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BRIEF REPORT

Testing of the Salmon Welfare Index Model (SWIM 1.0) as a computational
welfare assessment for sea-caged European sea bass

Hijran Yavuzcan Yildiza , Stavros Chatzifotisb , Panagiotis Anastasiadisb , Giuliana Parisic and
Nikos Papandroulakisb

aSu €Ur€unleri M€uhendisli�gi, Ankara University, Ankara, Turkey; bBiosevmokocίa1 jai Ydasojakkieqcei�xm, Heraklion, Greece;
cDepartment of Agriculture Food Environment and Forestry (DAGRI), Dipartimento di Scienze e Tecnologie Agrarie, Alimentari,
Ambientali e Forestali,University of Florence, Florence, Italy

ABSTRACT
The overall fish welfare in sea-caged European sea bass (Dicentrarchus labrax) was quantitatively
assessed by adapting the Salmon Welfare Index Model (SWIM 1.0). In the model, a total of 16
operational welfare indicators in three segments (i) individual fish-based; (ii) fish-group specific;
and (iii) sea cage environment-specific indicators were evaluated. In this study, the welfare indi-
cators for salmon aquaculture which are incompatible with the characteristics of European sea
bass were modified. Differently from SWIM 1.0, the welfare indicators of smoltification and salin-
ity were eliminated; however, gill integrity and pH were added in the modified model of this
study while the water temperature attributes were also changed in the model proposed. The
modified model was tested for two sea cage farms of European sea bass (Farm A and Farm B)
in two different locations of Mediterranean Sea for the first time. The overall welfare scores
were expressed by a scale from 0-poor to 1-good welfare. The overall welfare assessment calcu-
lated by the model yielded the value of 1.0 and 0.81 for Farm A and Farm B, respectively. Based
on the scores, Farm A represented the conditions of ‘good welfare’ while Farm B gave fair warn-
ing about welfare status. The methodology developed in the SWIM 1.0 model can be applied to
European sea bass in Mediterranean aquaculture with small modifications.

HIGHLIGHTS

� Salmon Welfare Index Model (SWIM 1.0) was utilised for E. sea bass welfare evaluation
� SWIM 1.0 was tested in sea-caged fish from two farms located in Mediterranean Sea
� SWIM 1.0 model can be applied to E. sea bass with small modifications
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Introduction

Fish welfare has been considered as an important elem-
ent of the sustainable aquaculture industry, particularly
for economic and environmental reasons (World
Organisation for Animal Health [OIE] 2019). The concern
for fish welfare has also been increasing for ethical rea-
sons. Public and aquaculture industry concerns provide a
basis for producing agreed standards on fish welfare
(Huntingford and Kadri 2009). The European Union (EU)
has adopted progressive body of legislation on fish wel-
fare with the regulations of Council Directive 98/58/EC,
Regulation (EC) 882/2004, Regulation (EC) 1/2005, Council
Directive 2006/88/EC, Regulation (EC) 710/2009, and
Regulation (EC) 1099/2009. The rules on organic aquacul-
ture animal production (Regulation (EC) 710/2009), also

can be referred in the context of fish welfare concerning
some specific requirements such as stocking density, feed-
ing characteristics and farm management. The European
Food Safety Agency (EFSA) and the OIE have issued rec-
ommendations on fish welfare, particularly for transport,
stunning and killing of farmed fish. Nevertheless, current
regulations and recommendations on fish welfare do not
impose any specific requirements on the farming condi-
tions, transport, or slaughter of farmed fish (Segner et al.
2019). Toni et al. (2019) noted that the absence of
‘optimal’ environmental conditions in Directive 2010/63/
EU is a big problem for monitoring welfare of fish.

Fish welfare is a complex and multidimensional
topic, leading to difficulties in the overall assesment
requiring a multicriteria evaluation (Huntingford et al.
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2006). Currently, there is no gold standard for fish wel-
fare assessment. In fact, the degree to which animals
have or experience the Five freedoms [Freedom from
(a) hunger or thirst; (b) discomfort; (c) pain, injury or dis-
ease; (d) behavioural restrictions; (e) fear and distress] can
barely be assessed quantitatively on a common welfare
scale (Capdeville and Veissier 2001). Even though it has
reached a deep understanding, the assessment of fish
welfare in various aquaculture conditions is challenging.
It is hard to turn the available qualitative information of
welfare status into the quantitative data.

