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1 Summary 

The Final Impact Assessment Report on Key Performance Indicators (KPIs) relies on results and 

implementation of the PerformFISH KPI benchmarking system. Data on KPIs for farmed sea bass 

and sea bream and their impact on production, the environment, fish welfare and efficiency are 

reported using the KPI dataset, including 411 production batches provided by 20 Mediterranean 

aquaculture companies across 28 farming sites in 5 EU Med countries.  

The system integrates a set of 55 auditable KPI applied in the three main production systems: 

hatchery, pre-grow and grow-out. The system was designed to be applied to the whole 

production cycle of sea bass and sea bream aquaculture (boundaries), with the exclusion of the 

packaging and processing chain. Definitions, formulas and all other matters regarding the 

construction of the KPI system was provided in the public Deliverable D7.1. 

The D7.5 describes the implementation of the PerformFISH SAS® Visual Analytics system 

(version 2) used for farmed sea bass and sea bream and its three main components: 1. KPI 

dataset, 2. Digital interface for data entry, 3. SAS® Visual Analytics. This innovative and smart 

web system has been developed in collaboration by ISPRA and the five tǊƻŘǳŎŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴǎΣ 

using SAS Visual Analytics software. It is currently hosted at the National Environmental 

Information System (SINA) in ISPRA.  

The new digital system allows the data collection, analysis and visualization of performance of 

sea bass and sea bream farms and the MMFF sector.  It is composed by a set of application 

services, based on different software components that enable the users to interact within the 

web application to support the uploading, validation and management of usage policies for 

Farms, Companies and Associations and dashboards to perform KPI analysis in in a anonymous 

and secure working environment.  

The Analytical Tool is currently based on 12 dashboards together with a user guide: i. Dataset 

info, ii. Losses, iii. Growth, iv. Feed, v. Vaccination, vi. Dependency of treatments, vii. Statistical 

analysis, viii. Welfare Score Index, ix. Clustering analysis, x. Data Envelope Analysis (DEA), xi. 

Environment, xii. Life Cycle Assessment (LCA). The system uses a friendly set of statistical tools 

to facilitate aquaculture companies to generate performances analysis of sea bass and sea 

bream on farm. The system provides reports on technical and environmental performances 

allowing analysis at batch, farm and company level across Mediterranean basins. The system 

further implements the Welfare scoring system for sea bass and sea bream (BBW-tool) which is 

based on a validated set of 23 Operational Welfare Indicators (OWIs), that are modelled using a 

composite indicator and report a single welfare score index for batches or farms (D3.6). 

The results presented in the D7.5 provide new knowledge on the performance of sea bass and 

sea bream at hatchery, pre-grow and grow-out phase, and provide analyisis and statistics of 

most important KPIs for the MMFF sector. Data are elaborated in relation to species-specific 

differences and other relevant farming factors (e.g. day degrees, farming zone, stocking 

period..). 

The PerformFISH KPI system will help in implementing management solutions to improve 

technical, environmental and economic performance and fish welfare, leading to the 

formulation of corrective actions and best practices to improve efficiency, competitiveness, 
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sustainability and transparency of MMFF sector, in line with the EU Aquaculture Strategic 

Guidelines (COM (2021) 236 final). Thanks to the unique collaboration between scientists and 

the aquaculture industry in sharing data, information and knowledge, the performance of the 

MMFF sector have been assessed for the first time using common metrics and KPIs.  

The SAS® Visual Analytics tool is available for all sea bass and sea bream companies in GFCM 

countries, for TLPs of PerformFISH and other EU non-EU Mediterranean producers which have 

not yet accessed to v1, as in case of Turkey, Cyprus, Malta, all north African countries. 
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2 Introduction 

The context for the MMFF sector 

There is a fundamental need to increase the volume of seafood produced in order to ensure 

future food security. Importing 80 % of EU demand is not sustainable, and the current COVID-

19 pandemic has bought this deficiency to the forefront (Guillen et al, 2019; Minkoff, 2022).  

Today the Mediterranean Marine Fish Farming (MMFF) sector contributes significantly to wealth 

and job creation in rural and coastal areas in 10 Mediterranean EU countries. Production volume 

was over 188.000 tons in 2020 (FishSTAT, 2022) from 10 countries. Greece is the main country 

producer (58%) for a total volume of 109.036 tons in 2020. However, if compared with global 

growth of aquaculture over the last 20 years, which is expected to attain a 150 percent increase 

at least from 2000 to 2020, EU production volume continues to stagnate and is best described 

as flat.  

 

 

 

 

 

 

 

 

 

Figure 1: Mediterranean Marine Fish Farming (MMFF) production (tonnes) by country (source 
FishSTAT, 2022). 

 

According to FAO statistics, the Compound Annual Growth Rate (CAGR) calculated for MMFF 

sector is only +2,9% in 2010-2020 and decrease from CARG +3,1% calculated over the period 

2000-2020, thus indicating a stagnant period for MMFF sector (FishSTAT, 2022). Data analysis of 

production volume for 2020 do not show clear impact of pandemia (-0,029%) respect to 2019, 

whilst the impact of energy crisis is still to be computed in coming data.  

With respect to EU member states, marine finfish production is dominated by farmed gilthead 

sea bream and European sea bass in Mediterranean countries like Spain and Greece. From 2008 

to 2020 the production of these two species increases from 142,000 tonnes to 188,000 tonnes. 

Interestingly, at the same time, total production of these two species, from all Mediterranean 

GFCM countries including non-EU states, increased from 280,000 tonnes to 480,000 tonnes, 

largely due to growth in Turkey. 
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Compound Annual Growth Rate (CAGR) for GFCM countries is much higher than EU, being 

+6.44% in the period 2010-2020 and +7.35% in the period 2000-2020. Main producer country is 

Turkey, with 25,8656 ton of production in 2020 (Table 1). 

 

Table 1: Volume of aquaculture production (tonnes) and Compound Annual Growth Rate 
(CAGR) for EU and GFCM Mediterranean countries 

 
 

2000 2020 

Total EU aquaculture production 98,739 186,224 

Compound Annual Growth Rate 2000-20 3.22% 
 

Compound Annual Growth Rate 2010-20 2.09% 
 

   

Total GFCM aquaculture production 138,528 482,607 

Compound Annual Growth Rate 2000-20 6.44% 
 

Compound Annual Growth Rate 2010-20 7.35% 
 

 

The stagnation in production does not seem to be a consequence of seed availability. In fact, 

during the same period (2008-2018) juvenile production of gilthead sea bream and European 

sea bass in EU-based hatcheries increased about 10%, from 740 million to 820 million juveniles 

produced (Apromar, 2019). 

Despite this apparent limited improvement in production growth, the EU has provided finances 

to support for a number of programmes to drive growth in the sector. According to Guillen et 

al, (2019) EU has spent ŀ ǘƻǘŀƭ ƻŦ ϵнΦуф ōƛƭƭƛƻƴ ōŜǘǿŜŜƴ нлмл ŀƴŘ нлнл on boosting the 

aquaculture sector, ϵнмллл ǇŜǊ ŜŀŎƘ employee engaged in the sector  and ϵ122,000 per each 

company. Major bottlenecks faced by aquaculture producers, however, where not solved with 

budget allocation of structural funds, because are mainly linked to the increasingly complex 

bureaucratic rules that are in place in the EU system and member countries, as well as to the 

local rules and regulations for space allocation, farming permissions and environmental 

legislation.  In the next years, the cost for all inputs (energy, feed, juveniles.. ) and labour costs 

will further increase farm production costs, and this poses risks to the economic sustainability 

of operating companies and the MMFF growth itself.  

Rethink how the EU aquaculture sector is operating and developing and find innovative solution 

for booster aquaculture is one of objective of the New Strategic guidelines for a more sustainable 

and competitive EU aquaculture for 2021-2030, issued in 2021. The guidelines promote better 

environmental performance of EU aquaculture activities, as well as the diversification of EU 

aquaculture towards an aquaculture with a lower carbon footprint and lower impact on the 

ŜƴǾƛǊƻƴƳŜƴǘΧέΦ ¢ƘŜ ƎǳƛŘŜƭƛƴŜǎ Ŧƻƭƭƻǿǎ ǘƘŜ DŜƴŜǊŀƭ ƻōƧŜŎǘƛǾŜ ƻŦ ά 9ǳǊƻǇŜŀƴ DǊŜŜƴ 5Ŝŀƭά ŀƴŘ ǘƘŜ 

specific objective 1: More sustainable and competitive fisheries and aquaculture by 2024 and 

specific objective 2: A sustainable blue economy generating sustainable economic development, 

Ƨƻōǎ ŀƴŘ ǇǊƻǎǇŜǊƛǘȅ ōȅ нлнп ŀƴŘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎΩ 

Sustainable Development Goals (SDGs), notably SDG 14 on the life below water, SDG 2 on food 

security and SDG 6 addressing climate change and its impacts. 
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The objective of PerformFISH is to increase growth and competitiveness of the Mediterranean 

aquaculture while addressing social and environmental responsibility and contributing to food 

security, Blue Growth and SDGs. The project provides the PerformFISH Key Performance 

Indicators system (D7.1) and a  digital tool, PerformFISH SAS® Visual Analytics, based on Key 

Performance Indicators (KPIs), to analyse and report on performance of Mediterranean 

companies and to identify sources of efficiency/inefficiency in production cycles (D7.5).  

Synthetically, the PerformFISH KPIs system is a tool to: 

1. benchmark the technical efficiency of aquaculture companies and identify sources of 

efficiencies and inefficiencies during the production cycles; 

2. benchmark the MMFF sector operations and promote higher efficiencies, good fish 

welfare and increased production with lower environmental impact;  

3. facilitate the recognition of criteria, standard and target for improving the performances 

and environmental sustainability of farming practices of fish farming companies as 

frame for the new Code of Conduct for Mediterranean Fish Farming sector (D7.4). 

The 2nd Project Review Consolidated Report (November 2020) recognized the KPI 

benchmarking system as an important and innovative tool for the fish farm industry that 

άaddresses the industry need for standardization and at the same time it can help industry to 

produce more in an more environmentally respectful wayέΦ  

The Management Committee of PerformFISH (2021) agreed that the industry should find a more 

tangible return in the use of the benchmarking tool, encouraging a continuous production data 

provision and anonymized data sharing. 

