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A B S T R A C T   

The intensification of Scottish salmon farming has been associated with increasing demands for the monitoring 
and safeguarding of farmed salmon welfare. Continued growth of farm productivity, while avoiding adverse 
effects on salmon welfare, will require the development of effective welfare assessment tools. 

This paper reports on a survey of the Scottish salmon farming industry, which was conducted to understand 
current salmon welfare concerns and priorities for research. As part of a broader aim for further developing tools 
for on-farm salmon welfare assessment, a total of 61 individuals working in the Scottish salmon farming industry 
took part. This survey intentionally focused on industry stakeholders to provide insights into current practices 
and challenges associated with monitoring and assessing salmon welfare. Participants were recruited through 
authors’ industry contacts, online advertisements, and searches of company websites. In terms of production 
stages, survey participants believed that the seawater rearing stage is a major area of concern, largely due to the 
challenges presented by sea lice. Gill health and environmental challenges, mainly relating to water quality, were 
two other highly ranked welfare concerns. Methods to monitor salmon welfare during husbandry practices, 
where disturbances and contact with the salmon is unavoidable (particularly during crowding, grading, and 
interventions), were emphasised as a priority. Although these were identified as the major concerns, the survey 
indicated that there are other significant welfare concerns specific to each production stage that also require 
consideration. 

Participants highlighted non-invasive, remote, and animal-based welfare measures as important areas for 
further development for on-farm welfare assessments. Behavioural measures were identified as having the po-
tential to make a major contribution in this context. 

This survey presents the first collection of opinions from professionals employed across the Scottish salmon 
farming industry regarding the current overall state of farmed salmon welfare. This study upholds the impor-
tance of using an integrated approach to welfare assessments, and that behavioural measures could play an 
important role in ensuring these assessments benefit both salmon welfare and farm productivity.   

1. Introduction 

Farmed salmon welfare is inextricably linked to the farming practices 
and conditions within the salmon farming industry (FAWC, 2014; Noble 
et al., 2018). Animal welfare encompasses the physical and emotional 
state of an animal, its ability to cope with external events, and its overall 
quality of life (as a cumulative result of those events) (Webster, 2016). 
Animal welfare is now one of the criteria used by the public when 

deciding whether a husbandry system’s continued use is acceptable on 
ethical grounds, therefore establishing welfare as a necessary consider-
ation for sustainability (Broom, 2011). In the UK, farmed fish are also 
protected with a duty of care requirement under the Animal Welfare Act 
(2006), with the majority of salmon farms (~70%) also being certified 
by the RSPCA Assured standards (Salmon Scotland, 2020). Additionally, 
stress and poor welfare are known to increase susceptibility to disease, 
increase mortality rates, and ultimately lead to poor production 
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(Schreck and Tort, 2016). For reference, Scottish salmon farming 
generated a direct economic contribution of £468 million in gross value 
added in 2018 (Economics, 2020), placing Scotland as the third largest 
producer of Atlantic salmon in the world (Kenyon and Davies, 2018). 
Safeguarding salmon welfare should therefore be seen as a priority from 
a moral, economic, and legal perspective (Animal Welfare Act, 2006; 
Lafferty et al., 2015). 

A detailed understanding of the current state of the industry, with 
regards to welfare, is then also required to make valid, industry-relevant 
contributions to farmed salmon welfare. This includes identifying cur-
rent concerns facing farmed salmon welfare, along with having knowl-
edge of relevant production stages, husbandry practices, and the 
practicalities of on-farm welfare monitoring and assessment. Such in-
formation plays a vital role in developing a framework for realistic im-
provements of welfare assessments that, when used, do not come at the 
cost of farm productivity. 

Various frameworks have been designed to help form the basis of 
animal welfare management. The Five Domains model, developing upon 
the Five Freedoms (Mellor, 2016), was created to provide a more sys-
tematic method for identifying potential welfare impacts associated 
with events/situations (Mellor and Reid, 1994). These impacts were 
divided into four physical domains (nutrition, environment, health/ 
functional status, behaviour) and one mental domain (overall mental 
state). Originally designed to assess “compromise” in the welfare state of 
an animal, recent extensions to the Five Domains now facilitate con-
siderations of positive experiences that may enhance welfare (Mellor 
and Beausoleil, 2015). It is now widely accepted that emotional affected 
states are an essential consideration when promoting positive welfare 
(Dawkins, 2004, 2006; Fisher, 2009; Paul et al., 2020). The development 
of welfare assessment tools should then not only focus on physical well- 
being and avoiding ‘negative’ welfare, but also promoting emotional 
well-being and ‘positive’ welfare (Fife-Cook and Franks, 2019). 

