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1 HOW TO USE THIS MANUAL

The aim of this manual is to make the assessment of lump�sh welfare in salmon sea cages easily acces-
sible and standardised for the whole aquaculture industry. This manual can be used as a supplement
to, or as part of the statutory risk-based health inspections in accordance with the Regulations on
health inspections of aquaculture animals. The user can choose how comprehensive they want to make
the assessment, and the associated spreadsheet with �eld form and automatic reporting of results is
meant to minimize post-production.

This document provides an introduction on how to conduct a systematic assessment of welfare with
standardized scores. In addition, the user will �nd info boxes that give background for various �nd-
ings and their potential impacts on �sh welfare (Info 1), as well as boxes with suggestions for ac-
tions/measures that can be taken to avoid negative development of welfare (Measure 1). The welfare
scoring system, which is based on the scores of operational welfare indicators (OWI) quanti�es the
�ndings and allows for the assessment of welfare status of lump�sh both during the production phase
and by the time of transfer to sea.

Info 1 - Example

This is an example of how information is presented in the manual.

Measure 1 - Example

This is an example of how actions/measures are presented in the manual.

The method for scoring, as well as the measures and recommendations given in the manual, are based
on scienti�c literature and our experience. For more in-depth information and knowledge about OWI
for lump�sh, we recommend reading Noble et al. (2019), Imsland et al. (2020), and Gutierrez Rabadan
et al. (2021).

1.1 Field form

The �eld form is, together with the report (subsection 1.2), structured so that each sea cage is assessed
as a separate unit. The �eld form has been designed for up to 30 �sh per sea cage (Figure 1). There
are separate �elds to register the name of the salmon farm, department, �sh group and date of welfare
assessment. The scoring of condition will be calculated automatically based on the weight and length
of the lump�sh (more detailed described in subsubsection 4.2.1).

As the scores on OWI are entered in the digital �eld form, the relative sum of the lump�sh and welfare
scores are calculated automatically, in addition to the overall assessment of the severity of each welfare
indicator. To easily illustrate the welfare score and the severity of each of the OWI, a colour code
is used (Table 1). There is a requirement that at least 5 OWI must be assessed so that the welfare
score of the individual is calculated. It is still recommended to evaluate all the OWI to get the most
accurate result possible. Blank cells are not included in the welfare score, so it is important to record
0 in the cell if an OWI is considered score 0 and do not leave the �eld blank. empty. To reduce the risk
of errors in the �eld form, the cells in the �eld form are formatted so that they only accept valid score
values. A warning is also given when registering unrealistic targets on weight and length. Detailed
description of how the welfare score and severity are calculated is presented in section 2.
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Figure 1: Excerpt from �eld form - OWI.

In addition to scoring OWI, it is possible to register autopsy �ndings, stomach content, sampling,
and comments in the �eld diagram (Figure 2). These registrations do not a�ect the assessment of
the welfare score and the report but have been added to facilitate registration of additional surveys
of health. As autopsy �ndings and stomach content are registered in the digital �eld form, the extent
of each parameter will be calculated as the proportion of individuals with a score of 1. Blank cells
are not included, and it is therefore important to record 0 in the cell at score 0. When observing lice
in the stomach, the number of lice is recorded instead of score 1. The average number of lice in the
stomach of the examined lump�sh is calculated, and not the proportion of lump�sh with lice in the
stomach.

Figure 2: Excerpt from �eld form - autopsy.

Detailed description of how OWI and internal �ndings scores are presented in section 4 and section 5.
The �eld form can also be found as a print-friendly pdf �le.
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1.2 Report

Figure 3: Excerpt from the report. The pie charts for cages 8-15 and the parameters suction cup deformity,
other deformities, caudal �n and other �ns are hidden in the picture.
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As the OWI scores are recorded in the digital �eld form, a report for the welfare assessment is auto-
matically generated (Figure 3). At the top of the report, it is suggested that you enter the date of the
welfare assessment and the name of the site where the cages have been assessed. As the digital �eld
form is �lled in, the average weight and welfare status in all cages is calculated both collectively and
individually. This gives an indication of the lump�sh welfare on the day of the assessment. Based on
the overall welfare status, a general recommendation for relevant measures will be given at the top of
the report (Table 1).