The D7.5 reports on the version 2 of the digital system of PerformFISH, PerformFISH SAS® Visual 

Analytics (VA), in collaboration by ISPRA and tǊƻŘǳŎŜǊΩǎ Associations (API, APROMAR, FGM, CCE-

CAA, SFAMN) specifically for sea bass and sea bream. This second version is specifically designed 

for sea bass and sea bream farms operating in marine net pens system, from stocking up to final 

harvest (boundaries). The SAS VA v.2 is a smart and friendly-use tool for collect, storage, visualize 

and analyse production data and KPIs collected at batch and farm level by each company. KPI 

analysis report on technical efficiency of different batches, on welfare of farmed fish and on 

environmental performances. It is available for the whole MMFF sector, including sea bass and 

sea bream farms and companies operating in GFCM countries. 

  



 D7.5: Final Impact Assessment Report on KPIs   

10 
 

2.1 The KPIs system in a nutshell 
 

The PerformFISH KPI system was designed to be applied to the whole production cycle of sea 

bass and sea bream aquaculture (boundaries), with the exclusion of the packaging and 

processing chain. For all definitions, formulas and all other matters regarding the construction 

of the KPI system please consult the D7.1. A short description is provided below to facilitate the 

reading of D7.5. 

The KPI system integrates a set of 55 Key Performances Indicators (KPI) applied in the three main 

production systems: hatchery, pre-grow and grow out (Table 2).  

The set of KPIs was chosen from a basket of more than 200 KPIs, according to specific criteria 

and attributes: i) build on farm data, collected in routine cycles; ii) linked to critical successful 

factors (growth, health, feed, welfare, environment); iii) simple to measure and easy to 

understand (SMART criteria). 

 

Table 2: PerformFISH KPIs for Mediterranean Fish Farming Sector  

 
 

The PerformFISH KPIs belong to four categories (Table 3):  

¶ Key Technical Performance Indicators (TE-KPI, n=30) for ranking biological 

performances of batches and technical efficiency;  

¶ Key Economic Performance Indicators (Ec-KPI, n=2) for estimating productivity 

and efficiency of aquafarms;  

¶ Key Operational Welfare Performance Indicators (WE-KPI, n=9) to assess 

welfare at different life stages and in relation to different culture systems and 

husbandry practices. 

¶ Key Environmental Performance Indicators (ENV-KPI, n=14) to assess the impact 

of farming practices on the preservation of biodiversity and habitats, the use of 

natural resources, water, space and energy use, and its ecological footprint;  

 

Table 3: PerformFISH KPIs categories, according to dimension 
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The KPI benchmarking system relies on the raw production and environmental data collected 

on farm site using Standard Operating Procedures (SOPs), in order to ensure a consistent data 

collection process among different LTPs. In order to ensure a correct data analysis and KPI 

computation among different farms, a parameterization of data collection at fixed intervals has 

been agreed within the PerformFISH Consortium, involving farm managers, the Industry 

Technical Expert Committee ς ITEC and WP leaders and scientists to be applied in different 

production systems. 

  

Hatchery 

15 KPIs were validated by PerformFISH Consortium (Table 4). Data collection was performed at 

batch level and parameterized according to the degree days(dd) registered in the farm at: 

- Stocking, 500 dd, end of weaning, 1200 dd, 1800 dd, 2400 dd, end of cycle 

Each hatchery batch was identified according to three possible stocking periods 

- Early: from July to October; Natural: from November to February; Late: from March 

to June  

Table 4 : Hatchery KPIs 
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Pre-grow system 

 

5 KPIs were validated by PerformFISH Consortium (Table 5). Data collection was performed at 

batch level and parameterized on two fixed periods: 

- Stocking; End of pre-grow cycle 

Each pre-grow batch was identified according to three possible stocking periods 

- Early: from November to February; Natural: from March to June; Late: from July to 

October  

 
Table 5: Pre-Grow KPIs  

 

 

Grow out system 

30 KPIs (Tables 6, 7) were validated by PerformFISH Consortium for grow out farms which differs 

in technologies and are located at sea and on land, the collection of uniform KPI is strategic for 

the correct interpretation of production data provided by aquaculture companies and for the 

development of a valid benchmarking tool. Data collection in grow out system was performed 

at both batch and farm level.  

At individual batch level, production data collection has been parameterized at standard 

intervals, defined on the basis of the Average Body Weight (ABW) of fish, in order to ensure the 

consistency of data and analysis among different batches.  

- At stocking, from stocking to the date when fish reach 50g ABW; from 51g to 150g 

ABW; from 151g to 250g ABW; from 401g to 800g ABW 

Each batch was also identified according to the period of fish stocking (Quarters):  

- 1st Quarter = January ς March; 2nd Quarter = April ς June;  

3rd Quarter = July ς September; 4th Quarter = October ς December 

Three Mediterranean climatic zones were identified using time series of Sea Surface 

Temperatures (SST) from Copernicus Marine Service (CMEMS). The average seasonal SST and 

the average yearly SST were calculated from 2006-2020 time series dataset. A georeferred 
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Mediterranean SST map was delivered by ISPRA, including three zones: Zone 1 (North-West 

Med, cold), Zone 2 (Central Med, temperate) and Zone 3 (South-East Med, warm). All the grow 

out farms were then classified according to these three main climatic zones and data analysed 

also according to this SST parametrization.  

 

Table 6: Grow out ς Technical KPIs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Table 7: Grow out ς Welfare KPIs 
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The set of welfare KPIs covers the major areas of fish welfare (health, feeding, housing and 

transport). However, in order to provide to the sea bass and sea bream industry a valid system 

to score the state of fish welfare during farming practices, a set of additional Operational 

Welfare Indicators, OWIs) was validated in Task 3.5 (D.3.6) and integrated in the KPI system. 

At farm level, data collection is performed to get data on economic performances (Ec-KPIs) and 

environmental performances (Env-KPIs) on an annual basis (Tables 8, 9).  

 

Table 8: Grow out ς Economic KPIs 

 

 

 

 
 
Table 9: Grow out ς Environmental KPIs 

 

KPI G26 and G7 were replaced by to two new Env-KPIs to measure the impact of nutrient 

emissions on marine sediment and macrozoobenthic fauna at farming site: 

¶ G26 Quality of sea sediment (methodology)  

¶ G27 Status of sediment. 
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In the new version of the KPI system released in 2022, some of Env-KPIs are computed in the Life 

Cycle Analysis (LCA) for sea bass and sea bream along grow out production cycle, at farm (see 

3.3.12).   

 

3 Material and methods 

This section describes the Phase II of PerformFISH KPI system and it was initially foreseen and 

described in the DoA. The version 2 of the KPI system has been created on the request of the 

PerformFISH Management Committee and with appropriate budget reallocation (see DL9.4, 

3.2.2), as new digital tool designed to be more user-friendly for aquaculture companies, to allow 

compelling graphical presentations of KPI analysis outcome and to have the capacity to expand 

into a system of transparent communication with the consumers, policymakers and regulators. 

 

3.1 The KPI System v.2 

The new digital system is a performance tool for Mediterranean Marine Fish Farming sector, 

ŘŜǾŜƭƻǇŜŘ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōȅ L{tw! ŀƴŘ ǘƘŜ ŦƛǾŜ tǊƻŘǳŎŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴǎ (API, APROMAR, FGM, 

CCE-CAA, SFAMN) since January 2022 and now hosted in the National Environmental 

Information System (SINA, ISPRA). The digital system is composed by a set of application 

services, based on different software components that enable the users to interact within the 

Web Application to support the uploading, validation and management of usage policies for 

Farms, Companies and Associations and dashboards to perform KPI analysis anonymously and 

securely.  

The system has been developed using SAS Viya suite based on a specific PostgreSQL database.  

The tool is available for all aquaculture companies interested to register and use this tool to  

i) analyse and compare their performances using anonymized data and KPIs  

ii) participate to the sustainability analysis of MMFF sector. 

 

The PerformFISH KPI system v.2 has setup as a platform to offer the following services 

i) ŀ ǳǎŜǊ ǎǘƻǊŀƎŜ ŘŀǎƘōƻŀǊŘ ǘƻ ǎǘƻǊŜ ǳǎŜǊΩǎ ŘŀǘŀΣ ǿƛǘƘ ǇǊƛǾŀǘŜ-access policy  

ii) a web interfaces allow data input and validation of user-uploaded submission  

iii) a computational system to operate the validation of the files  

iv) a repository for the KPI database 

v) a computational system to operate the anonymization/publication of files   

vi) algorithms for comparative and descriptive statistics working in. 

 

The three main components of the systems are organised as follow: 

1. KPI dataset  

2. Digital interface for data entry  

3. Performances Analytical Tool  
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3.1.1 The KPI dataset ς description, statistics 

The full description of the KPI dataset, data consistency check and data validation has been 

provided in the D7.3, and shortly reported in D7.4 and D9.4.  

Briefly, the first dataset was uploaded into the PerformFISH gateway (managed by P23) between 

2019 and 2021. The transfer of KPI dataset to ISPRA has been agreed by PerformFISH Consortium 

(June 2020) and recalled by the Management Committee (November 2020), in order to facilitate 

and improve data handling, management and analysis and to reach WP7 objectives.  

The transfer of the whole KPI database was concluded on September 2021. It consists of more 

than 830 records and around 80,000 production data provided by sea bass and sea bream 

companies for years 2015-2021, namely 16 LTPs operating in 28 farming sites across the 

Mediterranean area and belonging to the 5 European Fish Producer Associations. 

Anonymised codes (an alphanumeric string of several characters), unique identifiers of batch, 

farms, companies and producer associations, were replaced with simplified IDs, maintaining the 

unicity of identifiers and attributes for each record and the overall anonymization. 

The anonymized KPI database has been fully analysed by ISPRA to perform a quality check of 

production data provided by LTPs.  

Statistical analysis was performed to identify possible outliers. For each KPI, summary statistics 

were calculated (i.e. mean, median, minimum, maximum and interquartile). Values falling more 

than 1.5 times the interquartile range above the third quartile or below the first quartile were 

defined as potential outliers (Moore and McCabe, 1999). Each outlier value was analysed case 

by case to check consistency according to expert judgments and the computed summary 

statistics. Accordingly, not consistent data, impossible data and typo errors were corrected 

when possible or deleted.  

The final database consists in 411 batches and 61,055 production data collected at individual 

batch level for hatchery, pre-grow and grow systems and 205 records for data collected at farm 

level during on growing cycles (Table 10).  

 

Table 10: KPI dataset - number of records and data validated in the database 

 

  
Sea Bass Sea Bream Overall 

Dataset N° of data Batches Farms Batches Farms Batches Farms 

Hatchery 16,580 67 6 89 6 156 7 

Pre-grow 1,150 5 1 45 2 50 2 

Grow out  43,325 111 17 94 16 205 19 

Tot 61,055 183 
 

228 
 

411 28 
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Statistical analysis of the KPI dataset  

The analysis of KPIs was performed by ISPRA for the three production systems (hatchery, pre-

grow and grow out), on the entire production cycle and across the different production periods 

from stocking to the end of production cycle, according to the parametrization reported in §2.1. 