Scientific determination of welfare can be a powerful
tool in welfare assessment for fish. However, this type
of assessment in laboratory requires time-consuming
procedures and high costs. In particular, the evaluation
of fish’s physiological status through scientific measures
such as hormonal levels is impractical to use in farm
conditions, hence operational indicators for fish have
been outlined to assess the fish welfare. Operational
welfare indicators provide an acceptable reflection of
welfare with advantages of repetitive and inexpensive
procedures and convenience to measure on a farm
condition (Noble et al. 2018; Segner et al. 2012, 2019).

In aquaculture, there is a limited number of studies
using a model associated with operational welfare indi-
cators to assess fish welfare. One of the most reason-
able fish welfare assessment methods is the Salmon
Welfare Index Model (SWIM) 1.0, developed by Stien
et al. (2013) for salmon. SWIM 1.0 model is based on
Bracke’s algorithm (Bracke, Metz, et al. 1999; Bracke
et al. 1999a, 1999b) and provides semantic modelling
using operational welfare indicators. The model is tech-
nically convenient because it uses operational welfare
indicators and reflects most of the welfare needs.

The production of European sea bass and gilthead
sea bream represents more than 95% of the total fish
production in the Mediterranean region (EUMOFA
2017). The welfare of European sea bass in sea cages
was not numerically evaluated until now. The lack of
computational welfare assessment may be related to
the absence of strategy aiming at achieving OIE stand-
ards in E. sea bass aquaculture.

The aim of the present study was to test the
semantic model previously developed for salmon
(SWIM 1.0) to assess the quantitative welfare status in
E. sea bass (D. labrax).

Material and methods

The study was adhered to Directive 98/58/EC on pro-
tection of animals kept for farming purposes and EU
publication on common practices at slaughter.

Operational welfare indicators

A total of 16 operational welfare indicators were ana-
lysed in three segments: fish-based; fish-group specific,
and sea cage environment-specific indicators. Fish-
based indicators were: condition factor, emaciation
state, visible parasites, gill, skin and fin condition, and
vertebral deformity. Fish group-specific indicators were
monthly mortality ratio and appetite. The sea cage
environment-specific indicators were water tempera-
ture, pH, oxygen level, water current, stocking density,
lighting, and disturbances.

Characteristics of the farms

Two different E. sea bass farms (Farm A and Farm B)
located in the Mediterranean Sea were studied to
evaluate welfare status of fish in sea cages. The exact
locations or the names of the farms were not given
due to some commercial concerns. The studied period
was October 2019. Sea cages of both farms were
under natural lighting conditions. The net volume of
the circular cages was 35.000m3 in both farms.
Stocking densities in sea cages were 15 kg/m3 in Farm
A and 12.05 kg/m3 in Farm B. In both farms, fish feed
in the form of pellets was provided with automatic
feeders at a ratio ranging between 0.7 and 1.2% body
weight based on the age/size of fish. The commercial
feed contained 43.0% crude protein, 17.0% crude fat,
2.7% crude fibre, 8.5% moisture and 8.2% ashes.

Farm characteristics for environment-
based indicators

Environmental parameters were monitored in the
farms and water temperature (T), dissolved oxygen
(DO), and pH were measured manually on a
daily base.

In Farm A, the water temperature values were
24.19 �C at the surface, 24.12 �C at 6m depth and
24.10 �C at 8m depth. The oxygen saturation was 80%
at the surface and 81% at 6 and 8m depth. The cur-
rent velocity values were 15 cm/s at the surface and
10–12 cm/s below 10m.

In Farm B, the water temperature values were
23.30 �C at the surface, 23.18 �C at 6m depth and
23.10 �C at 8m depth. The oxygen saturation was 70%
at the surface and 72% at 6 and 8m depth. The cur-
rent velocity values were 8 cm/s at the surface and
5 cm/s below 10m.

