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1 Summary

The Final Impact Assessment Report on Key Performance Indicators (KPIs) relies on results and
implementation of thePerformFISH KPI benchmarking systdbata on KPIs for farmed sea bass

and sea bream and their impact on production, the environment, fistianeeand efficiency are
reported using the KPI dataset, including 411 production batches provided by 20 Mediterranean
aguaculture companies across 28 farming sites in 5 EU Med countries.

The system integrates a set 8% auditable KPapplied in the thre main production systems:
hatchery, pregrow and growout. 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, fdasuand 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 tRerformFISHSA® Visual Analyticsystem

(version 2) used for farmed sea bass and sea bream and its three main compond(®s: 1.

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

web system has been developetcollaboration by ISPRA and the fivtN2 RdzOSNR Q ! aa2 OA |
using SAS Visual Analytics software. It is currembigted at the National Environmental

Information System (SINA) in ISPRA.

The new digital system allows the data collection, analysis and visualization of performance of
sea basand sea bream farms and the MMFF sectoris itomposed 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 usageigsofor

Farms, Companies and Associations and dashboards to perform KPI analysis in in a anonymous
and secure working environment.

The Analytical Tool is currently based Iihdashboardgogether with a user guide: Dataset

info, ii. Lossesiii. Growth, iv. Feed v. Vaccination vi. Dependency of treatmentsii. Statistical
analysis viii. Welfare Score Indexx. Clustering analysisx. Data Envelope Analysis (DER)
Environmentxii. Life Cycle Assessment (LOAE system uses a fridly 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 leagoss Mediterranean basins. The system
further implements the Welfare scoring system for sea bass and sea breamt(@B\Which is

based on a validated set of 23 Operational Welfare Indicators (OWIs), that are modelled using a
composite indicator andeport 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, prgrow and growout phase, and providanalyisis and statistiosf

most impatant KPIs for the MMFF sector. Data are elaborated in relation to spepasfic
differences and other relevant farming factors (e.g. day degrees, farming zone, stocking
period..).

The PerformFISH KPI system will help in implementing managementoeslut 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 B Aquaculture Strategic
Guidelines (COM (2021) 236 final). Thanks touthigue collaboration between scientists and
the aquaculture industryin sharing data, information and knowledge, the performance of the
MMFF sector have been assessed for the firsetusing common metrics and KPI

The SA®Visual Analytic$ool is available for all sea bass and sea bream companies in GFCM
countries, forTLR of PerformFISH and othEtJ norEU Mediterranean producesshich have
not yet accessed to v1, asdase 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 issustainableand the current COVID
19 pandemic has bought this deficiency to the forefront (Guillen et al, 2019; Minkoff, 2022).

Todaythe Mediterranean Marine Fish Farming (MMFF) sectmtributes significantly to wealth

and job creation in rural ancbastal areas in 10 Mediterranean EU countries. Production volume
wasover 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 2028wever, 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.

200000
180000 i Slovenia
160000 u Montenegro
140000 m Malta
° 120000 ® France
g 123003?) u Albania
60000 H Cyprus
40000 M Italy
20000 M Croatia
0 M Spain

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figurel: 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 20P020 and decrease from CARG +3,1% caknlilaver the period
20002020, thus indicating a stagnant period for MMFF sector (FiShSTAT, 2022). Data analysis of
production volume for 202@o not show clear impact of pandemig(029%) respect to 2019,

whilst the impact of energy crisis is stillie computed in coming data.

With respect to EU member states, marine finfish production is dominated by farmed gilthead
sea bream and Europeaea basin Mediterranean countries like Spain and Greece. From 2008
to 2020the production of these two specigncreasefrom 142,000 tonnes to 188,000 tonnes.
Interestingly, at the same time, total production of these two species, from all Mediterranean
GFCM countries including ndéflJ states, increased from 280,000 tonnes to 480,000 tonnes,
largely due to growthin Turkey.
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Compound Annual Growth Rate (CAGR) for GFCM countries is much higher than EU, being
+6.44%in the period 2012020 and +85% in the period 2062020. Main producer country is
Turkey, with 28656 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 EUaquaculture production 98,739 186,224
Compound Annual Growth Rat2000-20 3.22%
Compound Annual GrowtliRate2010-20 2.09%
Total GFCMguaculture production 138528 482607
Compound Annual Growth Rat2000-20 6.44%
Compound Annual Growth Rat2010-20 7.35%

The stagnation in production does not seem to be a consequence ofasegdidbility. In fact,
during the same period (2068018) juvenile production of gilthead sea bream and European
sea bass in Ebased hatcheries increased about 10%, from 740 million to 820 million jusenile
produced (Apromar, 2019).

Despite this apparertmited 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 speh G201+t 2F endyd o0Af fok Bogsting Bel 6 SSy H 7
aquaallture sectore H M N 1 edpyeShglykd in the sectoand €122,000 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 incigggstomplex
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 (eggy feed, juveniles..gnd 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 devel@piddind innovative solution

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

and competitive EU aquacultufer 2021-2030, issued in 2021. The guidelines promote better
environmental performance of EU aquaculture activities, as well as the diversification of EU
aguaculture towards an aquaculture with a lower carbon footprint and lower impact on the
SYPANRPYOYSYKE IdZARSEAySa F2fft26a GKS DSYSNIf 202
specific objective 1: More sustainable and competitive fisheries and aquaculture byaR@24

specific objective 2: A sustainable blue economy generating sustainable ecatex@icpment,

220a& YR LINRPALISNARGE o0& Hnun FYyR O2y(iNRO6dziSa :
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
aguaculture while addressing social and environmental responsibility and contributing to food
security, Blue Growth and SDGs. The project pesvitie PerformFISHey Performance
Indicatorssystem (D7.1) and aligital tool PerformFISH SAS® Visual Analbiased on Key
Performance Indicators (KPIs), to analyse and report on performandeledlfiterranean
companies and to identify sources of efficiency/inefficiemcprioduction cycle$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 seatmperations 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 farnginpractices of fish farming companies as
frame for the new Code of Conduct for Mediterranean Fish Farming sé&tat)(

The 2nd Project Review Consolidated Report (November 2020) recognized the KPI
benchmarking system as an important and innovative tawl the fish farm industry that
daddresses the industry need for standardization and at the same time it can help industry to
produce more in an more environmentally respectful évay

The Management Committee of PerformFISH (2021) agreed thatdistry 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 theersion 2 of thaligital system of PerformFISPerformFISISA®Visual
Analytic{VA) in collaboration bySPRA and N2 R d20sddiaIbasAPIAPROMAR, FGI@CE
CAASKAMN) specifically for sea bass and sea bre@his second version is specifically designed
for sea bass and sea bream farms operating in marine net jystens,from stockingup to final
harvest (boundariesYhe SAS VA v.2 is a smart and friendly tool forcollect, storageyisualize

and analyse production data and KPIs collected at batch and farmbigweszich company. KPI
analysis report oriechnicalefficiencyof different batcheson welfare of farmed fishand on
environmental performances. It is available for the whole MMFF sector, including sea bass and
sea bream farms and companies operating in GFCM countries.
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2.1 The KPIs system in a rsitell

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 regatfiengonstruction

of the KPI system please consult the D7.1. A short description is prdyédtedto facilitate the

reading of D7.5.

TheKPlsystem integrates a set of 55 Key Performances Indicators (KPI) applied in the three main
production systems: hatary, pregrow andgrow out(Table2).

The set of KPIs was chosen from a basket of more than 200 KPlIs, according tojied#ic

and attributes: i) build on farm datacollected in routine cycles; iinked to critical successful
factors @rowth, hedth, feed, welfare, environment iii) simple to measure and easy to
understand SMART criteria)

Table2: PerformFISH KPIs for Mediterranean Fish Farming Sector
Hatchery Pre-grow Grow-out Tot

KPI (n) 15 5 35 55

KPI (%) 27 2 64 100

The PerformFISH KPIs belondoator categories Table3):

1 Key Technical Performance Indicat¢i€=sKPIl, n=30) for ranking biological
performances of batches and technical efficiency;

1 Key Economic Performance Indicat(EEsKPI, n=2) for estimating productivity
and efficiency of aquafarms;

1 Key Operational Welfare Performance Indicatg/§EKPI, n=9) to assess
welfare at different life stages and in relation to different culture systemd
husbandry practices.