 

Individual batch statistical analysis 

Stratified analyses were carried out for all the batch-related KPIs according to:  

i) dimensions; ii) season, iii) density at stocking and iv) vaccination for the hatchery data;  

i) dimensions; ii) period of stocking for the pre-grow data;  

i) dimensions, ii) quarters, iii) zone, iv) density at stocking and v) vaccination for the grow out 

data. 

In order to have a first insight of the distribution of KPI values, a visual inspection of each KPI 

was carried out using histograms, scatter plots and boxplots. In each boxplot: horizontal line in 

middle of each boxplot shows median value; horizontal lines in box give 25% and 75% quartiles; 

lines outside box give the boxplot whiskers; yellow dot denotes the mean (Tuckey 1997). 

Furthermore, density functions and related quartiles were also plotted for the most relevant 

KPIs. 

To obtain additional information about the distributions, measures of central tendency (mean, 

median), measures of variability (standard deviation, coefficient of variation) and information 

concerning the spread of the distribution (maximum, minimum, and interquartile range) were 

computed for each KPI. 

For each KPI comparisons between different data set (according to quarter, zone, density at 

stocking and vaccination) were also performed. After checking for deviations of the distribution 

of each KPI from normality, a rank-based non-parametric test, i.e. the Kruskal-Wallis H test 

(MacFarland & Yates, 2016), was used to verify if there were statistically significant differences 

of KPIs between the dataset. 

In order to determine the existence of relationships (positive or negative) and to quantify the 

degree of the relationship between two different KPIs, bivariate correlation analyses were 

carried out for several KPIs related to individual batch data as well as to aggregated data by 

farm.  

Additionally, for the most relevant correlations, bivariate and multivariate linear regression 

models were applied in order to estimate the equations describing the relationships between 

two or more KPIs with higher details. 

 

Individual batch data aggregated at farm level (T-KPIs) 

In order to study how different farms performs, the data collected for technical KPIs at batch 

level were aggregated by farm and analysed using statistic tools. This analysis at farm level was 

requested by Producer Associations and Companies in the KPI workshop held at ISPRA on July 
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2019, in order to get analysis of T-KPIs (losses, feed, growth) at farm level, but it was not 

implemented by P23. 

The aggregation process of individual batches by farm was done by ISPRA using a weighted sum 

of data provided for each single batch by farm. The calculation of simple arithmetic mean of the 

values of KPIs at batch level as aggregated farm data was excluded to avoid any statistical error. 

As an example, for a generic farm which provided data on n batches, rather than computing the 

aggregated Mortalities ς total (H1) as the arithmetic mean of the n H1 value calculated for each 

batch, the ratio between the overall number of dead fish (i.e. sum of dead fish) and the total 

stocked fish in all the batches was calculated. Accordingly, for each of the 3 datasets (hatchery, 

pre-grow and grow out) new datasets were developed in which each record contains the 

information aggregated at both batch and farm level (i.e. records refer to farms, rather than 

individual batches).  

  

3.1.2 The Digital interface for data entry 

Authentication, Authorization and Accountability (also called AAA) is the underlying architecture 

of the authentication and security system to intelligently manage access control to PerformFISH 

platform resources. These three elements are considered important for effective network 

management and security.  

The access to the system is on demand by users registered to the e-Infrastructure.  

Use accountability ς Users must register on the platform, in order to have an account and the 

appropriate access rights to the system. User accountability is necessary to ensure that they are 

able to view and interact with different reports and data, according to the role they have 

assigned by Administrator. The access and exploitation of the PerformFISH services for user is 

regulated by Terms Of Use. 

User accreditation procedure -The access procedure requires that a user, who requests 

registration or who has been invited to register, sends a request via the dedicated email account 

to the System Manager, reporting the information on the country, name of the company, name 

e surname, email of registered contact person and google account. The system manager 

authorizes the LDAP (Lightweight Directory Access Protocol) authentication system 

administrator to create the user account. The profiling system of the LDAP authentication 

system recognizes and assigns the appropriate access rights and provides the appropriate 

reading and modification privileges to each user.  

Authentication ς The main first component is represented by the authentication module used, 

LDAP, which provides a hierarchical structure capable of reflecting subdivision on a geographical 

and organizational basis and which provides the approval of the accounts and the management 

of the resources assigned to them. Authentication dashboard is designed to allow to the 

managers the possibility to set-up different roles in the system based on groups or geographic 

regions in order to give access only to authorised data or files. In this way, data collected and 

archived are protected using industry standard TLS encryption, using the facilities provided by 

the web server on the server side and open-SSL on the clients.  
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To enforce the client-side encryption security in the authentication component a third party 

Sigle-Sign-On (SSO) system for Multi-Factor Authentication (MFA) has been set-up using Google 

ID SSO application. Users are usually identified with a user ID, and authentication is performed 

when the user provides a correct credential, such as a password, which matches with user ID 

and google account in the database. Most users are most familiar with using a password, which, 

as a piece of information that should only be known to the user and is the first knowledge 

authentication factor.  

Security Module The second component is the Security Module that is composed by an active 

anti-virus system to scan the data and document stored in the repository, in order to prevent 

internet attacking, and by a backup and replication system to ensure the data and platform 

persistence. The backup system ensures, according to a daily to weekly replication policy, that 

in the event of an attack the entire system can be restorable quickly, furthermore a specific 

prevention policy against ransomware attacks is applied by scheduling occasional backups on a 

system disconnected from the network. 

Data Anonymisation ς The production data entered and saved into the KPI system by the user 

are published throughout a data anonymization process and further stored in a dedicated 

PostgreSQL DB. 

Anonymization process does not remove all identifying information from real data, but through 

a system of views and interconnection tables prevents the connection of the public dataset with 

the owner of the original data. This approach that follows a precise encryption scheme in the 

PerformFISH database strengthens privacy by replacing most of the identifier fields within a data 

record with one or more artificial identifiers. The method is in accordance with GDPR (art.3), 

allowing the processing of personal data to be such that the data can no longer be attributed to 

a specific data subject without the use of additional information. As already mentioned in the 

section relating to authentication and security, the data collected and stored are protected using 

TLS encryption for communication between virtual servers on a private connection network. 

The Digital Interface for data entry allows the users to 

- ENTER production data collected at farm level using web data entry forms  

- SAVE uploaded data in private cloud for further visualization and analysis.   

Each online data entry form has multiple fields to enter the real production data collected on 

farm.  A logical-based control system will take care of data reliability by checking every data 

entry, validating data by its backend algorithms, and messaging the operator when potential 

input errors or inconsistency data are uploaded.   

The user will be led to fill each of the KPIs fields and the tool will take care of data reliability by 

validation by its backend algorithms, and messaging the operator about input errors or 

inconsistency data entry. Each form field has a custom tooltip to help the operator to remind o 

understand the value of the field itself. 

Data are saved into the PostgreSQL database and they will be consumed by Viya processes to 

create analysis and statistics. 
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Figure 2: Welcome page of the Digital Interface for data entry of the PerformFISH KPI Tool 
 

Two main sections to entry data for KPIs: the BATCH section, and the FARM section. 

The BATCH section collects the whole set of production data for the calculation and analysis of 

TECHNICAL KPIs (losses, feed, growth, welfare, dependency on treatments) at batch level. 

Examples of the dashboards used for data entry is reported for batch data (Figures 3, 4, 5, 6, 7). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Dashboard data entry: production data collected at BATCH and FARM level 
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Figure 4: Dashboard for BATCH. How (add) a batch or access (view) uploaded batch data. 

 

 

Figure 5: 5ŀǎƘōƻŀǊŘ ŦƻǊ .!¢/IΦ 5ŀǘŀ ŀǘ ά{ǘƻŎƪƛƴƎέ 
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Figure 6: Dashboard for BATCH. Example of batch data entry at ά{ƛȊŜ рлƎέ 

 

Figure 7: 5ŀǎƘōƻŀǊŘ ŦƻǊ .!¢/IΦ 9ȄŀƳǇƭŜ ƻŦ ōŀǘŎƘ Řŀǘŀ ŜƴǘǊȅ ŦƻǊ [ƻǎǎŜǎ YtLǎΣ ŀǘ ά{ƛȊŜ рлƎέ 

 

The FARM section is for the data entry for ENVIRONMENTAL KPIs (habitat and biodiversity, use 

of resources...) and WELFARE KPIs (staff training, environmental monitoring) on annual basis. 

Examples of the dashboards used for data entry are reported for FARM data (Figures 8, 9, 10, 

11). 

Figure 8: Dashboard for FARM. Example of data entry (add year) for ENV KPIs and access (view) 
uploaded data.  
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Figure 9: Dashboard for FARM. Example of data entry for measure of impact of farms on 
άIŀōƛǘŀǘ ŀƴŘ .ƛƻŘƛǾŜǊǎƛǘȅέ 9b± YtLǎ 
 

 
Figure 10: Dashboard for FARM. Example of data entry for Welfare KPI  
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Figure 11: Dashboard for FARM. Example of data entry for Welfare KPIsΣ άDƻƻŘ ƳŀƴŀƎŜƳŜƴǘ 
tǊŀŎǘƛŎŜǎέΦ 5ŀǘŀ ŀǊŜ ǳǇŘŀǘŜ ƻƴ ŀƴƴǳŀƭ ōŀǎƛǎΦ 
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3.1.3 PerformFISH Analytical Tool 

The Analytical tool is the second component of the digital system and is developed in on SAS® 

Visual Analytics (Business Intelligence Platform of SAS Viya). It is a powerful visual interface, 

flexible and intuitive, with multiple statistical analysis and filtering options to analyse the 

performances of sea bass and sea bream aquaculture trough KPIs (Figure 11). The system is 

currently available for ongrowing cycles of European sea bass and Gilthead sea bream in marine 

ƴŜǘ ǇŜƴǎΦ ¢ƘŜ ǎŜǘ ƻŦ YtLǎ ƻŦ ǊŜŦŜǊŜƴŎŜ ƛǎ άSet of KPIs for Mediterranean Marine Fish Farming 

(MMFF) Sectorέ (Deliverable 7.1). 

The SAS® VA is used to create dashboards and visualize KPI analysis. The system extracts 

production data from the PostgreSQL DB as an input and perform computational analysis using 

a loop of SAS code scripts to elaborate data and charts. Tables are in a CAS (Cloud Analytical 

Server) environment and are stored in memory of a cloud file system.  