In order to capture these different aspects of animal welfare, current 
welfare assessments typically include a set of ‘Operational Welfare In-
dicators’ (OWIs) that are believed to be practical and appropriate for 
detecting changes to the animal’s welfare status (Noble et al., 2018). 
Examples of such welfare assessments include the monitoring program 
for physical damage / deformities suggested in the RSPCA Assured 
welfare standards for farmed Atlantic salmon (RSPCA, 2018), and the 
Salmon Welfare Index Models (SWIM 1.0 and SWIM 2.0) (Stien et al., 
2013; Pettersen et al., 2014). Selected OWIs range from environmental 
(e.g., water temperature, oxygen saturation, salinity) to animal-based 
indicators (e.g., fin/eye/snout damage, deformities, changes in behav-
iour, sea lice infestation) (Stien et al., 2013; Noble et al., 2018). As on- 
farm assessments are limited to including Welfare Indicators (WIs) that 
are currently practical and affordable to use (Noble et al., 2018), it is 
likely that the full potential for how we can monitor and safeguard 
farmed salmon welfare is not yet realised. Stien et al. (2013) anticipate 
that these assessments, including their SWIM 1.0 model, will need 
further “upgrading” either through the development of current WIs or 
inclusion of entirely new WIs. 

Identifying where improvements should be made, either within on- 
farm assessments or the general management of salmon welfare, is no 
easy feat. Monitoring and safeguarding farmed salmon welfare presents 
various challenges due to their complex, anadromous life cycle (Mar-
schall et al., 1998). There are rearing conditions, husbandry practices, 
responsibilities and welfare considerations that are specific to each 
production stage (Bergqvist and Gunnarsson, 2013; Noble et al., 2018). 
The total tonnage of seawater fish produced per employee has also 
increased over 10-fold since 1985 (Ellis et al., 2016). This increasing 
intensity of production means that work practices, including welfare 
assessment tools, have to be time-efficient in order to be practical in the 
commercial production environment. When forming opinions on wel-
fare concerns within this context, on-site experience of the various 
production stages can provide important perspectives on both the cur-
rent practices and the relevant challenges that are faced. Professionals 

employed in salmon farming may potentially have a better under-
standing of how the processes involved are linked with salmon welfare, 
particularly with what practical limitations there are when imple-
menting welfare assessments into their farming routines. Including these 
considerations during any developments of welfare assessment tools or 
management therefore increases the likelihood of their adoption on-site. 
Production staff ultimately play an essential role in safeguarding salmon 
welfare, where they share knowledge and develop and execute routines 
to protect farmed fish (Størkersen et al., 2021). In this survey, we 
attempted to access the collective knowledge of these production staff 
with the assumption that it would provide valuable insights into where 
farmed salmon welfare can be further advanced. 

To date, no study has been conducted which focuses solely on pro-
fessionals directly employed in Scottish salmon farming to assess their 
opinions on the state of this industry with regards to salmon welfare. A 
broader gap-analysis study was carried out on stakeholders from the 
European aquaculture sector and research community in 2018, with an 
aim of investigating research priorities for overall farmed fish welfare 
(Manfrin et al., 2018). However, in this 2018 study, Atlantic salmon 
were just one of nine species investigated over several countries. 

It has been suggested that taking into account different perspectives 
within a particular industry, and working towards building a clear 
consensus on future research priorities, provides the best foundation for 
progressing fish welfare (Manfrin et al., 2018). This approach should be 
no different when making progress in the monitoring and management 
of farmed salmon welfare. This could take the form of farm staff either 
helping to identify key areas of concern, or highlighting any consider-
ations that need to be made when improving on-farm assessments or the 
overall management of salmon welfare. Hence, this survey aimed to 
answer the following research questions: 

1) Investigate the relative importance that different production 
stages, husbandry practices, and specific welfare concerns have towards 
farmed salmon welfare, as perceived by farm staff. 

1a) In addition, assess any potential differences in these opinions / 
perceptions between farm staff with different professional backgrounds. 