1 Key Environmental Performance Indicai@bl\VKPI, 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 ecologitatifdp

Table3: PerformFISH KPIs categories, according to dimension

TE-KPI Ec-KPl  WE-KPI E-KPIs
KPI (n)* 35 2 9 14
KP1 (%) 58 3 16 23 100

10
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The KPI benchmarking system relies on the raw production and environmental data collected
on farm site usingtandard Operating Procedures (SOHR)order to ensure a consistent data
collection process among different LTPs. In order to ensure a corréatashelysis and KPI
computation among different farms, a parameterization of data collection at fixed intervals has
been agreed within the PerformFISH Consortiumvolving farm managers, the Industry
Technical Expert Committee ITEC and WP leaders andestiststo be applied in different
production systems.

Hatchery

15 KPIs were validated IBRerformFISH Consortium (Tal)e Datacollection was performed at
batch level and parameterized according to the degree days(dd) registered in the farm at:

- Stockirg, 500 ddend 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

Table4 : Hatchery KPIs

KPI: Hatchery Total Productivity

H1 Weaned fish

H2 Deformed fish

H3 Discarded slow grower fish

H4 Fish produced

H5 Fish produced per FTE employees
H6 Survival estimation

H15 | Vaccinated fish by disease

KPI: Fish Deformities

H7 Head deformities

H8 Spinal deformities

H9 Fin deformities

H10 | Swim bladder non inflation

KPI: Fish Growth

H11l | Average Body Weight (ABW)
H12 | Specific Growth Rate (SGR)

KPI: Live Feed Requirements

H13 Artemia requirement
H14 | Rotifer requirement

11
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Pre-grow system

5 KPIs were validated by PerformFISH Consortium (Balbatacollection was performed at
batch level and parameterized on two fixed periods:

- Stocking; End of prgrow cycle

Each pregrow batch was identified according to three possible stocking periods

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

Table5: PreGrow KPIs

KPI: Pre-grow Total Productivity

P1 Deformed fish
P2 Discarded slow grower fish
P3 Mortalities - total

KPI: Fish Growth

| P4 | Specific Growth Rate (SGR) |

KPI: Feed Efficiency

| P5 | Feed Conversion Ratio (FCR) |

Grow outsystem

30 KPls (Tabé®, 7) were validated by PerformFISH Consortiiamgrow 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 companias fan 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 tife 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 1509
ABW; from 1519 to 250g ABW; from 401g to 800g ABW
Each batch was also identified according to the period of fish stocking (Quarters):

- 1st Quarter = JanuaryMarch; 2nd Quarter = April June;
3rd Quarter = Julg September; 4th Quarter = OctobeDecember

Three Mediterranean climatic zones were idéetl using time series of Sea Surface
Temperatures (SST) from Copernicus Marine ServiceNiISYIH he average seasonal SST and
the average yearly SST were calculated from time series dataset. A georeferred

12
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Mediterranean SST map was delivered H9RS8, including three zones: Zone 1 (Nakthst

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

out farms were then classified according to these three main climatic zones and data analysed
also according to thiSST parametrization.

Table6: Grow out¢ Technical KPlIs
KPI: Fish Losses

G1 Mortalities - total

G2 Mortalities — by disease

G4 Mortalities first 10 days after transport and stocking
G5 Unaccounted losses

G6 Total losses

G7 Discarded fish at slaughter

KPl: Dependency on treatments

G9 Number of antiparasitic treatments (total & by disease)

G10 | Number of antibiotic treatments (total & by disease)

G11 | Amount of active compounds - antiparasitic (total & by disease)
G12 | Amount of active compounds - antibiotic (total & by disease)

KPI: Fish Growth

G13 | Specific Growth Rate (SGR)
G14 | Grams per day (GPD)
G15 | Thermal Growth Coefficient (TGC)

KPI: Feed Efficiency

G16 | Feed Conversion Ratio (FCR)
G17 | Biological Feed Conversion Ratio (FCRgo)

Table7: Grow out¢ Welfare KPIs

KPI: Fish Welfare

G1 Mortalities - total

G3 Mortalities first 3 days after transport and stocking

G4 Mortalities first 10 days after transport and stocking
G8 Vaccinated fish — by disease

G9 Number of antiparasitic treatments (total & by disease)
G10 | Number of antibiotic treatments (total & by disease)
G18 | Feed Intake (Fl)

G19 | Stocking density

G22 | Oxygen depletion persistence days

13
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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) ampldted in the KPI system.

At farm level data collection is performed to get data on economic performance&Hs) and
environmental performances (E#{PIs) on an annubhsis (Table8, 9).

Table8: Grow out¢ Economic KPIs

KPI: Productivity

G20

Biomass produced per number of FTE employees

G21

Biomass produced per volumes of sea water used

Table9: Grow out¢ Environmental KPls

KPI: Environmental

Preservation of biodiversity and habitats KPls

G22 | Oxygen depletion persistence days

G23 | Escapes — Number of episodes

G24 | Escapes — Estimated number of escaped fish (confidential ISAB)

G25 | Endangered marine mammals, reptiles, fishes and birds lethal incidents
(confidential ISAB)

G26 | Phosphorous accumulated in sediment

G27 | Nitrogen accumulated in sediment

KPI: Environmental performances

Use of resources

G28 | Marine space use for farming
G29 | Land use

G30 | Freshwater use

G31 | Energy used

G32 | Fuel (Diesel) used for transport
G33 | Fuel (Diesel) used for other uses
G34 | Total emission of CO,

G35 | Use of renewable energy

KPI G26 and G7 were replaced by to two new-Eks to measure the impact of nutrient
emissions on marine sediment and macrozoobenthic fauna at farming site:

1 G26 Quality of sea sediment (methodolpgy
1 G27 Status of sediment.

14
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In the new version of the KPI system released in 2022, some ¢€Ms\are computed in thafe
Cycle Analysis (LCA) for sea basssaadbreamalong grow out production cycle, at farm (see
3.3.12.

3 Material and methods

This section deeribes the Phase Il of PerformFISH KPI system and it was initially foreseen and
described in the DoA. The vamsi2 of the KPI system has been created on thguest of the
PerformFISH Manageme@ommitteeand with appropriate budget reallocation (see DL9.4,
3.2.2), as new digital tool designed to be more tfsiemdly for aquaculture companies, to allow
compelling graphical presentations of KPI analysis outcamdeto have the capacity to expand

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

3.1 The KPBystemv.2

The new digital system is a performance tool for Mediterranean Marine Fish Farming sector,
RSOSt2LISR Ay O2fttlF 02N GA2Y o0& (AR, ARROMARAEM KS T A ¢
CCECAA, SFAMNsince January 2022 and now hosted in the National Emwiemtal

Information System (SINA, ISPRA). The digital system is compgsadset of application

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

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

Farms, Companies and Associations and dashboards to perform KPI araysiously and

securely

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

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

i) analyse and compare their performances using anonymized data and KPIs
i) participate to the sustainability analysis of MMFF sector.

The PerformFISH KPI systefhvas setup as a platform tiffer the following services

i) I dzASNJ AG2N} 3S RI 4Ko0 2 NR-acteds pdlidy2 NE dza SN a F
ii) a web interfaces allow data input and validation of ugptoaded submission

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

iv) a repositoy 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

15
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3.1.1 The KPI dataset 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 aml 2021. Theransfer of KPI dataséd ISPRAas 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 aggectiv

The transfer of the whole KPI database was concluded on September 2021. It consists of more
than 830 records and around ®@0 production data provided by sea bass and sea bream
companies for years 201221, namely 16 LTPs operating in 28 farmingss#cross the
Mediterranean area and belonging to the 5 European Fish Producer Associations.

Anonymised codes (an alphanumeric string of several characters), unigue identifiers of batch,
farms, companies and producer associations, were replaced with gddDs, 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.