 

 

Figure 12: Welcome page of SAS® Visual Analytics  

 

Data analysis generates charts based on anonymized information. Tables containing 

ŀƴƻƴȅƳƛȊŜŘ ƛƴŦƻǊƳŀǘƛƻƴΣ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ŦƻǊ ǘƘŜ ǳǎŜǊΩǎ ǊŜŎƻǊŘǎΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǳǎŜǊΩǎ ŦŀǊƳΣ 

batches, and associations IDs are de-anonymized, whereas all the other data are reported with 

UUIDs. Each user, uploading his production data in the global dataset, is enabled to compare his 

performance indicators with those of other users and is implicitly accepting to share his data 

anonymously to allow other users to mutually perform the same benchmarking.  

The navigation is implemented in SAS Drive@ and organized in 12 dashboards (Figure 13), 

according to the categories of KPIs and statistical tools. 

http://performfish.eu/wp-content/uploads/2021/02/D7_1_Approved.pdf
http://performfish.eu/wp-content/uploads/2021/02/D7_1_Approved.pdf
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Figure 13: SAS® DRIVE for PerformFISH navigation 

 

The statistical tool is based on the SAS® VA and SAS® Statistics and takes advantage of all its 

capabilities for statistical analysis and visual reporting.  The system uses a friendly set of 

statistical tools to facilitate aquaculture companies to generate performances analysis of sea 

bass and sea bream on farm. Provide report analysis of KPIs at batch, farm and company level 

and  compare efficiency of companies across the Mediterranean basin.  

Currently, the database available in PerformFISH SAS® Visual Analytics is composed by more 

than 70,000 production data collected from 2015 to 2021 by 18 sea bass and sea bream 

companies collaborating as LTPs of PerformFISH. Companies has been assigned to the three 

geographic Zones for Mediterranean area 

¶ Zone 1: avg. SST<=19; Zone 2: 19<avg. SST<=20; Zone 3: avg. SST>20. 

The zones are shaped according to temperature profiles, extract as average yearly Sea Surface 

Temperatures (SST) of time series dataset from Copernicus Marine Services (CMEMS) recorded 

over the period 2006-2015. All the grow out farms in the dataset are classified according to these 

three zones, uniform for their temperature profiles. Analysis can be performed filtering the 

dataset by zone with similar temperature profile (Figure 14).   



 D7.5: Final Impact Assessment Report on KPIs   

27 
 

Figure 14: Geographic Zones in the Mediterranean area according to SST data series from 

Copernicus (CMEMS). 

 

In order to open the system to users located across the Mediterranean area, some additional 

zones should be included in the system to cover area with avg. SST>22 and avg. SST>24. These 

are climatic conditions common found in Southern and Eastern Mediterranean waters, where 

sea bass and sea bream companies located in Non-EU countries, such as North Africa and Turkey, 

are operating. 

Three main navigational menus are available in PerformFISH SAS® Visual Analytics (Figure 15): 

1) The upper top tab ς these tabs allow the navigation between pages for analysis of 

Technical KPIs (e.g. losses, growth, feed, treatment) and other statistical tools and 

models used for analyze farm efficiency (DEA), fish welfare (Welfare score) and 

environmental performances (LCA) 

2) Selection tab (below the upper top tabs): these tabs allow the selection of different 

charts and graphics and statistics to be displayed (e.g. boxplots, trendlines, treemaps, 

etc.) 

3) KPI selection tab (on the left of each chart): these buttons allow the selection of the KPI 

to be sorted and available in the charts. 

In each page multiple filtering menus are available:  

Species-zones-quarter filter: these functions are available in the blue box on the left side of 

pages, the user can select the level of filtering (species or zones and/or quarter). The selection 

of these filters will narrow the figures, the charts and the statistical analysis only on the 

categories that have been selected by the user and the chart or tables in the pages will be 

updated in real time dynamically. If none of the boxes is selected, the analysis is performed 

without any filter. 

Category-group filter: these filtering functions are available in the blue box on the right side of 

pages. These functions will display different possibilities of categories aggregation to produce 

chart  

Batch selection: these filtering functions are available in the blue box on the right side of pages, 

it allows the selection of single or multiple batches to be plotted in the chart. 
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Figure 15: Example of navigation tabs and the filter system to analyze and compare dataset 
for each KPI 

 

 

KPI Statistical Analysis  

5ŀǎƘōƻŀǊŘǎ ŘƛǎǇƭŀȅ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ŎƘŀǊǘǎ όǎǳŎƘ ŀǎ ¢ǊŜƴŘƭƛƴŜΣ .ƻȄǇƭƻǘΣ .ŀǊŎƘŀǊǘΣ ¢ǊŜŜƳŀǇǎΧύ 

for any KPI and allows statistical analysis of indicators at different level of aggregation: batch 

level, farm level and company level. Users, in any of the statistical analysis performed on any 

KPI, can also apply a number of filters to narrow the analysis only to selected group of batches 

(belonging to selected zones, stocked quarters, species).  

Statistical visualizing tools are provided by (Figure 15): 

¶ Simple and stacked bar plots: provide summary statistics (average means or 

absolute/relative frequencies) of a quantitative variable between levels of a categorical 

variable;  

¶ Treemaps compare the units we are studying according to two variables. ¢ƘŜ ǊŜŎǘŀƴƎƭŜǎΩ 

area expresses ǘƘŜ ǎƛȊŜ ƻŦ ŀ ǾŀǊƛŀōƭŜ ŀƴŘ ǘƘŜ ǊŜŎǘŀƴƎƭŜǎΩ colour the values of the second 

variable by unit. 

¶ Boxplots show the variability of a quantitative variable around the median value of a 

distribution, with black dots indicating the mean value; 

¶ Trendlines allow the analysis of a quantitative variables moves over time; 
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¶ Pie charts display the percentage distribution of a categorical variable through slices of 

a symbolic pie: each slice is proportional to the size of each category; 

¶ Performeter is an analytical tool to test the mean value of a quantitative variable lies in 

the range of all its values, separated in some levels going from the best (green colour) 

to the worst (red colour) situation for any specific case. 

 

Statistical coefficients and tests involved in the analyses are: 

¶ Correlation coefficients are a statistical tool to test a linear correlation between two 

quantitative variables. The lower the p-value associated to the correlation coefficient, 

the higher the probability that the correlation coefficient is not 0.  

¶ The Wilcoxon test is a non-ǇŀǊŀƳŜǘǊƛŎ ǘƻƻƭ ǘƘŀǘ ŎƻƳǇŀǊŜǎ ǘǿƻ ŘƛǎǘǊƛōǳǘƛƻƴǎΣ ǿƘŜƴ ƛǘΩǎ 

not possible to guarantee the normal assumption for the distributions. 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 16: Example of charts for KPI analysis of Losses (Mortality 3days and Total Mortality) 

 

Additional analytical models are hosted in the digital system for performing appropriate analysis 

of fish welfare (BBW-tool), efficiency (DEA) and environmental performances (LCA) at farm 

levels. 
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Welfare Score  

A methodology to assess fish welfare during farming cycles was developed in PerformFISH as a 

tool to reduce losses, increase transparency of welfare data and to improve the image of the 

MMFF sector.  

A stepwise process was planned and implemented to create the first ever Welfare Scoring 

system for European sea bass and gilthead sea bream (BBW-tool) based on a validated set of 

Operational Welfare Indicators (OWIs), including the Welfare KPIs (Deliverable 7.1). The 

development and validation of the BBW-ǘƻƻƭ ƛǎ ŘŜǎŎǊƛōŜŘ ƛƴ 5ŜƭƛǾŜǊŀōƭŜ оΦс άaŜǘƘƻŘƻƭƻƎȅ ŦƻǊ 

ŀǎǎŜǎǎƛƴƎ ǿŜƭŦŀǊŜ ƛƴ aaCCέΦ  

Briefly, the BBW-Tool is a non-invasive and smart solution to assess the welfare of fish batches 

and farms along the grow out cycle. It has been implemented in PerformFISH SAS® Visual 

Analytics for data collection, analysis, visualization and benchmarking.  The BBW-Tool was 

developed and implemented following several steps: 

i. systematisation of fish welfare knowledge in the last two decades 

ii. identification of animal welfare areas and first selection of welfare indicators 

iii. validation of a first set of 9 Welfare KPIs (W-KPIs) 

iii. definition of suitability criteria for Operational Welfare Indicators (OWIs) 

iv. chose of 14 additional OWIs, through an on-line welfare consultation and expert judgement 

within PerformFISH Consortium, to be integrate in the BBW-Tool for the different dimensions of 

welfare. 

v. test ad validation of the BBW-Tool on the W-KPIs by applying multi-dimensional composite 

indicators, combining different indicators to reach a comprehensive Welfare Score Index (WSI) 

vi. implementation of the BBW-Tool in SAS® Visual Analytics: prototype version (v.1) based on 

W-KPIs;  

The overall Welfare database include OWIs for the different areas of welfare: health, behaviour, 

growth and feed, housing, environment, use of GMPs and certifications, staff training and 

technological innovation. Today the BBW-Tool is part of SAS® Visual Analytics has been 

implemented in the 2nd version (v.2), including the whole set of KPIs and OWIs.  

The set of Welfare indicators include both direct/animal-based indicators (43%) and 

indirect/environmental-management based indicators (57%), quantitative indicators (61%) 

and qualitative indicators (39%) (Table 11). 
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Table 11: List of 23 Operational welfare Indicators (OWIs) for the BBW-Tool.  

Selected animal-based and environmental/management-based OWIs for the BBW-Tool for the grow out phase 

(n. 23) 

Quantitative OWIs (n. 14) Qualitative OWIs (n. 9) 

¶ Mortalities-total * ¶ Farm Health Management Plan  

¶ Mortalities first 3 days after transport and 

stocking * 

¶ GMP for fish acclimatization at the end of transport 

¶ Mortalities first 10 days after transport and 

stocking * 

¶ GMP for handling, grading 

¶ Mortalities by diseases ¶ GMP for fish confinement and harvest 

¶ Vaccinated fish ς by disease * ¶ Use of sensors for remote environmental control 

¶ Number of antiparasitic treatments * ¶ Register of fish abnormal behaviour 

¶ Number of antibiotic treatments * ¶ Use of underwater cameras for monitoring fish 

behaviour 

¶ Feed Intake (FI) * ¶ Use of anti-predator nets 

¶ Stocking density at the end of cycle/harvest *  ¶ Running production quality certification schemes 

¶ Discharged fish at slaughter  

¶ Injuries at slaughter  

¶ Frequency of monitoring of environmental 

parameters 

 

¶ Oxygen depletion persistence days *  

¶ Staff training  

*Welfare KPIs (W-KPIs) 

 

The BBW-Tool allows metric comparisons of fish welfare during growing cycles at batch level 

and for farms and companies. The BBW-Tool applied the Adjusted MazziottaςPareto Index 

(AMPI). AMPI is one of the most used composite indicators, applied in several fields to measure 

complex multidimensional phenomena in the field of quality of life and well-being of citizens, 

environment, food sustainability and for monitoring EU Member States score on SDGs of the 

Agenda 2030. The tool provides a single overall Welfare Score Index (WSI) to rank the fish 

welfare status. The Score ranges between 70 and 130. 