To provide a simple overview of the welfare at cage and parameter level, the distribution of the welfare
status is automatically visualized as pie charts in the report. The pie charts can be used as a visual
aid to identify any problem areas, allowing for corrective measures to be implemented as quickly as
possible.

At the bottom of the report, two extra �gures have been added which are only relevant for autopsy.
These visualize the lice grazing e�ciency and the nutritional status of the lump�sh collectively. The
�gure on the left shows the proportion of lump�sh with the various feed types in their stomachs, while
the �gure on the right shows the average number of lice in the stomachs of the autopsied lump�sh.

1.3 Proposed actions/measures

The general measures recommended in the report for the various welfare statuses are presented in
Table 1. In the event of reduced welfare, it should be identi�ed which parameters are reected in
reduced welfare, and measures aimed at these parameters should be implemented. The pie charts
in the report provide one indication of the severity of each of the parameters at the population level
(Figure 3), while the score of the severity levels presented in the �eld form apply to the speci�c sea cage
(Figure 1). Which measures that may be relevant to introduce to improve the individual parameters
are proposed in orange info boxes as the parameters are presented in the manual (Measure 1).

Table 1: Overview of welfare status and corresponding actions/measures.

Welfare status Relevant actions/measures
Good welfare No actions/measures
Slight reduced welfare Closer follow-up, autopsy a small number of lump�sh

Clearly reduced welfare

Authorized �sh health personnel should be contacted. Autopsy a
variety of �sh and potentially take additional tests to determine
the causes of welfare deterioration. Introduce relevant measures
to improve welfare status.

Severely reduced welfare

Authorized �sh health personnel must be contacted. Autopsy a
selection of lump�sh and take potential additional samples to in-
vestigate the causes of the deterioration of welfare. Consider eu-
thanasia of �sh.
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2 WELFARE MODEL

2.1 Welfare score at the individual level

To assess lump�sh welfare, a joint assessment of the OWI scores is performed. To get a more realistic
relationship between the di�erent scoring levels, the OWI score values are squared. The squared scores
for each lump�sh are then summed with the following weighting:

Weighted sum = suction cup deformity2 + (0 :5 � other deformities2) + caudal �n erosion 2

+ others �ns erosion2 + (2 � skin damage2) + right eye injury 2 + left eye injury 2

+ cataract on right eye2 + cataract on left eye2 + condition 2

For various reasons, not all OWI will be assessed every time. A relative sum where all the total
assessments are percentages of the maximum achievable weighted sum (score 3 on all assessed OWI)
is therefore used:

Overall welfare score =
Weighted sum

Maximum achievable weighed sum
� 100:

If all parameters are considered, the maximum achievable weighted sum is 94.5. The purpose of using
a relative score is to be able to compare the individuals on a more equal basis even if some scores
are missing. In order to get a comprehensive assessment of lump�sh welfare, it is recommended to
consider all the parameters. The relative sum is graded in four welfare scores which are used as an
overall score on lump�sh welfare (Table 2).

Table 2: Overview of the grading of lump�sh welfare score from 0 (good welfare) to 3 (severely reduced welfare),
based on relative sum (0-100).

Relative sum Welfare score Assessment
0 0 Good welfare

0 - 10* 1 Slightly reduced welfare
10 - 30 2 Clearly reduced welfare
� 30 3 Severely reduced welfare

*For a score of 3 on an OWI, the welfare score is assessed as score 2 (clearly
reduced).
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Info 2 - The e�ect of squaring and weighting the scores

Previous studies have calculated the overall welfare score as the sum of OWI scores (Imsland
et al., 2020; Gutierrez Rabadan et al., 2021), without weighting scores and parameters. The
advantage of squaring the OWI scores is that it clari�es the di�erences between individuals who
have a few scratches, which do not reduce welfare to a greater extent, and individuals who have
much more severe injuries (Table 3). In addition, the parameters are weighted so that their e�ect
in the model corresponds to the signi�cance they have for overall welfare. A serious injury is
considered to a�ect the welfare of lump�sh just as negatively if it is found on the �n, skin or
eye, and is therefore weighted up to have as great an impact on the welfare score as the �n and
eye. Other deformities are considered to have a smaller e�ect than the other parameters and are
therefore weighted down by 0.5.