Statisticalanalysis was performed to identify possible outlidfor 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 belowfitst quartilewere
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, impossiti¢adand typo errors were corrected
when possible or deleted.

The final database consists inldfiatches and 6,055 production data collected at individual
batch level for hatchenpre-growand grow systems an2lD5records for data collected at farm
levelduring on growing cycles (Tatle).

Tablel10: KPI dataset number of records and data validated in the database

Sea Bass Sea Bream Overall
Dataset N° of data| Batcheqd Farms| Batcheq Farms| Batcheg 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

16
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Statistical analysis of the KPI dataset

The analysis of KPIs was performed by ISPRA for the three production systems (hptehery,
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 &re carried out for all the batchelated 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 pyeow data;

i) dimensions, ii) quarters, iii) @e, iv) density at stocking and v) vaccination for the grow out
data.

In order to have a firsinsightof 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%gjuarti
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
KPlIs.

To obtain additional information about the distributions, meassiof 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 cgpmarisons 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 radblased norparametric test, i.e. the Krusk&Valis 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 relatioship 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 linegrassion
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-KIPIs)

In order to study how different farms performs, the dataleoted for technical KPIs at batch
level wereaggregatedyy 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 analysisf T-KPIs (losses, feed, growth) at farm level, huvas 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 &tithmean of the
values of KPIs at batch level as aggregated farm data was exttudecid anystatisticalerror.

As an example, for a generic farm which provided data batches, rather than computing the
aggregated Mortalitieg total (H1) as the afimetic 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 ard 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 inaporfor effective network
management and security.

The access to the system is on demand by users registered tolttieastructure.

Use accountality ¢ Users must register on the platform, in order to have an account and the
appropriate access rights the systemUser 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 fr user i
regulated by Terms Of ©s

User accreditation procedureThe 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 infoation on the country, name of the company, name

e surname, email of registered contact person and google accdu. system manager
authorizes the LDAP (Lightweight Directory Access Protocol) authentication system
administrator to create the user accournithe 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¢ The main first component is represented by thelartication 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 therAuthertication dashboard is designed to allow to the
managers the possibility to sefp 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 prtected using industry standard TLS encryption, using the facilities provided by
the web server on the server side and og®88L on the clients.
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To enforce the clienside encryption security in the authentication component a third party
SigleSigrOn (S®) system for MultFactor Authentication (MFA) has been-sg@tusing Google

ID SSO applicatioklsers are usually identified with a user ID, and authentication is performed
when the user provides a correct credential, such as a password, which matchesseit|D

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 Modul&he second componers 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. Theackup 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 occasiokapb@n a
system disconnected from the network.

Data Anonymisatiomm 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.

Anonymizatiomprocess 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 encryptibeme 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 belsthat 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 encryptio for communication between virtual servers on a private connection network.

TheDigital Interface for data entryallows 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 logicatbased 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 tolfieach of the KPlIs 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 tademi
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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Welcome on PerformFISH KPI TOOL
Here you c e

Figure2: Welcome page of the Digital Interface for data entry of the PerformFISH KPI Tool

Two main sections tentry data for KPIshe BATE section, and the FARM section

TheBATCH section collects the whole set of production data for the calculation and arudlysi
TECHNICAL KPIs (losses, feed, growth, welfare, dependency on treatments) at batch level.
Examples of the dashboards used for data entry is reported for batch Bigtaré 3, 4, 56, 7).

Farm Dashboard > Support™  redfarm v

(@p<PerformFISH

.‘ Red Farm 01 TEST | GROW OUT n Analytical taolkit -

FARM DASHBOARD

TECHNICAL ENVIRONMENTAL WELFARE UPLOADED UPLOADED DRAFT
0 BATCHES 0 YEARS 0 YEARS 0 RECORDS O DATA 12 ITEMS

BATCH PRODUCTION DATA €

Technical KP| VIEW + ADD BATCH

FARM PRODUCTION DATA €

Environmental KP VIEW 4+ ADD YEAR
Welfare KP VIEW + ADD YEAR

Figure3: Dashboard data entry: production data collected at BATCH and FARM level
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BATCH PRODUCTION DATA €

Technical KPI

FARM PRODUCTION DATA ©

Environmental KPI

Welfare KPI

Batch production data

VIEW + ADD BATCH

This section refers to data ¢

iction cycle, for the calcu

production batch

VIEW + ADD YEAR
e

0k, got it

Figure4: Dashboard for BATCH. How (add) a batch or access (view) uploaded batch data.

.. Red Farm 01 TEST | TECHNICAL KPI
Add tachaical dat

BATCH ID €&

MUMBER OF STOCKING REARING UNITS) &

ESTIMATED NUMBER OF DEAD FISH AT DAY 3 FROM STOCKING [N) €

i
Figure5:5 a Ko 2 |

ECIES € DATE OF STOCKING @
]
TOTAL VOLUME OF STOCKING REARING UNITIS)
ESTIMATED NUMBER OF DEAD FISH AT DAY 10 FROM STOCKING () ©

|
NR F2NJ . !¢/ 1@ 5FdaF G a{d201Ay3é
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Figure6: Dashboard for BATCH. Example of batch dataentrgidt AT S pn3é

VE AND UPLOAD

|
Figure7.5+ 8 K6 2F NR F2NJ . ! ¢/ 1 & 9EFIYLX S 2F o6F 0K RIGl

The FARM sectias for thedataentry for ENVIRONMENTAL KPlIs (habitat and biodiveusity,
of resources...) and WELFAREIs (staff training, environmental monitoring) on annual basis.

Examples of the dashboards used for data entry are reported for FARMFdgtaes 8, 9, 10,
11).

I BATCH PRODUCTION DATA & I

Farm production data

VIEW + ADD BATCH
basis, for the calculation of enviro 31 and welfare KPIs. It
ncludes different sections r tc ) odiversity,
5€ Of resources, trea il monitoring

FARM PRODUCTION DATA € -

Ok, got it

Figure8: Dashboard for FARM. Example of data enfagdyear) for ENV KPIs and access (view)
uploaded data
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FARM DATA HABITAT & BIODIVERSITY USE OF RESOURCES TREATMENTS

his form is used to collect data on aquaculture interactions with widiife and impact on marine ecosystems

YEAR @

I
[N

NUMBER OF EPISODES OF ESCAPE (N) € ESTIMATED NUMBER OF ESCAPED FISH (N) €

NUMBER OF LETHAL INCIDENTS & TYPE OF ANIMAL &
QUALITY OF SEA SEDIMENT: METHODOLOGY @ QUALITY OF SEA SEDIMENT AT FARMING SITE: STATUS &
AMBI . High status

NUMBER OF DAYS WITH OXYGEN DEPLETION (N) &

Figure 9: Dashboard for FARM. Example of data entry for measure of impact of farms on
Gl rToAdGFG YR . A2RAGSNEAGEE 9bzx YtLa

I BATCH PRODUCTION DATA & I

Farm production data

FARM PRODUCTION DATA @ use of resources, treatments and environmental
Environmental KPI :
Ok, got it

Figurel10: Dashboard for FARM. Example of data entry for Welfare KPI
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FARM DATA ENVIRONMENTAL MONITORING

YEAR @ STAFF TRAINING (%) @

FARM HEALTH MANAGEMENT PLAN (Y/N) € GMP FOR FISH ACCLIMATIZATION AT THE END OF TRANSPORT (¥/N) €

GMP FOR HANDLING, GRADING (Y/N) & GMP FOR FISH CONFINEMENT AND HARVEST (¥/N) &

USE OF SENSORS FOR REMOTE ENVIRONMENTAL CONTROL (Y/N) & REGISTER OF FISH ABNORMAL BEHAVIOUR (FEEDING; SWIMMING) (Y/N) €
USE OF UNDERWATER CAMERAS FOR MONITORING FISH BEHAVIQUR (Y/N) & USE OF ANTI-PREDATOR NETS (Y/N) &

RUNNING PRODUCTION QUALITY CERTIFICATION SCHEMES (Y/N) &

CANCEL { SAVE AS DRAFT } SAVE AND UPLOAD

Figure11: Dashboard for FARM. Exampbé data entry for Welfare KPE a D2 2R Y I y I 3SYSy
t NI OGAOS&aé¢d 5FGF FNB dzZLJRFGS 2y Fyydzrf ol airaos
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3.1.3 PerformFISH Analytical Tool

The Analytical tool is the second component of the digital system and is developeGhSin

Visual AnalyticgBusiness Intelligence Platform of SAS Vilya$ a powerful visual interface,

flexible and intuitive, with multifg statistical analysis and filtering options to analyse the
performances of sea bass and sea bream aquaculture trough Kiglseg(11). The system is
currently available for ongrowing cycles of Europeaa bassind Giltheadsea breanin marine

ySi LISyao ¢KS &S{ S& af KPid far Med@eFanddBMalimisB Fatnng A &  a
(MMFF) Secta@r(Deliverable 7.1).