In the prototype version (v.1) of the BBW-Tool, the WSI was calculated on selected KPIs using 

the AMPI which requires data normalization and equal weighting of the indicators (Mazziotta 

and Pareto, 2016). 

The version 2 (v.2) of the BBW-Tool was developed in PerformFISH SAS® VA and calculate the 

welfare index of farmed sea bass and sea bream using a Weighted version of the AMPI index 

(WAMPI; Mazziotta and Pareto, 2021). In this form, the AMPI index consists of a weighted 
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average of the set of selected normalized indicators, penalized by a coefficient dependent on 

the coefficient of variation to ensure only partial compensation between the indicators of base.  

The Weighted AMPI is then computed as: Mean(R_i )-St.dev.(R_i )*₣CV₤_i, where Mean(Ri), 

St.dev.(Ri) and Cvi are the weighted mean, the weighted standard deviation and coefficient of 

variation, respectively, computed by rows on the normalized matrix R. The set of basic indicators 

includes 9 W-KPIs, with weights equal to 100, and 14 OWIs selected by academic and industry 

stakeholders with weights elicited in accord to the suitability and relevance of OWIs. 

The results of weighted AMPI, computed on a simulated whole dataset, have been further 

compared with the value obtained using the weighted geometric mean, through the Spearman 

coefficient and computing the absolute mean difference between the ranks. The results show 

that the ranking obtained with the two methods are comparable. 

The BBW-Tool is a smart solution developed through PerformFISH SAS Analytics for data 

collection, analysis, visualization and benchmark wellbeing of sea bass and sea bream farmed in 

the Mediterranean basin.   

 

Efficiency by Data Envelopment Analysis (DEA) 

Data Envelopment Analysis (DEA) is a linear programming method for assessing the efficiency 

and productivity of Decision Making Units (DMU). DMUs are units of organizations and usually 

uses a set of inputs (resources) to secure a set of outputs (products).  

59! ǳǎŜǎ ƭƛƴŜŀǊ ǇǊƻƎǊŀƳƳƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ǘƻ άŜƴǾŜƭƻǇέ ƻōǎŜǊǾŜŘ ƛƴǇǳǘ ς output vectors as tightly 

as possible. One main advantage of DEA is that it allows several inputs and several outputs to 

be considered at the same time. In this case, efficiency is measured in terms of inputs or outputs 

along a ray from the origin. 

Assume a set of observed DMUs, {DMU j; j=1,...,n}, associated with m inputs, {xij ; i=1,...,m}, and 

s outputs, {yrj ; r=1,...s}. In the method originally proposed by Charnes, Cooper, Rhodes (1978) 

the efficiency of the DMU j0 is defined as follows. 

 

Where; 

xij = the amount of the ith input at DMU j, 

yrj = the amount of the rth output from DMU j and 
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j0 = the DMU to be assessed. 

If h* is the optimum value of h, then DMU j0 is said to be Pareto 

 

 

Where; 

xij = the amount of the ith input at DMU j, 

yrj = the amount of the rth output from DMU j and 

j0 = the DMU to be assessed. 

SAS offers different implementations of DEA, both input and output oriented. For the objective 

of DEA analysis for aquaculture companies, a DEA has been applied to KPI dataset providing 

analysis of efficiency at batch and farm level. Analysis run separately for the two species. 

The set of chosen variables for this first application includes, 2 variables for inputs and 1 for 

outputs. Their formulas are reported here below:  

¶ INPUT1: [ Degree day total (Stocking ς 50) + Degree day total (Stocking ς 50) + Degree day total 

(50-150) + Degree day total (150-250) + Degree day total (250-400) + Degree day total (400-800) 

] / [ Date end of period (DD/MM/YY) (400-800) ς Date of stocking (dd/mm/yy) (Stocking) ] 

¶ INPUT2: [ Feed delivered (kg) (Stocking ς 50) + Feed delivered (kg) (50-150) + Feed delivered 

(kg) (150-250) + Feed delivered (kg) (250-400) + Feed delivered (kg) (400-800) ] / 1000 

 

¶ OUTPUT: Harvesting  (biomass ς kg) (250-400) + Harvesting  (biomass ς kg) (250-400) 

 

 

The results of the efficiency are reported at batch level; for the analysis of DEA at farm level, a 

transformation has been calculated using a weighed aggregated sum of batches. 

Dashboard are reported in SAS VA in 4 web pages: i) Batch efficiency; ii) Batch frontier; iii) 

Farm/Batch efficiency; Statistics by efficiency. 
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Cluster Analysis  

Cluster analysis is a multivariate statistical tool useful for classifying different objects, on the 

basis of a set of measured variables, into homogeneous groups (called clusters) in such a way 

that similar objects belong to the same group. The similarity between two objects is captured 

by a distance metrics (eucledian, Manhattan etc.). Many linkage criteria (simple linkage, 

complete linkage, average linkage etc.) are used in order to combine groups of clusters at each 

iteration. One linkage criterion is given by the increase iƴ ǾŀǊƛŀƴŎŜΣ ƪƴƻǿƴ ŀǎ ²ŀǊŘΩǎ ŎǊƛǘŜǊƛƻƴ 

¢ƘŜ ²ŀǊŘΩǎ aƛƴƛƳǳƳ-Variance. It looks at an analysis of variance problem, instead of using pure 

distance metrics or measures of association and involves an agglomerative clustering algorithm. 

Lƴ ²ŀǊŘΩǎ aƛƴƛƳǳƳ-Variance Method the distance between two clusters is defined by: 

 

 

 

 

 

 

Three separate cluster analysis has been applied on three sets of data concerning:  

¶ Mortality 

¶ FCR (Feed Conversion Ratio) 

¶ SGR (Specific Growth Rate)  

with a total of six cluster analysis for the two species. 

For SGR and FCR the variables included in the cluster analysis are:  

¶  Batch at fixed body weight classes Stocking-50g (% day-1) 

¶ Batch at fixed body weight classes 150-250gr (% day-1) 

¶ Batch at fixed body weight classes 250-400g (% day-1) 

¶ Batch at fixed body weight classes 400-800/harvested batches (% day-1) 

For Mortality the variables included in the cluster analysis are:  

¶ Estimated number of dead fish at day 3  from stocking (n) (Stocking) 

¶ Estimated number of dead fish at day 10 from stocking (n) (Stocking) 

¶ Total mortality (n of dead fish) (Stocking ς 50) 

¶ Total mortality (n of dead fish) (150-250) 

¶ Total mortality (n of dead fish) (250-400) 

¶ Total mortality (n of dead fish) (400-800) 

This distance between two clusters is the ANOVA sum of squares between the two clusters 

added up over all the variables. At each generation, the within-cluster sum of squares is 

minimized over all partitions obtainable by merging two clusters from the previous generation. 

The sums of squares are easier to interpret when they are divided by the total sum of squares 

to give proportions of variance (squared semipartial correlations).  
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Methods used to identify a good number of clusters involved both the main criterion like CCC, 

Pseudo F, Pseudo T-Squared. In addition, the hierarchical treemap based on the R-squared 

helped to visualized a useful number of clusters (Figure 17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Example of dendrogram in the cluster analysis 
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Life Cycle Assessment (LCA) 

The LCA methodology is the most widely used international standard for calculating the 

environmental impacts of products or services. It consists in in defining the dimension of a good 

(e.g. a weigh unit of fish) and in quantifying both the resources necessary to produce it and the 

waste produced along the production process.  Input and output flows of the system are then 

rebuild within a virtual model by a dedicated calculation software that applies specific 

conversion coefficients to convert each single flow component into the equivalent contribution 

to a given environmental impact. 

PerformFISH has implemented the LCA in the PerformFISH SAS® Visual Analytics,to calculate and 

benchmark the carbon footprint referring to the grow out phase of sea bass and sea bream from 

stocking up to commercial size.  

The LCA includes the main input and output flows in order to assess the relative environmental 

impact to produce 1 kg of live fish. The carbon footprint measures the contribution of the 

system to the global warming and makes possible a comparisons among fish farms, to identify 

the main source of impact and report on CO2 produced. 

 

Methodology 

¶ The PerformFISH LCA has been implemented through the following step: 

¶ i) Screening of the farming system 

¶ ii) Definition of the scope (system boundaries, functional unit, cut-off rules, ...) and 

identification of the data to be collected 

¶ iii) Development of the analogical model with SimaPro software for the calculation of 

the carbon footprint  

¶ iv) Nesting the LCA in PerformFISH SAS Analytical Tool, testing and first validation of 

results 

The carbon footprint will be calculated based on real production data, provided by the 

companies, related to feed efficiency, consumption and other characteristics, biomass 

produced, average commercial size, energy consumption and waste production. The 

PerformFISH data entry web interface will provide the users with specific fields to be filled for 

the calculation of carbon footprint through SAS Analytical Tool. 
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4 Results  

 

4.1  Hatchery 

4.1.1 Dataset Analysis 

The hatchery KPI dataset includes data on 67 sea bass and 89 sea bream juveniles batches (total 

of 156 batches for the hatchery production system). Data have been collected from 7 hatcheries, 

belonging to 5 companies and affiliated to 5 Producer Associations. The hatchery database is 

referred to an overall production of around 1328 million of stocked larvae. Most hatcheries used 

RAS systems for larval culture (62% of batches) and about 30% of batches are farmed in partially 

recicrculated systems (Table 12). Hatchery batches are mainly stocked during the natural period, 

from November to February (45%, Figure 17).  

On average, 5.2 million of sea bass larvae and 11.0 million of sea bream larvae are stocked in a 

batch. Sample size description of the hatchery database is shown in the following tables (Tables 

12, 13). 