The necessary data were obtained from
farm records.
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Fish for individual-based indicators

Fish sampling
Fish sampling and examination were performed imme-
diately after harvesting. Harvested fish from the sea
cages were directly put on ice in the transfer tanks.
The period between harvesting and fish examination
was about 1 hour. Individual fish samples of each farm
(N¼ 20) were randomly selected among the harvested
batch from one cage. The representative sample size
was 20, i.e. more than 10 fish as applied in the model
of SWIM 1.0. Before analysing the welfare indicators in
individual fish samples, at the harvesting time, the fish
schools in the sea cages were observed using an
underwater camera (Fyssalis V4.5-1/2.7” CMOS in Farm
A and 3rd Eye-MCV8-LED in Farm B) at least for an
hour and the video were recorded for monitoring of
the fish later.

Fish characteristics
The mean weight of E. sea bass in Farm A was
651 ± 39 g (min 439–max 711 g) and the mean length
38.26 ± 0.77 cm (min 31.5–max 47 cm) and in Farm B
mean weight was 327.73 ± 9.28 g (min 290–max 390 g)
and mean length 31.60 ± 0.42 cm (min 29–max 33 cm).

The Fulton’s condition factor was determined using
the formula:

K ¼ ðW=L3Þ � 100,

where W is the weight (g) and L is the total length
(cm) of a fish.

The condition factor ranged from 0.98 to 1.31 for
European sea bass from Farm A and from 1.10 to 1.40
for those from Farm B. Feed conversion ratio (FCR)
was around 1.9 in Farm A and 2.05 in Farm B.

SWIM 1.0 model. Semantic modelling of overall ani-
mal welfare was originally developed by Bracke
(Bracke, Metz, et al. 1999; Bracke et al. 1999a, 1999b)
and adapted for Salmon by Stien et al. (2013). In the
SWIM 1.0 model overall welfare scores are calculated
using weighted scores to each indicator, where the
weighting is based on each welfare indicator nega-
tive or positive contribution to a set of weighting
markers (Table 1; see Stien et al. 2013 for details). In
SWIM 1.0, welfare status (from best to worst) associ-
ated with the scientific explanation is ranked for each
operational welfare indicator (WI) as indicated in
Table 1.

The given level represents the status of each wel-
fare indicator. In the model, a weighting factor to
each WI is attributed. A weighting factor (WF) depend-
ing on the levels and an ordinal indicator score (IS) for
each WI level is specified. ISs are ranked from the best
(1) to the worst (0). Some WI levels under minimum
requirements representing poor welfare (such as tissue
loss in fish) take the value 0. This level is expressed as
knockout levels which are not included in the calcula-
tions of the overall welfare index (OWI). The OWI is
the sum of the indicator welfare scores (IWS) (Table 2).
Thus, the other two components involved in the calcu-
lations of OWI are the relative weighting factor (RWF)
and the indicator welfare score (IWS). The following
three formulas were used for RWF, IWS, and OWI
(Stien et al. 2013; Folkedal et al. 2016).

AÞ RWFi ¼ WFiPm
j¼1 WFj

BÞ IWSi ¼ ISi:RWFi

CÞ OWI ¼
Xm

i¼1
IWSi

Table 1. Fish welfare markers, weighting categories and ranges of weighting scores used in semantic modelling (adapted from
Stien et al. 2013).

Weighting category The base of the welfare-related approach
Weighting scores
(WS) intervals

Markers for poor welfare
Stress in short-term Deterioration in homeostasis: sympathetic adrenal medullary (SAM) activation under

catecholamine effects
�5 to �1

Stress in long-term Disruption in homeostasis: hypothalamus-pituitary-interrenal (HPI) axis activation
under adrenalin effects