The SAS®&/Ais used to create dashboards and visualize KPI analysis. The system extracts
production data from the PostgreSQL DB as an input and perform computational anaiggis

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.

PerformFISH

Analytical Tool

Figurel2: Welcome page oB5AS® Visudlnalytics

Data analysis generates charts based on anonymized information. Tables containing
Fy2y@YAT SR AYyTF2NXIGA2YS 6AGK GKS SEOSLIIA2Y F2N
batches, and associations IDs areastmnymized, whereas all the athdata are reported with

UUIDsEach 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 rtually perform the same benchmarking.

The navigation is implemented in SAS Drive@ and organized dastboards Kigure 13),
according to the categories of KR statistical tools.
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SAS® Drive

New Report w

Search

&

User Guide Dataset Info

i

Losses

)

Vaccination

Dependency of
Treatment

Statistical Analysg

-

Clustering

Fll!!!HH

I —

Welfare Score
Index

e O
©Q%

Environment

V.

Figurel3: SAS® DRIf& PerformFISH navigation

FISH

The statistical tool is based on tIBAS® VA and SAS® Statigtidstakes advantage of all its
capabilities for statistical analysis and visual reportinbhe system uses a friendly set of
statistical tools tofacilitate aquaculture companies to generate performances analysis of sea
bass and sea bream on farm. Provide remoralysis oKPIsat batch, farm and company level
and compare efficiencyf companies across the Mediterranean basin.

Currently, the dathase available iPerformFISH SAS® Visual Analydicomposed by more

than 70000 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
geographiZones for Mediterranean area

T Zone 1: avg. SST<=19; Zone 2: 19&87<=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 Maginvices (CMEMS) recorded

over the period 200€015. 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 tempexae profile Figurel4).
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SAS® Visual Analytics - Explore and Visualize

Analytical Toolkit - My Farm S @M . 1 |

Species
D, labrax

S Number of Farms Number of Batches Number of Fishes My Farm - Number of Batches

18 203 71M 18

Quarter

[ ] Quarter 1

|_| Quarter 2
[ ] Quarter 3

|_| Quarter4

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, additgonal

zones should be included in the system to cover area with avg. SST>22 and avg. SST>24. These
are climatic conditions commoiound in Southern and Eastern Mediterranean waters, where

sea bass and sea bream companies located irBldountries,.sch as North Africa and Turkey,

are operating.

Three main navigational menus are availahlPerformFISH SAS® Visual Analgfficsirel5):

1) The upper top taly, these tabs allow the navigation between pages for analysis of
Technical KPIs (e.g. losses, dglgweed, treatment) and other statistical tools and
models used for analyze farm efficiency (DEA), fish welfare (Welfare score) and
environmental performances (LCA)

2) Selection tabelow the upper top tabs): these tabs allow the selection of different
chatts andgraphicsand statistics to be displayed (e.g. boxplots, trendlines, treemaps,
etc.)

3) KPI selection tafon 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:

Specieszonesquarter filter: these functions are available in the blue box on thie $&e 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 amag ¢hart 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.

Categorygroup 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 selectionthese filtering functions are available in the blue box on the right side of pages,
it allows the selection of single or multiple batctiesde plotted in the chart.
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KPIselection tabs Upper top tabs Analysis selection tabs

SASE Visuel Analytls - Explore and Visualze

Analytical Toplkit - My Farm

Snarciac < | Growth - Batch Overview | Growth - Boxplot | Growth - Trendline | Growth - Performeter | >

] D. labrax Canao

[ 5. aursta Box Plot of the selected KPI tegory
O Quarter
() Species
() Zone

Zone

] Zone 1

[ Zone 2 @

[ ] 2one 3 o by Farm
All Farms

ﬂ ‘
= = [ =
—— E+8 = F*H

Quarter

[ Quarter 1

[] Quarter 2
[] Quarter 3

[] Quarter 4

Filtering options

Figure15: Example of navigation tabs and the filter system to analyze and compare dataset
for each KPI

KPI Statistical Analysis

5 aKo2FNRa RAaLIX e RAFTFSNByG GeLlsSa 2F OKIF NI a

for any KPI and allonstatistical analysis dhdicators at different level of aggregation: batch
level, farm level and company level. Users, in any of thassitzdl 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 Big(rel5):

T Simple and stacked bar plots: provide summary statistics (average means or
absolute/relative frequencies) of a quantitative variable between levels of a categorical
variable;

f Treemaps compare the units wessstudying according to two variabl@gsK S NBX OlG | y 3 €
areaexpresse§ KS aAT S 2F | @I Nhldudhe Gluds pifhe seéobd NB O

variable by unit.

1 Boxplots show the variability of a quantitative variable around the median value of a
distribution, with black dots indicating the mean value;

1 Trendines allow the analysis of a quantitative variables moves over time;
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1 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 angtical 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 (gkmn)
to the worst (redcolour) situation for any specific case.

1

Statistical coefficients ansts involved in the analyses are:

)l

Correlation coefficients are a statistical tool to test a linear correlation between two
quantitative variables. The lower theyalue associated to the correlation coefficient,
the higher the probability that the corration coefficient is not 0.

The Wilcoxon testisandnlr N} YSGNR O G22¢t GKI
not possible to guarantee the normal assumption for the distributions.

Zone
Zone 1
[] Zone 2

Zone 3

Quarter

(] Quarter 1
Quarter 2
Quarter 3

[] Quarter4

AllFarm
0,4%

My Farm
0.2%

Selected Bateh

0.1%

-

Jependency of Trestments Seatissical Anslyses Environment

iod

O02YLJ NBa

.osses KPls - Boxplot  Mortality - Trendline | Montality by Peried | Montality by Disease | >
o colos

Batch
Selection

My Farm
All Farms.

[ BGOO2
BGO14
BG038
BG040
BG045
BG046
BGO74
[] BGO77
[] BGOB4

BGO91

Figurel6: 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 BBWitool), efficiency (DEA) anenvironmental 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
MMHF- sector.

A stepwise process was planned and implemented to create the first \&Wedfare Scoring

system for European sea bass and gilthead sea bréBB\Wtool) based on a validated set of

Operational Welfare Indicators (OWIs), including t&lfare KPIs (Deliverable 7.1). The
development and validation of the BBWW2 2f A4 RSAONAOSR Ay 58t AOBSNI
aaSaairy3a gSEFINB Ay aaCCé o

Briefly, the BB\WI' ool is a hofinvasive and smart solution tssess the welfare of fish batches

and farms along thegrow out cycle.It has been implemented in PerformFISA® Visual

Analyticsfor data collection, analysis, visualization and benchmarkiiige BBWTool 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 KRI¢-KPIs)
iii. definition of suitability criteria for Operational Welfare Indicators (OWIs)

iv. choseof 14 additionalOWIs through an online welfare consultation and expert judgement
within PerformFISH Consortiyto beintegratein the BBWToolfor the dfferent dimensions of
welfare.

v. test ad validation of the BBWool on the WKPIs by applying multiimensional composite
indicators, combining different indicators to reach a comprehensive Welfare Score Index (WSI)

vi. implementation of the BBW ool inSA®Visual Analytics: prototype version (v.1) based on
W-KPIs;

The overalWelfaredatabasenclude OWIs for thdifferent areas of welfare: health, behaviour,
growth and feed, housing, environmenise of GMPs and certifications, staff training and
technological innovationToday the BBWool is part of SA® Visual Analytics has been
implemented in the 2 version ¢.2), including the whole set of KPIs and OWIs.