Table 3: Calculation of the overall welfare score for three example �sh, both with and without
squaring and weighting of the OWI scores and parameters.

Without weighting With weighting
OWI Fish 1 Fish 2 Fish 3 Fish 1 Fish 2 Fish 3
Suction cup deformity 0 0 0 0 0 0
Other deformities 0 0 0 0 0 0
Caudal �n 1 0 0 1 0 0
Other �ns 1 1 0 1 1 0
Skin damage 1 2 3 1 4 9
Right eye damage 0 0 0 0 0 0
Left eye damage 0 0 2 0 0 2
Cataract on right eye 0 0 0 0 0 0
Cataract on left eye 0 0 0 0 0 0
Condition 0 0 3 0 0 3
Sum 3 3 8 4 9 31
Relative sum (0-100) 10 10 27 4,2 9,5 33
Welfare score (0-3) 2 2 2 1 1 3

2.2 Welfare status at the population level

The distribution of the individual's welfare score is used to assess the overall welfare status of the
population. The overall welfare status is graded from good to severely reduced according to the
criteria in Table 4.

Table 4: Overview of the criteria used in the transition from assessments at the individual level to an overall
assessment at the sea cage and site level. These are used both to assess the population's welfare status and the
severity of each of the welfare indicators. The criteria are based on the distribution of the welfare scores of the
individuals in the population, and it is required that all the criteria on the row are met.

Distribution of scores at individual level Population level
0 � 2 3 Welfare status Examples

> 60% 0 % 0 % Good

� 60% � 40% � 10%
6= 0% & � 40% 6= 0% & � 10%

Slightly reduced

> 40% � 25%
> 10% & � 25%

Clearly reduced

> 25% Severely reduced
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In order for the overall welfare status in the population to be assessed as good, over 60% of the
lump�sh must have good welfare (welfare score 0) and none with clearly or severely reduced welfare
(welfare score 2 or 3). If more than 25% of the lump�sh have severely reduced welfare (welfare score
3), the overall welfare status of the population is also considered to be severely reduced. The criteria
in Table 4 are also used to assess the severity of each of the OWI at the sea cage and site level. Then
the distribution of the scores on the individual indicator is used instead of the overall welfare score.

Info 3 - The advantage of avoiding the use of averages at the population level

As described in the Fish Health Report 2020 (Sommerset et al., 2021), making assessments based
on average values should be avoided, as this can camouage variations between individuals who
have di�erent welfare scores. Based on this, it is therefore recommended to use the distribution
of individuals with di�erent welfare scores to assess the overall welfare status in the population
(Table 5).

Table 5: Examples of the calculation of overall welfare status based on the average or distribution
of individuals' welfare scores.

Individual level Population level

Number of individuals Welfare score Distribution
Welfare status

based on average
Welfare status

based on diatribution
65 0
10 1
10 2
15 3

Slightly reduced Clearly reduced

15 0
20 1
10 2
55 3

Clearly reduced Severely reduced

68 0
2 1
0 2
30 3

Slightly reduced Severely reduced

3 SELECTION AND SAMPLING OF FISH

We recommend monthly welfare monitoring of lump�sh from a minimum of four cages at each site.
This is a supplement to, or as part of, the statutory risk-based health checks in accordance with the
Amendment on health checks with aquaculture animals. An individual assessment should be carried
out, where the OWI is scored on at least ten live lump�sh from each cage. In order to obtain a good
basis for comparison, it should be the same cages that are followed up every month. If there is a need,
new cages are selected for monitoring. Removing lump�sh from cages is done either by using a sweep
net or a net from a boat. If the lump�sh are near the surface and close to the net wall, it is also
possible to use a handnet from the edge of the cage. Fish that are caught are placed in a large bucket
of seawater. It is very important that the sampling of lump�sh is carried out as gently as possible to
avoid damage.

Scoring of OWI can be performed on unanaesthetised lump�sh under water (Sk�ar et al., 2017). Only
weight assessment must be done out of water. Sampling should done as carefully as possible to avoid
unnecessary damage.
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