�5 to �1

Health problems Disease signs (i.e. haemorrhages, exophthalmos, etc.) and increased mortality �5 to �1
Skin and fin damage Possible pain �5 to �1
The decrease in survival rate Impairment in physiological status (i.e. deprivation of feed, suboptimal water quality) �5 to �1
Behavioural changes Disturbed behaviour (i.e. abnormality in swimming activity or apathy) �5 to �1
Restiveness Restiveness due to external factors such as ectoparasites �5 to �1
Avoidance Perceiving negative stimulus such as catching activity, treatment with a chemical �5 to �1
Frustration A shock status or deprivation �5 to �1
Negative performance Worsening in normal performance including reproduction effects �5 to �1

Markers for good welfare
Demand An effort to find the feed 1–5
Natural behaviour Normal swimming, feeding activity 1–3
Positive performance Healthy appearance, suitable condition factor 1–3
Preference Adaptation to culture conditions 1–3

ITALIAN JOURNAL OF ANIMAL SCIENCE 1425



Table 2. Welfare indicators (WI), the levels for each indicator, and the corresponding indicator level score (IS), the calculated
weighting factor (WF), and the relative weighting factor (RWF).

Welfare Indicator (WI) Levels IS
Weighing
factor (WF) RWF

Cage environment WI
1) Temperature (�C) 1. 18–26 1.00 16 0.17

2. 26–28 0.50
3. 28–30 0.25
4. 28 or <18, long period 0.00
5. Sharp decline under 12 Knockout

2) Oxygen saturation (%) 1. �75 1.00 17 0.18
2. 65–75 0.50
3. <65 short term (days) 0.00
4. <65 long term (weeks) Knockout

3) pH 1. 8.0–8.5 1.00 3 0.03
2. 7.5–8.5 0.75
3. <7.5–>8.5 0.00

4) Water current (cm/s) 1. 10–15 1.00 3 0.03
2. <10 0.50
3. >15 0.25

5) Stocking density (kg/m3) 1. 10–15 1.00 8 0.09
2. 15–20 0.75
3. 20–22 0.50
4. >22 0.00

6) Lighting 1. Normal (natural lighting) 1.00 4 0.04
2. Abnormal (different from natural lighting) 0.00

7) Disturbances 1. None 1.00 11 0.12
2. Light 0.75
3. Moderate 0.50
4. Severe 0.00

Fish group specific WI
1) Mortality (% monthly) 1. <1 1.00 21 0.22

2. 1–2.5 0.75
3. >2.5–5 0.50
4. >5 0.00

2) Appetite 1. Good appetite (food demand is higher than expected) 1.00 11 0.12
2. Normal 0.75
3. Poor appetite 0.25
4. No appetite Knockout

Sum 94 1.00
Individual fish-specific WI
1) Emaciation 1. Not emaciated 1.00 16 0.18

2. Emaciated 0.00
3 Extremely emaciated (generally small, very thin fish of poor health) Knockout

2) Vertebral deformity 1. No external signs of vertebral deformity (including operculum,
skull shape, etc.)

1.00 10 0.11

2.. Vertebral abnormality with normal weight 0.50
3. Vertebral abnormality with low weight 0.00

3) Fin condition 1. Normal appearance of fins 1.00 13 0.14
2. Less ruptured rays, rips in fin membranes, slight thickening of the rays 0.75
3. Multiplexed ruptured rays, rips in fin the membranes, slight

erosion on the edge of the fins
0.50

4. Loss of any fin, bleeding in the fins 0.00
4) Gill condition 1. Normal appearance 1.00 20 0.21

2. Short filaments 0.75
3. The slight change in colour, filament morphology 0.50
4. Disease signs 0.00

5) Skin condition 1. Normal healthy skin 1.00 15 0.17
2. Scar tissue 0.80
3. Scale loss (dislocated or missing scales) 0.60
4. The superficial wound or ulcer < 1 cm2 0.40
5. The superficial wound or ulcer > 1 cm2 0.20
6. Penetrating and/or multiple wounds or ulcers possibly infected 0.00
7. Large open wounds Knockout

6) External parasite presence 1. No parasite 1.00 11 0.12
2. Light parasite intensity in body surface 0.50
3. Light parasite intensity on the gills 0.50
4. Parasite presence in the mouth 0.25
5. Heavy parasite invasion 0.00

7) Condition factor 1. >1.0 1.00 6 0.07
2. 0.90–1.0 0.75
3. 0.90–0.80 0.50
4. <0.80 0.00

Sum 91 1.00

K: knockout levels (adapted from Stien et al. 2013).
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where m is the total number of welfare indicators; WF
(i) and WF (j) are the weighting factors for the indica-
tor i and j

IS is the indicator score given for WI (see Tables 1
and 2).