The set of Welfare indicators include bothdirect/animal-based indicators (43%) and
indirect/environmental-management based indicator§57%),quantitative indicators (61%)
andqualitative indicators(39%)(Table11).
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Tablell: List of 23 Operational welfare Indicators (OWIs) for the BBWOI.

Selected animabased and environmental/managemerbased OWIs for the BBWool for the grow out phase
(n. 23)

Quantitative OWIs (n14) Qualitative OWIs (n. 9)

1 Mortalities-total * 1 Farm Health Management Plan

1 Mortalities first 3 days after transport an{ 1 GMP for fish acclimatization at the end of transport
stocking *

1 Mortalities first 10 days after transport an{ 1 GMP forhandling, grading

stocking *
1 Mortalities by diseases 9 GMP for fish confinement and harvest
1 Vaccinated fislg by disease *  Use of sensors for remote environmental control
1 Number of antiparasitic treatments * 1 Register of fish abnormal behaviour
1 Number of antibiotidreatments * 1 Use of underwater cameras for monitoring fig
behaviour
1 Feed Intake (FI) * 1 Use of antipredator nets

1 Stocking density at the end of cycle/harvést | 1 Running production quality certification schemes

1 Discharged fish at slaughter

1 Injuries at slaughter

1 Frequency of monitoring of environmentg
parameters

1 Oxygen depletion persistence days *

1 Staff training

*Welfare KPIs (VWKPIs)

The BBWT ool allows metric comparisons of fish welfare during growing cycles at batch level
and for farms and companies. The BBWbI applied theAdjusted MazziottgPareto Index
(AMPI).AMPI is one of the most used composite indicators, applied in sefiedd to measure
complex multidimensional phenomena in the field of quality of life and-imeithg of citizens,
environment, food sustainability and for monitoring EU Member States score on SDGs of the
Agenda 2030. The tool provides a single overall \Welfécore Index (WSI) to rank the fish
welfare status. The Score ranges between 70 and 130.

In the prototype version (v.1)of the BBWTool, the WSI was calculated on selected KPIs using
the AMPI which requires data normalization and equal weighting ofntieators (Mazziotta
and Paret92016).

Theversion 2(v.2) of the BBWToolwas developed ifPerformFISEBAS®&A and calculate the
welfare indexof farmed sea bass and sea breasing awWeighted version of the AMPihdex
(WAMP] Mazziotta andPareto, 202) 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(FStidev.(R_i E C\E _i, where Mean(Ri),
St.dev.(Ri) and\Care the weighted mean, the weighted standard deviation and coefficient of
variation, respectively, computed by rows on the normalized matrix&s&t of basic indicators
includes 9 WKPIs, 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 OWiIs.

The results of weighted AMPI, computed on a sirtadawhole 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 twmethods are comparable.

The BBWIool 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 Mediterranearbasin

Efficiency by Dat&nvelopment Analysis (DEA)

Data Envelopment Analysis (DEA) is a linear programming method for assessing the efficiency
and productivity ofDecisionMaking UnitgDMU) DMUsare units of organizations and usually
uses a set of inputs (resources) to secusetof outputs (products).

59! dzaSa fAYSIN LINPINIYYAYy3I (cSupityektraiaStghtlii 2 a Sy @S
as possible. One main advantage of DEA is that it allows several inputs and several outputs to

be considered at the same time. Indltase, 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 proposedhgrnes, Cooper, Rhodes (1978)
the efficiency of the DMU j0 is defined as follows.

Model 1. Qutput oriented - CRS model

Max h
s.t.
Zﬂ“jxu +57 =Xy, Vi
Z:)Ljylj -8 :hyrjo Vr
S .8 =0 Vi, Vr
2,20 Vi.
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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jO =the DMU to be assessed.
If h* is the optimum value of h, then D0 is said to be Pareto

Model 2. Input oriented - CRS model

Min ¢

s.t.

Zﬂjxﬂ + 87 = ox; Vi
;

72!
+
w
v
=
=
<
-

Where;

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

yrj = the amount of the rth output from DMU j and
jO = 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 datasktgprovid
analysis of efficiencagt batchand farm level. Analysis rigeparately fothe two species.

The set ofchosen variable$or this firstapplicationincludes 2 variables for inputs and for
outputs. Their formulas are reported here below:

T INPUTZ: Pegree day total (Stockingb0) + Degree day total (Stockig§0) + Degree day total
(50-150) + Degree day total (1550) + Degree day total (2810) + Degree datotal (400800)
]/ [ Date end of period (DD/MM/YY) (4@D0)¢ Date of stocking (dd/mm/yy) (Stockinp)

1 INPUT2: Feed delivered (kg) (Stockingh0) + Feed delivered (kg) (@360) + Feed delivered
(kg) (156250) + Feed delivered (kg) (2800) + Feeddivered (kg) (40@00) ]/ 1000

T OUTPUTHarvesting(biomass; kg) (256400) + Harvestingbiomassg kg) (256400)

The results of the efficiency are reported at batch level; for the analysis of DEA at farm level, a
transformation has beepalculated 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 rultivariate statistical tool usefulof classifying different objectsn the

basis of a set of measured variablegp homogeneous groups (called clusters) in such a way
that similar objects belong to the same group. The similarity between two obgcdaptured

by a distance metrics (eucledian, Manhattan etdfany 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 increaée i3l NA | yOSZ (1y26Yy |
¢ KS 2 | NR Q¥ariande¥f lboXsdalvan analysis of variance problem, instead of using pure
distance metrics or measures of association and involves an agglomerative clustering algorithm.
Ly 2 | NRQavararfcgiathodzife distance between two clusters is defined by:

Q¢

xg —xL|?
Dkr = BgL = Ik = X217 : 1|
Nx T NL
Ifd(x,y) = %HX — y||?, then the combinatorial formula is

_ (Nj+Ng)Dyjg +(Ny+Np)Djr —NyDgL

D
IM Ny + Nag

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

1 Mortality
1 FCR (Feed Conversion Ratio)
1 SGR (Specific Growth Rate)

with a total of six cluster analysis fdre two species.
For SGR and FCR the variables included in the cluster analysis are:

1 Batch at fixed body weight classes Stocls0g (% dayl)

1 Batch at fixed body weight classes 130gr (% dayl)

9 Batch at fixed body weight classes 28109 (% dat)

1 Bath at fixed body weight classes 4800/harvested batches (% ddy

For Mortality the variables included in the cluster analysis are:

Estimated number of dead fish at dayfi®m stocking (n) (Stocking)
Estimated number of dead fish at day 10 fretocking (n) (Stocking)
Total mortality (n of dead fish) (Stockig&0)

Total mortality (n of dead fish) (15250)

Total mortality (n of dead fish) (2500)

Total mortality (n of dead fish) (4€8D0)

= =4 -4 —a A -

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 withister sum of squares is
minimized over all partitions obtainable by merging two clusters from theipusvgeneration.

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 clustérvolved both the main aerion like CCC,
Pseudo F, PseudoSiquared. Imaddition, the hierarchical treemap based on thesguared
helped to visualized a useful number of clustéfgurel?).

Cluster Analysis

i

10 08 08 0.4 02 00
F-Squared

Figurel7: Example of dendrogram in the cluster analysis
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Life Cycle Assessment (LCA)

The LCA methodologyis the most widely used international standard for calculating the
environmental impacts of products or services. It consists in in defining the dimensaayooti

(e.g. a weigh unit of fish) and in quantifying both the resources necessary to produce it and the
waste produced along the production procedsput and output flows of the system are then
rebuild within a virtual model by a dedicated calculatiooftware 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 PerfornASYisual Analyticso calculate and
benchmark thecarbon footprintreferring 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 reativenmental
impact to producel kg of live fish The carbon footprint measures the contribution of the
system to theglobal warmingand makes possible a comparisons among fish farms, to identify
the main source of impact and report on CO2 produced.