 

Table 12: Sample size description of hatchery database 

SAMPLE SIZE (n) Sea Bass Sea Bream Overall 

Associations 5 5 5 

Companies 6 5 5 

Farms 6 6 7 

Batches 67 89 156 

Total larvae at 1 dph (millions) 346.5 981.4 1,327.9 

Total number of rearing unit 441 617 1058 

Average number of rearing unit per farm 6.6 6.9 6.8 
    
Average number of batches per farm 11.2 14.8 22.3 

Average number of larvae at 1 dph (millions) 5.2 11.0 8.5 

 

Table 13: Number of hatchery batches according to production technology 

  Sea Bass Sea Bream Overall 

Production technology Batches Farms Batches Farms Batches Farms 

Open water system 5 1 8 1 13 1 

Partial recirculated system 30 2 16 1 46 2 

Recirculated system 32 3 65 4 97 4 
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Figure 18: Percentage of larval stocked batches by operation system (left) and by period (right) 

 

The time distribution of batches provided by the hatcheries ranges from end of 2015 up the end 

of 2020 (Figure 19). The average cycle length at hatchery, from stocking to 2400dd has been 

registered as 124 days for sea bass and 117 days for sea bream. In figure 20 the cycle length of 

all batches is displayed. 

 

 

  
Figure 19: Hatchery ς time distribution and 
duration of batch cycles (sea bass top, sea 
bream bottom) 
 

Figure 20: Hatchery ς cycle lengths (sea bass 
top, sea bream bottom) 
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4.1.2 Hatchery Total Productivity 

Survival estimation (H6) and discarded juveniles for spinal deformities (H8) and their trend over 

time (degree days, dd) are reported in Figure 21 On average, the percentage of survival larvae 

is around 50% in both species at 1200dd and it decrease to about 40% at 2400dd. Overall, 

percentages of discarded fish for spinal deformities are very low, ranging 0-5% in both species. 

Largest percentages are reported at the end of the cycle (i.e. 2400 degree days), especially 

regarding sea bass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: ±ŀƭǳŜǎ ŀƴŘ ǘǊŜƴŘǎ ƻŦ {ǳǊǾƛǾŀƭ όIсύ ŀƴŘ ά{Ǉƛƴŀƭ ŘŜŦƻǊƳƛǘƛŜǎέ όIуύ ƻǾŜǊ ǘƛƳŜ όŘŜƎǊŜŜ 
days) in sea bass and sea bream hatchery larvae. 
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4.1.3 Fish Growth 

Average body weight (H11) and SGR (H12) and their trend over time (degree days, dd) in sea 

bass and sea bream hatchery larvae are reported in figure 22. As expected, average bodyweights 

increase over time (from 0.3g to 2.5g and from 0.4g to 2.0g on average in sea bass and sea 

bream, respectively). Conversely, SGRs decrease significantly over time, especially in sea bream. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Values and trends of Average body weight (H11) and SGR (H12) over time (degree 
days, dd) in sea bass and sea bream hatchery larvae  
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4.2 Pre-grow data analysis 

 

4.2.1 Pre-grow data analysis 

Pre-grow database includes data on around 40 millions of fish stocked in a total of 50 batches. 

Data have been provided only by 2 pre-grow farms, belonging to 2 companies and affiliated to 

2 Producer Associations. The database is mainly composed by sea bream batches (90%), while 

only 5 sea bass batches compose the dataset. The size of the pre-grow database is described in 

detail in Table 14. 

The average number of stocked fish in a batch of sea bass and of sea bream are about 0.50 and 

0.83 millions, respectively. Results are reported for the 45 sea bream batches, being the number 

of sea bass batches very low and not suitable for descriptive statistical analysis. 

 

Table 14: Sample size description of pre-grow database. 

OVERALL SAMPLE Sea Bass Sea Bream Overall 

Associations 1 2 2 

Companies 1 2 2 

Farms 1 2 2 

Batches 5 45 50 

Total stocked fish (millions) 2.5 37.4 39.9 
    
Average number of batches per farm 5.0 22.5 25.0 

Average number of stocked fish (millions) 0.50 0.83 0.80 

 

Table 15:Value of KPI analysed for sea bream batches. 

Sea bream 
 

FCR  SGR  T-Mortalities %  Slow grower fish %  Deformed fish % 

 
1.36* 2.77 1.0 3.7 10.9 

      
*limited to one farm data 

 

The overall 45 sea bream batches registered an average SGR of 2.77 % day-1 and mortalities were 

limited to an average of 1% (Table 15), while the slow grower fish discarded during farming cycle 

accounted for an average of 3.7%. The quantity of deformed fish in the sea bream batches 

registered an average of 10.9%. 

Although the data collection outlined a wrong data entry for the feed quantities from one of the 

two farms, the average food conversion rate registered for the 18 sea bream batches of the farm 

that provided reliable data was calculated as 1,365 (Figure 23). 
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Figure 23: Boxplot of SGR and Total mortality values in sea bream juveniles during pre-grow 
phase. 
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4.3 Grow out  

 

4.3.1 Data set info 

The largest dataset is for Grow out production, which includes data on about 72 million farmed 

fish, stocked in 206 batches of sea bass and sea bream. Overall, data have been provided by 19 

farms, belonging to 8 companies and affiliated to 4 Producer Associations.  

Overall of a total of 112 sea bass and 94 sea bream batches, a single batch of larvae is managed 

as for about 0.3 million of sea bass and 0.4 million of sea bream , as single batch. The most 

common production technology is the marine floating cage used by 17 farms (97% of batches), 

whereas land based open flow through and marine submersible cages are used for few batches 

by other two farms: five and two batches, respectively. A detailed description of the sample size 

of the grow out database is provided in the following Tables 16 and 17. 

 

Table 16: Sample size description of grow out dataset 

SAMPLE SIZE (n) Sea Bass Sea Bream Overall 

Associations 4 4 4 

Companies 8 8 8 

Farms 17 16 19 

Batches 112 94 206 

Total stocked fish (millions) 33.6 38.1 71.7 

Total number of rearing unit  200 239 439 

Average number of rearing unit per farm 1.8 2.5 2.1 
    

Average number of batches per farm 6.6 5.9 6.3 

Average number of stocked fish per 
batch (millions) 

0.3 0.4 0.3 

Average BW at stocking (g) 7.7 6.1 7.0 
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Table 17:  Number of grow out batches by zone  

 Zone 1 Zone 2 Zone 3 Zone 0 

Sea bass 37 31 43 1 

Sea bream 41 23 29 1 

Total 78 54 72 2 

 

With regards to farm database, containing information collected on annual basis, the 

environmental dataset includes 27 records, provided by 7 farms, belonging to 4 companies and 

affiliated to 3 Producer Associations. The antibiotic dataset includes 89 records, provided by 5 

farms, belonging to 4 companies and affiliated to 3 Producer Associations, and the antiparasitic 

dataset includes 87 records, provided by 5 farms, belonging to 4 companies and affiliated to 3 

Producer Association data (see Table 17). 

The time distribution of the batches related to the grow out system ranges from end of 2014 till 

the beginning of 2021 (Figure 24). The length cycle of the grow out batches, from stocking to 

400 grams was dependent on the geographical distribution of the farms, corresponding to 

different temperature zones.  

The average cycle length of batches, to reach 400g, is 634, 487 and 465 days in zone 1, 2 and 3 

respectively of (Figure 25). 

  
Figure 24: Grow out - time distribution, 
duration of batch cycles (sea bass top, sea 
bream below) 

Figure 25: Grow out - cycle length, zone 1 
top, zone 2 middle, zone 3 below 

 

In Figure 26 an example of the cycle length analysis aggregated by zones for batches 400-800g 

is s displayed.  

Most of the grow out batches are stocked in the second and third quarter (Figure 27), 49 sea 

bass and 44 sea bream in the second quarter and 37 sea bass and 40 sea bream batches in the 

third quarter, for an overall, accounting for more than 80% of the stocked batches. This confirms 

the advantage of stocking in these two quarters to take advantage of the higher sea water 

temperatures in spring and summer. 
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Figure 26: Bar plot of cycle length by zones in sea bass 

 

 

 

 

 

 

 

 

 

Figure 27: Bar charts of batches distribution by quarters; the whole dataset on the left, an 
example farm on the right 
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4.3.2 Losses KPIs 

Losses represent an important component of production costs for MMFF sector. 

This set of KPIs measure the total mortality, as the counted losses due to all possible causes, the 

mortality by specific disease (virus, parasite, bacteria) and the unaccounted losses, as fish not 

found and not counted due to cannibalism, predators, escapes, or other reasons.  

From the point of view of the productivity, also the discharged fish at slaughter (e.g. damaged, 

deformed, emaciated, etc.) are considered in the count of losses. All above losses contribute to 

the KPI for total losses. 

Losses represent a substantial proportion of economic loss in sea bass and sea bream industry 

and also represent a key constraint to Mediterranean aquaculture growth. Benchmarking losses 

and mortalities using KPIs will provide a different insight on the impact of diseases, allowing 

companies to better address health and management issues. 

The distribution of total losses KPI (G6) in sea bass and sea bream is show in Figure 28 while 

unaccounted losses (G5) are also measured as the percentage of fish not found and not counted 

as known mortality. Unaccounted losses may be due to loss for cannibalism, unaccounted 

escapees, predator (birds, fishes, reptiles or mammals) other causes.  

Total losses (G6) represent the percentage of fish not found when counted (during handling, 

harvesting, sorting-counting, vaccinating) compared with the initial number of fish stocked (i.e. 

sum of mortalities, discarded fish and unaccounted losses). Both unaccounted and total losses 

can be positive or negative numbers: the first indicates that a lower number of fish than 

expected is found at the end of the cycle; the latter indicates that a greater number of fish than 

expected is found at the end of the cycle. Negative values can occur due to a conservative 

overestimation of losses (escapees or mortalities) during the production cycle and a consequent 

number of harvested fish higher than expected as final balance. 

For most of the batches, unaccounted losses range between approx. -5% and +5%, and total 

losses between approx. +5% and +25%, in both species. Average values of G5 and G6 are 

reported in Table 18. 
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Figure 28Υ 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ Dр ά¦ƴŀŎŎƻǳƴǘŜŘ ƭƻǎǎŜǎέ ŀƴŘ Dс άǘƻǘŀƭ ƭƻǎǎŜǎέ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ 

production cycle in sea bass (blu) and sea bream (green). 

 

Table 18: Average percentages of total and unaccounted losses at the end of the cycle in sea 
bass and sea bream. 

 

 

 

 

 

 

 

 

End of cycle Total losses 

(%) 

Unaccounted losses 

(%) 

Sea bass 15.1 0.45 

Sea bream 17.5 1.22 
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Mortality after 3 and 10 days 

At stocking, mortality associated to the transportation, seeding procedure and during 

acclimation practices is an important component of losses in the period. Transportation from 

the hatchery to the grow out site may last several hours if not days, mainly conducted with the 

use of fish transportation tanks on trucks while acclimation to the new open sea environment 

occurs when fish are introduced from the transportation tanks to the cages. Good management 

practices need to be applied during these phases to minimize stress and injuries and safeguard 

fish health and welfare. 