The total OWI (OWItotal) score is based on calculated
OWIs of three segments: 1. sea cage environment-spe-
cific OWI (temperature, pH, oxygen level, water cur-
rent, stocking density, lighting, and disturbances); 2.
fish-group specific OWIs (monthly mortality ratio and
appetite); 3. individual-based OWI (condition factor,
emaciation state, visible parasites, gill, skin and fin
condition, vertebral deformity).

The Total OWI (OWItotal) was calculated using the
formula below (Stien et al. 2013; Folkedal et al. 2016):

OWItotal ¼ OWI seacagebasedþ OWI fishgroupbased

þ OWIindividual� based=ðWI1 þWI2 þWI3Þ

As an example of WF calculation for gill condition,
WI was divided into four categories ranging from nor-
mal appearance to disease signs, and the calculated
WF was 20 (Table 2) and RWF was 0.21 (see for-
mula A).

The OWI for individual fish-specific indicators was
assessed on the representative samples of fish from
the sea cages. Fish gets an OWI of 1.0 when all meas-
ured indicators were in the normal range (Figure 1). In
case the indicators were considered out of the range
of normal, OWI gets lower values. For example, E. sea
bass gets OWI of 0.88 in relation to IWS of 0 due to
the visible parasites in the gills or loss of any fin
although other indicators were normal. Another
example is OWI of 0.93 and IWS of 0.10 because of
scale loss (Figure 2). The OWI of 1.0 represents the
best welfare score and 0.0 the worst score.

This study is the first to benchmarking of overall
sea bass welfare in sea cages. The efficacy of the
model application can be increased by frequent
fish sampling.

Adaptation of model to European sea bass

The model is flexible in terms of WIs to be included
(Folkedal et al. 2016). In fitting of the indicators to E.
sea bass, we removed the indicators of smoltification
status and salinity due to specific characteristics of E.
sea bass and added pH as an environment-based indi-
cator and gill appearance as the indvidual-based one.
Gill appearance was considered since the gills, with
their large surface area, are in direct contact with
water and can be sensitive indicator to water quality.
Information regarding the indicators and their scoring

levels were based on SWIM 1.0 forms used for salmon,
developed by Stien et al. (2013). However, in scoring
levels and weighting of changed indicators, in this
study, the existing knowledge for E. sea bass in the lit-
erature was considered (Makridis et al. 2018).

Results and discussion

In SWIM 1.0 the central theme of on-farm assessment
is the application of indicators of physical health and
welfare of individuals and groups of fish as well as
cage environment and related management practices.
Segner et al. (2019) stated that the monitoring and
assessment of the welfare of cultured fish could not
be evaluated with the observation of a single param-
eter, hence, to assess the welfare status correctly it
necessitates the integration of more parameters. For
practical work, operational welfare indicators should
be set to merge several environmental aspects of the
culture conditions in a fish farm and fish well-being
indicators. In this study, a total of 16 non-invasive indi-
cators (seven individual-based, two fish group-specific,
and seven environmental indicators) were utilised to
estimate the fish welfare status of E. sea bass reared
in sea cages, in line with SWIM 1.0.

The median OWI of E. sea bass was 1.0 for Farm A
and 0.88 for Farm B (Tables S1 and S2). OWI for sea
cages was scored 1 for Farm A and 0.76 for Farm B
(Table 3).

The overall welfare index evaluated with fish, fish
group, and sea cage based indicators were 1.0 for
Farm A and 0.81 for farm B (Table 4). Total OWI was
the combination of the scores of sea cage and fish
group and median score of fish.