Methodology

1 ThePerformFISH LCA has been implemented through the following step:

1 i) Screening of the farming system

9 i) Definition of the scope (system boundaries, functional unit-aftitrules, ...) and
identification of the data to be collected

9 iii) Development of theanalogical model with SimaPro software for the calculation of
the carbon footprint

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

The carbon footprint will be calculated based on rg@abduction data, provded 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 specifis fielde 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 thbatchery 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 hatchesid

RAS systems for larval culture (62% of batches) and about 30% of batches are farmed in partially
recicrculated systems (Takl@).Hatchery batches are mainly stocked during the natural period,
from November to February (45%, Figure 17).

On average5.2 million of sea bass larvae and 11.0 million of sea bream lareastocked in a
batch. Sample size description of the hatchery database is shothe following tables Tables
12,13).

Table12: Sample sizelescription of hatchery database

SAMPLE SIZE (n) Sea Bas| Sea Brean| 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 (million| 5.2 11.0 8.5

Table13: Number of hatchery batches according pooduction technology

Sea Bass Sea Beam Overall
Production technology | Batches Farms Batcheg Farms| Batcheg Farms
Open water system 5 1 8 1 13 1
Partial recirculated systen 30 2 16 1 46 2
Recirculated system 32 3 65 4 97 4
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Percentage of stocked batches by operation system Percentage of stocked batches by period
100% 50%
20% 45%
80% 40%
o w
50% 30%
40% 25%
30% 20%
20% 15%
10% 10%
0% _— 5%
Recirculated system Partial recirculated Open water system 0%
system Early Natural Late
Operation system Stocking period
" Seabass M Seabream W Sea bass M Seabream

Figurel8: 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 (Figurd9). The average cycle length at hatchery, from stocking to 2400dd has been
registered as 124 days for sea bass and 117 days fdiream. Infigure 20 the cycle length of

all batches is displayed.

013

Figure19: Hatchery¢ time distribution and | Figure20: Hatcheryc cycle lengths (sea bas
duration of batch cycles (sea bass top, s| top, sea bream bottom)
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 reportéu Figure21 Onaverage, the percentage of survival larvae

is around 50% in both species at 1200dd and it decrease to about 40% at 24D\@stdll,
percentages of discarded fish for spinal deformities are very low, rangbfg B both species.
Largest percentages areperted at the end of the cycle (i.e. 2400 degree days), especially
regarding sea bass.

Survival estimation - Sea bass Spinal deformities - Sea bass
D : . <~ °
H g 8
2 Z 3 ™ - s
. E O\Q . :
g g o ° g
o b4 o & 8 8
(S o o . A g g g
Qo O @ 3 3
T T T T T T
1200dd 1800dd 2400dd 1200dd 1800dd 2400dd
Survival estimation - Sea bream Spinal deformities - Sea bream
8- o
3{ ° o “ 3
g 8 o
3 3 © o
T g i o\?- T ° o
S g o o 2
% § @ k3 8
8 B g — 2 @ S
8 g 8
[ & ¢ [ & 3 i
T T T T T T
1200dd 1800dd 2400dd 1200dd 1800dd 2400dd

Figure2l: + | f dzSa | yR GNByRa 2F {d2NIBAGIE olcov YR
days) in sea bass and séaeam hatchery larvae.
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4.1.3 Fish Growth

Average bodyveight (H11) and SGR12)and their trend over time (degree days, dd) in sea
bass and sea bream hatchery larvae are repomdijure 22 As expectedaverage 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.

ABW - Sea bass SGR - Sea bass
<t -
(\") —
N —
O —
T T T T T T
1200dd 1800dd 2400dd 1200dd 1800dd 2400dd
ABW - Sea bream SGR - Sea bream
=t - o 2 — o
) - ¢ i
— o !
’ I, IR
o R © - '
. : i 0 | ! =————|
T % 1 @ : _;_ o
- i g
(e I —t o
T T T T T T
1200dd 1800dd 2400dd 1200dd 1800dd 2400dd

Figure22: 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 Pregrow data analysis

Pregrow database includes data on around 40 millions of fish stockaddtal of 50 batches.
Data have been provided only by 2 gyeow farms, belonging to 2 companies and affiliated to

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

only 5 sea bass batches compose the dataset.sizeeof the pregrow database is described in
detailin Tabé 14.

The average number of stocked fish in a batch oftsess and of sea bream are about 0.50 and
0.83 millions, respectivelfResults are reported for the 4®a breanbatches, being the number
of sea bass batches very low and not suitable for descriptive statistical analysis.

Tablel1l4: Sample size description of pigrow 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

Tablel5:Value of KPI analysed f@ea breambatches.
Seabream FCR SGR T-Mortalities %  Slow grower fish % Deformed fish %

136 277 10 3.7 10.9

*limited to one farm data

The overall 45 seaream batches registered an average SGR of 2.77 Y%@addymortalities were
limited to an average of%(Table 1%, while the slow grower fish discarded during farmiggle
accounted for an average of7®%. The quantity of deformed fish in the se@am batches
registered an average 40.%%.

Although the data collection outlined a wrong data entry for the feed qitigstfrom one of the
two farms, the average food conversion rate registered for the 1&se@m batches of the farm
that provided reliable data was calculated g365 (Fgure 23).
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Figure23: Boxplot of SGR and Total mortality valuessea breamjuveniles during pregrow

phase
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4.3 Grow out

S45# Visual Analysics - Esplorazions e visuslizzazione

Analytical Toolkit - My Farm

PerformFISH

Analytical Tool

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 Aetsuts.

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 threarine floating cag used by 17 farms (97% of batches),
whereasland based open flow through and marine submersible cages are used for few batches
by other two farms: five and two batches, respectivélydetailed description of the sample size

of the grow out database is pvided in the followingiablesl6and17.

Tablel6: Sample size description of grow out daget

SAMPLE SIZE (n) Sea Basg Sea Brean| 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 farrf 1.8 2.5 2.1
Average number of batches per farm |6.6 5.9 6.3
Q;;rﬁ%;i”ril:r:r;)ber of stocked fish p¢ 03 0.4 03
Average BW at stocking (g) 7.7 6.1 7.0
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Tablel7: 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 databasegontaining informaibn collected on annual basishd
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, belomging to 4 companies and affiliated to 3 Producer Associations, and the antiparasitic
dataset includes 8vecords, provided by 5 farms, belonging to 4 companies and affiliated to 3
Producer Association data (séablel7).

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

the beginning of 2021 (Figu&®). 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 (Figureb).

= Stocking - 50 50-150 150-250 250-400 ™ 400-800
Stocking -50  ® 50-150 150-250 m 250-400

Figure 24: Grow out - time distribution, Figure25: Grow out- cycle length, zonel
duration of batch cycles (sea bassp, sea top, zone2 middle, zone8 below
bream below)

In Figure 26 an example of the cycle length analysis aggregated by zobascfars 406B00g

is s displayed

Most of thegrow outbatches are stocked in the second and third quartégyre 27), 49sea
bass and 44 sdareamin the second quarter and 37 sbéass and 40 sdaream batches in the
third quarter, for an overall, accounting for more than 80% of the stocked batches. Tfirsn=
the advantage of stddngin thesetwo quarters to take advantage of the higher sea water
temperatures in spring and summer
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s Analytical Toolkit - My Farm [P IS B
Home User Guide Datasetslnfo  §  Losses Growth Feed inati D of Statistical Analyses Environment Welfare Score Index LcA
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D. labrax
Cyele Lenght by Batch
[] S. aurata
£ All Farms o 135 198 189
2
_ o~ Period
2 50 grams
2 Allfarms 4 95 115 146 509
(] Zone 1 9 o 150 grams
Zone 2 250 grams
[ ] W 400 grams
[] Zone 3 - 800 grams
2 Allfarms 4 104 19 131
N
_ 0 0 0 0 )
0 200 400 600 800 1,000
[] Quarter 1
Days
[] Quarter 2
[ Quarter 3 "Description”
[] Quarter 4

Figure26: Bar plot of g/cle length by zonem sea bass
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G Analytical Toolkit - My Farm WO - iR
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of Statistical Analyses Environment Welfare Score Index LCA
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Figure27: Bar charts ofbatchesdistribution by quarters the whole dataset on the left, a
example farmon 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 KPraeasure the total mortality, as the counted losses due to all possible causes, the
mortality by specific disease (virus, parasite, bacteria) and tteeeounted losses, as fish not
found and not counted due to cannibalism, predators, escapes, or otheomeas

From the point of view of the productivity, alslee 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 substangmbportion of economic loss in sea bass and sea bream industry
and also represent a key constraint to Mediterranean aquaculjmosvth. 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.

