
set of environmental (with sensors) and animal variables which will be collected during the 
GAIN project and processed in Task 1.4 and 1.5. 
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Table 3.7 - Environmental and animal variables sampled "in situ" at Sagres pilot site. 

Environmental 
variables  

Frequency Animal variables Frequency 

SST 1/30 minute Total length 1/month 

Salinity 1/30 minute Width 1/month 

Dissolved Oxygen 1/30 minute  Wet weight 1/month 

Chlorophyll 
(Fluorescence 
probe) 

1/30 min  Mortality 1/month 

Chlorophyll 
(laboratory) 

1/month Condition  index 1/month 

Turbidity 
(Transmissometer) 

1/30 minutes   

Secchi disc 1/month   

TSS (laboratory) 1/month   

 
Environmental variables 
Instrumentation of the Finisterra site for the GAIN project is a two phase process starting 
with HOBO loggers for sea surface temperature (SST), salinity and oxygen. These were 
purchased in 2018, with the sensors for SST and salinity currently deployed at 37° 01' 51'' N / 
8° 52' 51''W, see Figure 7. Data is recorded every 30 min and is normally downloaded on a 
monthly basis and uploaded to the IBM platform (https://app.box.com). An example of data 
recorded over a monthly period is shown in Figure 8. 
 

 
Figure 8. Sentinel-2 satellite image with the geographic location of the Finisterra longline aquaculture (green 
squares), the buoy, the different loggers of sea surface temperature (SST) sensors and the Station A that 
correspond to the station that has been used to extract satellite remote sensing data 

 

https://app.box.com/