Mortality at 3 days has been registered to impact for 0.5% for sea bass and 0.8% for sea bream 

(Figure 29), while at 10 days mortality increases up to 0.8% for sea bass and 1.3% for sea bream 

(Figure 30). 

 

 

 

 

 

 

 

 

 

 

 

Figure 29: Boxplot of mortality after 3 days by species (sea bass, sea bream) 
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Figure 30: Box plot of total mortality after 10 days for sea bass and sea bream 
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Total mortality by period 

The distribution of Total Mortality (G1) KPI, by period and cumulated over the period is reported 

in figure 31 and figure 32 for sea bass and sea bream. At the end of the cycle, the cumulated 

mortality in sea bass and sea bream is approximately on average 11.6% and 13.81%, 

respectively. Greater mortality incidences are observed at the initial period, especially between 

stocking and 50g in both species (Figure 31). Over time, Total mortality distributions tend to be 

more concentrated at lower values (Figure 32).  

 

Sea Bass 

  
Sea bream 

  
Figure 31Υ 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ YtL όDмύ άaƻǊǘŀƭƛǘȅέ ōȅ ǇŜǊƛƻŘ ŀƴŘ ŎǳƳǳƭŀǘƛǾŜ ƻǾŜǊ ǘƛƳŜ 
(weights) in sea bass and sea bream 
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Sea bass 

 
 
 
Sea bream 

  

Figure 32Υ 5Ŝƴǎƛǘȅ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ǉǳŀǊǘƛƭŜǎ ŦƻǊ ǘƘŜ YtL όDмύ άaƻǊǘŀƭƛǘȅέ ƛƴ ǎŜŀ ōŀǎǎ ŀƴŘ ǎŜŀ 
bream 

 

An example of mortality cumulated by period for sea bass farmed in Zone1 is reported with the 

breackdown of the mortality registered in each period (Figure 33). 



 D7.5: Final Impact Assessment Report on KPIs   

52 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Stacked bar plot of total mortality by period for sea bass 

 

Total mortality (G1) elaboration by geographic zones show a have a major impact on the warmer 

zone 3 that in zone 1. Cumulated mortality over the period registered in batches farmed in Zone 

3 has an average value of  13% and 19 % in sea bass and sea bream respectively. While in Zone 

1 cumulated total mortality in sea bass and sea bream is at around 10%, for both the species. 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Box plot of total mortality by zones 

 

 

Mortality by disease 

From the data collected from the TLPs, the impact of diseases on mortality (G6) seems to be 

very low, being recorded, as cause of mortality in 2.3% of batches of sea bass and 2% of sea 

bream (Figure 35). Rather, this appears to be due to a ignorance or reticence from some of the 

producers participating in the data collection, to exactly report the occurrence of a pathogen 
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disease on their batches. This should be avoided in next data collection, to reduce the possible 

inconsistency between mortality data registered on farms and mortality attributed to a specific 

diseases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 35: Mortality by disease in sea bass and sea bream batches 
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4.3.3 Growth KPIs 

Three T-KPIs are used for benchmarking the growth performance  of farmed sea bass and sea 

bream: the Specific Growth Rate (SGR, G13), the Grams Per Day (GPD, G14) and the Thermal 

Growth Coefficient (TGC, G15); these are critical management tools in fish grow out production, 

because they return an immediate information about the growth performance of cultured fish. 

Growth rate represents a key parameter in aquaculture, as it is directly linked to production 

costs: the faster the fish will grow during the rearing period, the shorter will last the cycles, 

resulting in a reduction of labor required to complete the production, a reduction of indirect 

costs accountable to each cycle (e.g. depreciation of equipment used for the cycle) and an 

increased production capacity of the farm. 

The TGC is a growth performance indicator more directly influenced by the overall farm practices 

and management decisions and, on a lesser extent, influenced by the water temperature 

registered in the site. Example of analyses of the growth-related KPIs across zones are reported 

below. 

In Figure 36, TGC, GPD and SGR for the entire cycle are reported per species and per zone. Some 

examples of how these KPIs are analysed and displayed in the analytical tool are reported from 

figure 37 to figure 40.  

The average value of SGR cumulated for the entire cycle registered for all the batches of sea bass 

is 0.64 % day-1 while for the batches of sea bream the growth was faster with an SGR of 0.73 % 

day-1  

The average values of TGC, cumulated for the entire cycle, for sea bass was 0.48 g/DD and 0.55 

g/dd for sea bream, while the average values recorded for GPD were 0.74 g day-1 for sea bass 

and 0.78 for sea bream. 

The highest values of TGC, GPD and SGR were recorded in zone 3, followed by zone 2, whereas 

the lowest were recorded in zone 1. The statistical comparisons between zones revealed that 

differences in TGC were not statistically significant, whereas significant differences across zones 

were found for GPD and SGR (p-values of Kruskal-²ŀƭƭƛǎΩ ǘŜǎǘ ғ лΦл5). In particular, GPD and SGR 

were significantly lower in zone 1 than in the others. 

  



 D7.5: Final Impact Assessment Report on KPIs   

55 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 36: Distribution of TGC, GPD and SGR in sea bass and sea bream across zones  

Note: Red dots denote when differences are statistically significant, i.e. p-values of Kruskal-²ŀƭƭƛǎΩ ǘŜǎǘ ғ 
0.05; yellow dots denote the mean values 

 

 

 

 

 

 

 

 

 

 

Figure 37: Treemap diagram for a farm. The size of the batch (area of the polygons) with the 
value of the selected KPI (in showed case for SGR). 
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Figure 38: Boxplot of SGR of all batches reported per zone (sea bass) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39: Boxplot of SGR of all batches reported per zone (sea bream). Statistical values are 
displayed in a popup. 
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Figure 40:  Trendline of SGR of sea bream batches reported per period.  
Note: Example with three trendlines for SGR value of all farms in the dataset, the value of my farm and 
one single batch selected on the right selection menu 
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4.3.4 Feed efficiency 

Fish feed is a major factor for aquaculture sustainability, as it affects the quality and costs of 

production, environmental impact and use of natural renewable resources. 

Two Technical-KPIs were selected for benchmarking the feed efficiency of farmed sea bass and 

sea bream. These include the economic feed conversion ratio (FCR, G16), calculated as the ratio 

of feed intake to weight gain and the biological feed conversion ratio (FCRbio,G17) which also 

includes the biomass of lost fish.  

In this group is also reported the KPI Feed intake (FI, G18) which indicates the amount of feed 

daily eaten by a single fish over the period and is used also for welfare KPI calculation as a feeding 

behaviour trait. 

Figure 41 displays the distribution of feeding-related KPIs over time (weights) in sea bass and 

sea bream: i.e. FCR and Bio FCR.  

The latter is calculated taking into account the biomass lost during the cycle as biomass gained 

from feed conversion. As expected, Bio FCR is slightly lower than FCR in both species, across the 

periods. Both FCR and Bio FCR are significantly higher (p-value < 0.05) at the end of production 

periods (i.e. 150g-250g and 250g-400g) than at the beginning (i.e. Stocking-50g and 50g-150g). 

The average value recorded for the FCR in the whole dataset was 2.24 for the sea bass and 2.26 

for the sea bream, while the Bio FCR was, as expected, slightly lower, 2.09 for sea bass and 2.12 

for sea bream. 

The average feed intake values calculated for the whole dataset of sea bass and sea bream were 

respectively 1.63 and 1.72. 

In Figure 41, as example of analysis from the analytical toolbox, the values of FCR for sea bream 

per Zone and it is visible a slightly lower value of this indicator for zone 3 whilst the higher value 

is recorded in zone 2. Figures 42 and 43 provide an additional example of the boxplots 

representing the descriptive statistics of FRC and Bio FCR for both sea bass and sea bream.  
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Sea bass 

 

 

 

 

 

 

 

 

 

 

Sea bream 

 

 

 

 

 

 

 

 

 

Figure 41: Distribution of FCR and Biological FCR  in sea bass and sea bream by period (weight 
classes)  
Note: Red dots denote when differences are statistically significant, i.e. p-values of Kruskal-²ŀƭƭƛǎΩ ǘŜǎǘ ғ 
0.05; yellow dots denote the mean values 
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Figure 42: Boxplot of FCR of sea bass batches by zone 

 

 

 

 

 

Figure 43 Boxplot of FCR by species (sea bass, sea bream) 
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Figure 44 Boxplot of Bio FCR by species (sea bass, sea bream) 
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4.3.5 Vaccination 

Optimizing fish vaccination strategy reduces the antibiotic use and mortalities, resulting in 

better fish welfare, reduced impact on ecosystem and higher food security lowering the risk of 

antibiotic resistance. The impact of fish vaccination against Vibrio anguillarum, Photobacterium 

damseale piscicida and Betanodavirus (Viral Nervous Necrosis ς VNN) was investigated for both 

sea bass and sea bream (G8 ά±ŀŎŎƛƴŀǘŜŘ ŦƛǎƘ ς ōȅ ŘƛǎŜŀǎŜέ KPI). Among T-YtLǎΣ ά±ŀŎŎƛƴŀǘŜŘ ŦƛǎƘ 

ōȅ ŘƛǎŜŀǎŜέ ƛǎ ŦǳǊǘƘŜǊ ƻƴŜ ƻŦ ǘƘŜ ф ²ŜƭŦŀǊŜ YtLǎ ό²-KPIs) used for the welfare scoring.  

Vaccination strategies are related to different factors including the susceptibility of fish species 

against a certain pathogens, epidemiological data in the farming area, costs of vaccination. 

Based on data provided by companies, more than 80% of sea bass batch resulted vaccinated 

against V. anguillarium; about 61% against P. damselae and about 21% against Betanodavirus 

(Figure 45). Conversely less than 10% of sea bream batch is vaccinated vs V. anguillarum, 16% 

against P. damselae and no batch resulted vaccinated against Betanodavirus. 

The trendline of total mortality displayed the potential positive effects of vaccination. For 

instance, sea bream batches vaccinated against P. damselae have high survival rate compared 

to not vaccinated batches (Figure 46), as well as in case of sea bass farm with vaccinated batches 

against Betanodavirus (Figure 47). 