Thedistribution oftotal lossesKPI(G6)in sea bass and sdaeamis show in Figure 2&hile
unaccounted losses (Galje alsaneasurel asthe percentage of fish not found and not counted

as known matality. 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, sortig-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 numbersbftfian
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) duttiiegoroduction cycle and a consequent
number of harvested fish higher than expected as final balance.

For most of the batches, unaccounted losses range between apfi#xand +5%, and total
lossesbetween approx. +5% and +25%, in both species. Average values of G5 and G6 are
reported inTable 18
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Losses - Sea bass Losses - Sea bream
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production cycle in sea bass (blu) and sea bream (green).

Table18: Average percentages of total andnaccounted losses at the end of the cycle in sea
bass and sea bream.
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Sebream 17.5
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Mortality after 3 and 10 days

At stocking, rortality associated to thetransportation seeding procedureand during
acclimationpractices is an important component of losses in the pericdnsportation from

the hatchery to the grow out site may last several hours if not days, mainly conducted with the
use of fish transportidon tanks on trucks while acclimation to the new open sea environment
occurs when fish are introduced from the transportation tanks to the cagesd management
practices need to be applied during these phases to minimize stress and injuries and shfeguar
fish health and welfare.

Mortality at 3 days has been registered to ingp#or 0.5% for sea bass an@% for sea bream
(Hgure29), while at 10 dys mortality increases up to 0.8% for sea bass a8 for sea bream
(Hgure 30).

SAS® Visual Analytics - Explore and Visualize

- Analytical Toolkit - My Farm SOOI D |
Home User Guide Datasets Info Losses Growth Feed Vaccination Dependency of Treatments Statistical Analyses > 0O
Species < | Losses - Batch Overview | Losses KPls - Boxplot | Mortality - Trendline | Mortality by Period | Mortality by Disease | »
D. labrax C
atego
M S.zurata Boxplot of selected KPI gory
P
O Quarter
5% © Species
Martality after 3 days =
Y Y () Zone
Zone Mortality after 10 days 4%
] Zone 1 Total Mortality -
[ Zone 2 Mortality by Disease Group
] Zone 3 Discarded Fish at Slaughter 2% O My Farm
Unaccounted Losses i All Farms
Total Losses
Quarter v -
[] Quarter 1 Category (Losses)
] Quarter 2
[] Quarter 3 Black dot in the boxplot indicates the average mean of the selected KPI. Moving with the mouse on boxplots, descriptive statistics (i.e.

mean, st, dev., median, quartiles) are displayed in a summary table .
Multiple comparisons of the KPI: by filtering the KP| distribution by Species, Zone and/or Quarter on the left menu and by cenditioning to
Quarter, Species or Zone on the right menu.

[] Quarter 4

Figure29: Boxplot of nortality after 3 daysby speciesqea basssea brean)
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L] Quarter 4 Multiple comparisons of the KPI: by filtering the KPI distribution by Species, Zone and/or Quarter on the left menu and by conditioning to
Quarter, Species or Zone on the right menu.

Figure30: Box plot of total nortality after 10 days forsea bass ad sea bream
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Total mortality byperiod

FISH

(&

Thedistribution of TotalMortality (G1)KPIpy periodand cumulatedver the period is reported

in figure 31 andigure 32 forsea bass and sea bream. At the end of the cycle, the cumulated
mortality in sea bass and sea bream is approximatelyawarage 1%% and 13.81%,
respectively. Greater mortality incidences are observed at the initial period, especially between
stocking and 50g in both speciésdure 3). Over time Totalmortality distributions tend to be
more concentrated at lower valugBigure 32.
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Figure33: Stacked bar plot of total rortality by period forsea bass

Total mortality(G1) elaboration by geograptaonesshow ahave a major impact on thearmer
zone 3that in zone 1. Gmulated mortalityover the period registered in batches farmed in Zone
3 has araveragevalue of 13% and 19 % sea bass and sea breaespectively While in Zone

1 cumulatedtotal mortality in sea bass and sea bre&ra around10%,for both the species.
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Figure34: Box plot of btal mortality by zones

Mortality by disease

From the data collected from the TLPs, the impact of diseases on mof@bjseems to be
very low, being recordedas cause of mortality i8.3%of batches ofsea basand 2%of sea
bream(FHgure 35). Rather, this appears to be due tagmorance oreticencefrom someof the

producers participating in the data collectioio exactlyreport the occurrence of pathogen
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PerformFISH

disease on theibatches. This should be avoided in next data collection, to reduce the possible
inconsistency between mortality datagistered on farmand mortality attributed toa specific
diseases.
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Multiple comparisons of the KPI: by filtering the KPI distribution by Species, Zene and/or Quarter on the left menu and by conditiening to
Quarter, Species or Zone on the right menu.

Figure35: Mortality by diseasan sea bass and sea bream batches
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4.3.3 Growth KPIs

Three TKPIs are used for benchmarking the growth performanédarmed 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 grdistoutproduction,

because they return an immediate information about the growth performanceutitired 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 cpiate 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#ralbfarm practices

and management decisions and, on a lesser extent, influenced by the water temperature
registered in the siteExample of malyses of the growthelated KPIs across zones are reported
below.

InFigure 8, TGC, GPD and SGR for the entire cycle are reported per species and pSorome.
examples of how these KPIs are analysed and displayed in the analytical tool are reported from
figure 37 to figure40.

The average value of SGR cumulated for the entire cycle registered for all the batsbadass
is 064 % day while for the batches ofea breanthe growthwasfasterwith an SGR of 83 %
day?

The average values of TGC, cumulated for thaeiicle, forsea bassvas 0.48 g/DD and 85
g/dd for sea breamwhilethe averagevalues recorded for GPD were78.g day for sea bass
and 078 forsea 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 SGRvalues of Krusk&l | £ A & Q5). (n PaitidularGPD ahdi SGR

were significantly lower in zone 1 than in the others.
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Figure36: Distribution of TGC, GPBnd SGRh sea bass and sea bream across zones
Note: Red dots denote whetifferences are statistically significant, i.evalues of Krusk&l I f f Aa Q G Sai
0.05; yellow dots denote the mean values
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4.3.4 Feed efficiency

Fish feed is a major factdor aquaculture sustainability, as it affects the quality and costs of
production, environmental imgct and use of natural renewable resources.

Two TechnicakPls were selected for benchmarking the feed efficiency of farmed sea bass and
sea bream. These include the economic feed conversion ratio X8R calculated as the ratio

of feed intake to weighgain and the biological feed conversion ratio (RGRL7) 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 peradt is used also for welfare KPI calculatisra €eding
behaviour trait

Figure 41displaysthe distribution of feedingelated KPIs over time (weights) in sea bass and
sea bream: i.e. FCR and Bio FCR.

The latter is calculatetiking into account the ibmass 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 highialug < 0.05) at the end of production
periods (i.e150¢250g and 250¢4009) than at the beginning (i.e. Stockgg and 50¢.509).

The average value recorded for the FCR in the whole dataset.24$02 the sea bass andZ&
for the sea bream, while the Bio FCR was, as expectgltisliower, 209 forsea bass and 22
for sea bream.

The average feed intake values calculated for the whole dataset of sea liassaabream were
respectively 163 and 172.