The overall welfare assessment showed the value of
1.0 for Farm A, corresponding to the score that repre-
sents ‘good welfare.’ However, the value of 0.81 for
Farm B indicated an alert on the welfare status. The
score in Farm B was clearly due to the lower OWI of
oxygen saturation and water current in environmental
indicators and visible parasites indexes in individual-
based indicators.

In relation to the model adaptation, the technolo-
gies and practices utilised for on-growing salmon are
the same as those used for E. sea bass, however, sal-
mon has differences in biology from that of sea bass.
The main difference is related to the smoltification (a
complex series of physiological changes for young sal-
mon from the freshwater life stage to the seawater life
stages) of salmon. Since European sea bass has no
smoltification phase in its life cycle, in the model, we
modified several parameters to fit the European sea
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bass characteristics which are not similar to salmon
aquaculture. The indicators related to the smoltifica-
tion were removed from the welfare indicators. We
added gill integrity and appearance as an OWI, consid-
ering the fact that gills with their large surface area are
in direct contact with water and can be sensitive to
water quality. We also removed salinity from OWI for
the cage environment as E. sea bass is euryhaline
(Mancera et al. 1994; Vandeputte et al. 2019). Due to
eurythermal features of the European sea bass we
arranged the water temperature attributes accordingly.

Because there is no gold standard for fish welfare
measurement, the validity of assessment methods is
highly problematic to control. The main challenge of
the method is the scoring of the welfare indicators as
the scoring may be subjective. Another issue is the
stability of the results. Frequent fish samplings and
farm visits, at regular intervals, may provide more con-
sistent results. Despite these constrations, the

approach in SWIM 1.0 integrating the welfare indica-
tors of individual fish, fish-group and environment can
be used to identify risks to fish welfare and the rea-
sons for poor welfare so that improvement strategies
can be implemented. Exposing the acquired data from
single sampling to the SWIM 1.0 calculations provided
feedback about the welfare status of E. sea bass in sea
cages in Mediterranean Sea. This is the first quantita-
tive model for overall welfare assessment in European
sea bass in cage aquaculture. The model seemed func-
tional to evaluate the welfare level of that species on-
farm conditions.

Conclusion

A semantic model (SWIM 1.0) for overall welfare
assessment of E. sea bass in Mediterranean aquacul-
ture has been empirically validated for the first time.
Operational welfare indicators organised in three cate-
gories: (i) individual-based; (ii) fish group-specific; and
(iii) environmental indicators appeared feasible to
assess on-farm condition the welfare of this species.
SWIM 1.0 developed for salmon can be applied for
aquaculture of sea bass with some modifications in
relation to its specific characteristics. Further studies

Figure 2. European sea bass examples with lower OWI values. (a) OWI of 0.88 (IWS for parasite presence ¼ 0 due to the visible
copepod parasites in the gills); (b) OWI of 0.93 (IWS for skin condition ¼ 0.10 due to scale loss; (c) OWI of 0.88 (IWS for fin condi-
tion ¼ 0 due to loss of pectoral fin).

Table 3. Indicator welfare scores (IWS) and overall welfare index (OWI) for cage specific indicators.
Level detected IWS

Sea cage environment Farm A Farm B Farm A Farm B

Water temperature (�C) 24–26 22–24 0.17 0.17
Oxygen Saturation (%) 75 70 0.18 0.01
pH 8.40 8.20 0.03 0.03
Water current (cm/s) 15 (surface)

10–12 (below 10m depth)
8
5

0.03 0.015

Stocking density (kg/m3) 12.88 12 0.09 0.09
Lighting Normal Normal 0.04 0.04
Disturbances None None 0.12 0.12
Mortality <1% 1 0.22 0.165
Appetite Good Good 0.12 0.12
OWI 1.00 0.76

Table 4. Total overall welfare index (OWI) for E. sea bass
from farm A and farm B.
Farm Farm A Farm B

Total OWI 1.0 0.81
Calculation (91� 1þ 94� 1/91þ 94) 94� 0.76þ 91� 0.88/91þ 94)

ITALIAN JOURNAL OF ANIMAL SCIENCE 1429



on the versatility of modelling and harmonised stand-
ard to assess fish welfare are required.
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