Vaccines and vaccination were addressed in WP3 and improved Betanodavirus (bath) vaccine, a 

trivalent IP vaccine (Betanodavirus + P. damselae piscicida + V. anguillarum) have been improved 

against Photobacteriosis in WP3 and are currently under test (Fioravanti et al., 2022). Benefit 

from these new vaccines can be addressed over time through the PerformFISH SAS Analytical 

Tool. 
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Figure 45: Chart of vaccination against disease (Vibrio anguillarum, Pasteurella. damseale and 
Betanodavirus) in sea bass batches 

  

P. damseale Betanodavirus 

V. anguillarum 
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Figure 46: Trendline of total mortality in sea bream farms stocking vaccinated and non-
vaccinated batches against Pasteurella damseale 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 47: Trendline of total mortality in sea bass farms stocking vaccinated and non-
vaccinated batches against Betanodavirus 
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4.3.6 Dependency on treatments 

The use of medicated treatments represents a critical issue in all livestock productions, including 

aquaculture, with implications for animal health and welfare, food safety and human health and 

environmental sustainability. Several scientific opinions have been produced over last years, 

highlighting the importance of monitoring the antimicrobial use (AMU), the evaluation of risks 

related to antimicrobial resistance (AMR) and the need of more transparency and cooperation 

among different stakeholders. 

A description of the number of antiparasitic and antibiotic treatments (G9 and G10, respectively) 

is reported in Table 19. These two T-KPIs are further part of the 9 Welfare KPIs (W-KPIs) included 

in the Welfare Scoring System. 

On average, less than one antibiotic and antiparasitic treatments are given to sea bass batches 

along the grow out cycle; similarly, less than one antibiotic treatment resulted for sea bream 

batches, whereas 1.3 antiparasitic treatment per cycle are reported in sea bream (Table 19). 

Most of sea bass batches do not receive any antibiotic treatment nor antiparasitic treatment 

over the grow out cycle. Only 29% of sea bass batches received 1 antibiotic treatment over the 

whole production cycle and only 14%  of sea bass batches is treated with antiparasitics (Figure 

48). In case of sea bream, 50% of batches received 1 antibiotic treatment and 42% antiparasitics 

treatments at least one time during the grow out cycle (Figure 49). Most of antibiotic treatments 

occurs during the first rearing phase up to size of 50g and are only rarely reported in fish at 

commercial size from 250g to 800g (Figure 50). Antiparasitic treatments resulted more frequent 

in sea bream batch compared to sea bass (Figure 51). 

The new PerformFISH SAS Analytical Tool (v.2), has further implemented and simplify the data 

collection system on dependency of treatments, also in order to deal with the Commission 

Regulation 2021/578 with regard to requirements for the collection of data on the volume of 

sales and on the use of antimicrobial medicinal products in animals and Commission Regulation 

2022/209 establishing the format of the data to be collected and reported in order to determine 

the volume of sales and the use of antimicrobial medicinal products in animals. 

As veterinary antibiotics identified by PerformFISH to be used on sea bass and sea bream fall in 

the category ά!ƴǘƛōŀŎǘŜǊƛŀƭǎ ŦƻǊ ǎȅǎǘŜƳƛŎ ǳǎŜΥ vWлмέ όwŜƎΦ 9¦ нлнмκртуύΣ ǘƘŜ ǿŜō ƛƴǘŜǊŦŀŎŜ ŦƻǊ 

data collection has been modified accordingly taking into account the different codes of 

antibiotics. 

The new implemented system will contribute to increase the transparency of the sector on the 

use of therapeutants in MMFF sector, allowing farmers to actively contribute to the reporting 

activities required by law. 

PerformFISH allowed an important step forward for estimating the dependency of treatments 

for sea bass and sea bream aquaculture sector thanks to the collaboration of scientist with the 

aquaculture companies and producer Associations across EU. Results from the benchmarking of 

dependency of medicated treatments will contribute to improvement the antimicrobial use for 

disease control and to evaluate the potential effect of sea bass and sea bream aquaculture in 

increasing risks for the environment and human health. The selected KPIs will further allow the 

benchmarking with other animal food sectors, with potential benefits on consumers perception 

for aquaculture products.   
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Table 19: Average values for ά¦ǎŜ ƻŦ ŀƴǘƛǇŀǊŀǎƛǘƛŎ ǘǊŜŀǘƳŜƴǘǎέ ŀƴŘ ά¦ǎŜ ƻŦ ŀƴǘƛōƛƻǘƛŎ 
ǘǊŜŀǘƳŜƴǘǎέ KPIs in sea bass and sea bream 

 

ANTIBIOTIC AND ANTIPARASITIC TREATMENTS Sea bass Sea bream 

Number of batches 111 95 

Antibiotic treatment per batches (n) 0.44 0.93 

Antiparasitic treatment per batches (n) 0.16 1.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48: Antibiotic and antiparasitic treatments by batch in sea bass 
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Figure 49: Antibiotic and antiparasitic treatments by batch in sea bream  

 

 

 

 

 

 

 

 

 

 

 

Figure 50: Average number of antibiotic treatments administered by period in sea bass and 
sea bream during the grow out cycle from stocking to 800g 
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Figure 51: Average number of antiparasitic treatments in sea bass and sea bream during the 
whole grow out cycle 
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4.3.7 Statistical analysis 

The PerformFISH Analytical Toolkit implemented a dedicated section for smart visualization of 

statistical analysis of Technical KPIs in order to compare the performance of single farms in 

respect to all farms and to make comparison of single batches belonging to the same farm. The 

ǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭ ƛƴŎƭǳŘŜǎ άcorrelation matrixέ ƻŦ ¢-YtLǎ ŀƴŘ άcomparison tablesέ ōŀǎŜŘ ƻƴ 

Wilcoxon Test for Losses, Growth, Feed and Treatments KPIs. Examples are reported in figures 

52, 53, 54. 

 

 

 

 

 

 

 

 

 

 

 

Figure 52: Correlation matrix for T-KPIs (left) and correlation between Total mortality and 
Total Losses (right) in sea bass batches over the production cycle.  
Note: The level of correlation among T-KPIs changes from strong (dark green) to weak (light green). 

 

 

 

 

 

 

 

 

 

 

 

Figure 53: Correlation matrix for T-KPIs (left) and correlation between SGR and FI (right) in sea 
bream batches over the production cycle. 
Note: The level of correlation among T-KPIs changes from strong (dark green) to weak (light green). 
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Figure 54: Statistical analysis by Wilcoxon Test. Example with dependency on antibiotic and 
antiparasitic treatments for sea bass batches in a selected farm.  
Red icon: significantly worst; Yellow icon: equal; Green icon: significantly better than the average values 
of KPI (!ƭƭ CŀǊƳǎ ʰҐлΣлрύΦ 
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4.3.8 Welfare score 

PerformFISH designed and implemented a Welfare Scoring System for sea bass and sea bream 

(BBW-Tool) based on non-invasive Operational Welfare Indicators (OWIs), including the set of 

Welfare KPIs. The tool is linked to the PerformFISH KPI benchmarking system and it can provide 

metrics for benchmarking based on actual production data. The BBW-Tool was implemented in 

two steps by ISPRA as it was not yet implemented by CNR in the D4 Science VRE (D7.2, D7.4). 

BBW-Tool prototype (v.1) 

The prototype of the BBW-Tool (v.1) applied the Adjusted MazziottaςPareto Index (AMPI) 

combining data from 9 W-KPIs. The BBW-Tool was tested and validated on real production data 

(190 batches, 66M fish) deposited by LTPs in the first digital KPI database. Examples are reported 

in Figure 55 and 56). 

 

 

 

 

 

 

 

 

 

Figure 55: Example of Welfare Score Index (AMPI) of sea bass farms for the initial grow out 
phase (left) and the whole cycle (right) (Petochi et al., 2021) 

 

Figure 56: Example of Welfare Score Index (AMPI) of sea bass (green dots) and sea bream (blue 
dots) batches farmed in net pens (Petochi et al., 2022). 

 

70

80

90

100

110

120

130

W
-I

n
d

e
x

Welfare of sea bass and sea bream batches

F1
105.3

F7
103.5

F2
102.3

F6
101.5

F5
101.3

F4
100.4

F3
98.8

F9
98.0

F11
96.1 F10

93.9
F8

93.2 F12
89.9

70

80

90

100

110

120

130

W
-I
n

d
e

x
(A

M
P

I)

Sea Bass Welfare - Farms
(stocking-50g)

F1
105.1 F2

103.1
F3

101.9
F4

101.9 F5
100.4

F6
100.3

F7
98.8

F8
97.9

F9
97.8 F10

94.9
F11
94.4

F12
93.2

70

80

90

100

110

120

130

W
-I
n

d
e

x
(A

M
P

I)

Sea Bass Welfare - Farms
(stocking-harvest/800g)

Sea bass Welfare - Farms (stocking-50g) Sea bass Welfare - Farms (stocking-

harvesting 800g) 



 D7.5: Final Impact Assessment Report on KPIs   

72 
 

The merit of this validation was twofold; it proved the robustness and validity of the statistical 

approach followed and the appropriateness of the tool even when a subset of OWIs are used 

(9/23); it demonstrated that welfare assessment and benchmarking is embedded in the overall 

KPI benchmarking system for MMFF sector. 

The methodology and BBW-Tool was subsequently implemented in the PerformFISH KPI system 

in SAS® Visual Analytics for smart, easy and real-time welfare benchmarking and comparisons 

among batches and farms. 

An example of the Welfare Score Index (WSI) embedded in the PerformFISH Analytical Tool is 

reported in Figure 57 The tool was implemented for analysis by species, by period and at farm 

and batch level. 

 

 

Figure 57: Examples of Welfare Score Index for sea bream by period (top) and cumulated at 
the end of grow out cycle, size 800g (bottom).  
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BBW-Tool (v.2) 

The second release of the BBW-Tool (v.2) was fully implemented with 23 OWIs (including the 9 

W-KPIs) selected by experts through the on-line welfare survey (Deliverable 3.6). For each OWI, 

the weight was assigned in the model based on degree of suitability expressed by experts. For 

statistical elaboration of the model, data were analysed with both Weighed Mazziotta Pareto 

Index (WAMPI) and Weighed Geometrical Means (WGM). The analysis of the WAMPI vs WGM 

computed on a simulated dataset for the 23 OWIs confirm that the ranking obtained with the 

two methods are comparable (Figure 58) confirming the robustness of WAMPI approach. 

 

 

Figure 58: Welfare Score Index of sea bass and sea bream by farm and for closed cycles. 

Comparison of WAMPI and WGM statistical methodologies.  

 

The validated BBW-Tool represents a smart and flexible non invasive tool, informative of 

different area of welfare, based on direct (animal-based) and indirect OWIs that allows to 

reach clear and easy interpretation of results.  

The BBW-Tool is addressed to the industry in order to monitor and benchmark welfare of sea 

bass and sea bream and set target of improvements; to the Producer Associations to integrate 

animal welfare in Code of Conduct and responsible practices; to the Certification bodies and 

retailers to set welfare standards based on OWIs; to the NGOs in order to enhance public 

awareness on more sustainable aquaculture productions. 


