InHgure41, as example of analysis from the analytical toolbox, the values of FCR foeasa

per Zoneand it is visible a slightly lower value of this indicator for zone 3 whilst the higher value
is recorded in zone 2Figures42 and 43 provide an additional example of the boxplots
representing the descriptive statistics of FRC and Bidéi@Rth sea bass and sea bream.
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4.3.5 Vaccination

Optimizing fish vaccination strategy reduces ttibiotic use and mortalities, resulting in

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

antibiotic resistanceThe impact ofigh vaccination againstibrio anguillarumPhotobacterium
damsealepiscicidaand BetanodavirugViral Nervous NecrosgsVNN) was investigated for both

sea bass and sea breg@ a + I OOA y¢oieS RR ATRRGMROBETYt LAaX dxF OOAY ! GSF
08 RAASIaS¢é Aa FdzNI K SKBIspuges forthe welfaeSscating2 St FI NB Yt |
Vaccination strategies are related to different factors includheysusceptibility of fish species

against a certain pathogens, epidemiological data in the farming, arests of vaccinatian

Based on data provided by companies, more than 80% of sea bass batch resulted vaccinated
againstV. anguillarium about 61% again®®. damsela@and about 21% againfetanodavirus

(Figure45). Conversely less than 10% of sea bream batch is vaccinatédnguillarum 16%

againstP. damsela@and no batch resulted vaccinated agaiBgtanodavirus

The trendline of total mortality displayed the potential positive effects of vaccination. For
instance sea breanbatchesvaccinatedagainstP. damseladave highsurvival ratecompared

to not vaccinatedatchegFigure46), as well as in case of sea bass farm with vaccinated batches
againstBetanodavirugFigure47).

Vaccines and vaccinatiorewe addressed in WP3 and improvBetanodavirugbath) vaccine, a
trivalent IP vaccineRetanodavirus-P. damselae piscicidaV. anguillarumphave beerimproved
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 PedfsHNEAS Analytical
Tool.
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4.3.6 Dependency on treatments

The use of medicated treatments represents a critical issue in all livestock productions, including
aguaculture, with implications for animhaéalth 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 arimicrobial 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 inTable 19These two IKPIs are further part of the 9 Welfare KPIsK®RIs) included
in the Welfare Scoring System.

On average, less than onetdiotic and antiparasitic treatments are given to sea bass batches
along the grow out cyclesimilarly,less than one antibiotic treatment resulted for sea bream
batches, whereas 1.3 antiparasitic treatmeguer cycleare reportedin sea breanm(Table B).
Most of sea bass batches do not receive any antibiotic treatment nor antiparasitic treatment
over the grow out cycleOnly 29%of sea bass batches received 1 antibiotic treatment over the
whole production cycle and only 14% sea bass batches is treatedtlwantiparasitics Figure
48). In case of sea bream, 50% of batches received 1 antibiotic treatment arahfipétasitics
treatmentsat least one time during the grow out cyckiqure49). Most of antibiotic treatments
occurs during the first rearing plse up to size of 50g and are only rarely reported in fish at
commercial size from 2509 to 80@€qure50). Antiparasitic treatments resulted more frequent

in sea bream batchomparedto sea bassHigure51).

The new PerformFISH SAS Analytical Tool bag)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 anticnobial 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 atibiotics identified by PerformFISH to be usatdsea bass and sea bream fall
thecategoryd ! yiGA Ol OGSNAIFfa F2NJ 428aGSYAO dzaSY vWwWinmé
data collection has been modified accordingly taking into account the diffecedes 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
activitiesrequired by law.

PerformFISH alloveean 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
aguaculture companies and producer Associations across EU. Results from the benchafiarking
dependency of medicated treatments will contributeimprovement 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 salé€Ris 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: Averagevalues fora! &S 2F FYyGALI NI aAGAO GNBLFGYSyGa

i NB I ( KXBIghiseabass and sea bream
ANTIBIOTIC AND ANTIPARASITIC TREATMENT 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
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Figure49: Antibiotic and antiparasitic treatmentsby batch inseabream
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Figure50: 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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Figure51: 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 giswzatization 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
a0FGAa0A Ol fcorélatiant matixg O AR Y& cdimpdrisoritables o6 AaSR 2y
Wilcoxon Test for Losses, Growth, Feed and Treatments KPIs. Examples are reported in figures
52,53, 54.

Carrelation P-Value

0,939 <0,01

Figure 52: Correlation matrix for TFKPIs (left) and correlation between Total mortality and
Total Losses (right) in sea basatches over the production cycle
Note: The level of correlation amongKIPIs changes from strong (dark green) to weak (light green).

S surats SioFCR Correlation P-Value SR

0,255 <0,01

Figure53: Qorrelation matrix for FKPIs (left) and correlation between SGR and FI (right) in sea
breambatchesover the production cycle.
Note: The level of correlation amongKIPIs changes from strong (dark green) to wgigkt green).
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s Analytical Toolkit - My Farm
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Figure54: Statistical analysis byVilcoxon Test Example with @pendencyon antibiotic and

antiparasitic treatmentsfor sea bass batches in a selected farm.

Red icon: significantly worst; Yellow icon: equal; Green icon: significantly better than the avaltese

ofKPIl £t CINXY& hI'nInpo®
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4.3.8 Welfare score

PerformFIStdesigned and implementedWelfare Scoring System for sea bass and sea bream
(BBWTool)based on norinvasive Operational Welfare Indicators (OWIs), including the set of
Welfare KPls. The tool is linked to the PerformFISH KPI benchmarking system and it can provide
metrics for benchrarking based on actual production daihe BBWT ool wasmplementedin

two steps by ISPR&#S it was not yet implemented by CNR in b Scienc¥ RED7.2, D7.9.

BBWTool prototype (v.1)

The prototype of the BBWool (v.1) applied the Adjusted MazziaiRareto Index (AMPI)
combining data from 9 WKPIs. The BBWbol 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 Figure55 and 56).
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Sea bas¥Velfare- Farms (stocking0g) Sea bass WelfareFarms (stocking
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1035102.3101.5 1F5 F4 103.1101.9101.9 F5 F6
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9394, F12 ¥ 944 937
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Figure55: 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)
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Figure56: 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).
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The merit of this validation was twofold; it proved the robustness and validity of the statistical

approach folloved 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
KPIbenchmarking system for MMFF sector.

The methodology and BBWbol was subsequently plemented in the PerformFISH KPI system
in SAS® Visual Analytics for smart, easy andinealwelfare benchmarking and comparisons
among batches and farms.

An example of the Welfare Score Index (WSI) embedded in the PerformFISH Analytical Tool is
reported in Figure57 Thetool was implemented for analysiby species, by period anat farm
and batch level.

by Period Cumulated |

Stocking: 509 Stocking-150g Stocking-250g Stocking-400g Stocking-800g

Welfare index by Farm Welfare index by Batch
farm_id BATCH_ID

D labrax 5. aurata

Analytical Toolkit - My Farm g c) H

#
Harme.

Stocking-50g 50-150g 150-250g 250-400g 400-800g

Walfare index by Farm Walfare index by Batch
farm_id BATCH_ID

Figure57: Examples of Welfare Score Index for sea bream by period (top) and cumulated at
the end of grow out cycle, size 80@gottom).
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BBWTool (v.2)

The second release of the BBWol (v.2) was fully implemented with 23 OWIs (including the 9
W-KPIskelected byexperts through the osine welfare survey (Deliverable 3.&or each OWI,

the weightwas assigned in the model based on degree of suitability expressexpeyts. For
statistical elaboration of the modetiata were analysed with both Weighed Mazziottar&o
Index (WAMPI) and Weighed Geometrical Means (WGM). The analysis of the WANMGM
computed on a simulated dataset for the 23 OWIs confirm that the ranking obtained with the
two methods are comparabld-{gure58) confirmingthe robustness of WAMPI approach.

Figure 58: Welfare Score Index of sea bass and sea brdaynfarm and for closed cycles.
Comparison o/ WVAMPI and WGMstatistical methodologies.

The validated BBWool represents amart and flexible non invasive tool, informative of
different area of welfare, based on direct (animélased) and indirect OWIs that allows to
reach clear and easy interpretation of results

The BBWI ool is addressedtthe 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 OWiIs; to the NGOs in order to enhance public
awareness on more sustainable aquaculture productions.
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