2) Identify which research priorities have the most potential for 
further improving the practicality and efficacy of on-farm salmon wel-
fare measures. 

Through addressing these research questions, this study will have 
provided a substantial contribution towards developing the practicality 
and efficacy of on-farm welfare assessment and management. 

2. Materials and methods 

2.1. Recruitment and survey development 

Ethical approval for the survey development, recruitment methods 
and final version of the survey was obtained from the General University 
Ethics Panel (GUEP) at the University of Stirling (Project identification 
code GUEP (19 20) 858). 

Survey development began with a key informant interview with two 
staff from a local hatchery. The discussion was based on open-ended 
questions regarding salmon welfare, prepared in advance of the in-
terviews. These questions acted as a starting point for discussing general 
welfare concerns, which allowed the 1st version of the survey questions 
to be drafted. The 1st survey draft was then piloted on 10 volunteers 
across different farming companies during a fish welfare course deliv-
ered at the Institute of Aquaculture, Stirling (February 2020). Responses 
and feedback from this 1st draft were gathered alongside a concurrent 
literature review, which focused partly on welfare assessment and fac-
tors influencing farmed salmon welfare to refine the focus of the final 
survey. 

Following this 1st draft, these initial research questions were 
formulated for the survey: 
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• Determine the perceived importance of monitoring salmon welfare 
in the various production stages.  

• Identify major areas of welfare concerns affecting farmed salmon.  
• Identify which husbandry practices require the most attention to 

monitor and safeguard salmon welfare.  
• Determine the practicality and efficacy for on-farm use of welfare 

measures.  
• Determine salmon welfare research priorities.  
• Identify which farming practices provide suitable opportunities for 

monitoring salmon welfare. 

A 2nd draft, modified on the basis of these research questions, was 
developed and piloted with volunteers at the Institute of Aquaculture, 
along with several key informants in the industry (n = 7). This 2nd draft 
was piloted through in-person interviews and online formats (Microsoft 
Forms) to assess the effectiveness of the different styles and estimate the 
time for completion. Statistical analysis was not appropriate due to the 
small sample size, but essential feedback was gathered resulting in 
further refinement of the survey design. 

2.2. Final questionnaire design 

The final questionnaire, consisting of 53 questions, was divided into 
a section on participant’s background followed by six question sections 
(see appendix). Background variables of participants (experience of 
specific production stage in salmon farming, current job title, and total 
years of experience in salmon farming) were recorded. Participants were 
informed about data security, and that any information they provided 
would remain anonymous. Due to the length of the questionnaire and 
inclusion of open-ended responses, constant and explicit signposts were 
used to emphasize the aim of each question section and prevent par-
ticipants from drifting in their focus. 

Section 1 asked participants to compare the relative importance of 
monitoring salmon welfare across the various production stages. Par-
ticipants were provided with a list of the different production stages and 
asked to score each stage on a scale of 1 to 5 in terms of importance (1 =
most important, 5 = least important). 

Section 2 investigated the major areas of concern facing overall 
farmed salmon welfare. Section 3 examined which husbandry practices, 
due to their potential impacts, required the most attention towards 
monitoring salmon welfare. For these two sections, participants were 
asked to provide a minimum of 3 of their own examples in order of 
importance. 

Section 4 examined what welfare measures were deemed most 
appropriate for on-farm use. Participants rated welfare measures, on a 
scale of 1 to 10, by their practicality and effectiveness (1 = completely 
impractical / ineffective, 5–6 = somewhat practical / effective, 10 =
very practical/effective). ‘Practicality’ was defined as ‘how easy the 
measure is to use on-site’, and ‘effectiveness’ was defined as ‘how much 
valuable information the measure provides regarding the welfare status 
of the salmon’. Participants were also able to comment on any practical 
considerations involved with the on-farm use of these measures. For the 
purpose of this paper, the term ‘welfare measure’ merely denotes a 
certain approach to assessing welfare, and is synonymous to ‘welfare 
indicator’. 

Section 5 asked participants to rate a list of research priorities, on a 
scale of 1 to 10, by the relevance and urgency of their development for 
on-farm welfare monitoring and assessment (1 = completely irrelevant / 
Not urgent at all, 5–6 = somewhat relevant / urgent, 10 = extremely 
relevant / urgent). ‘Relevance’ was defined as ‘How relevant the need is 
for developing this group of welfare measures to allow for better 
monitoring and safeguarding of salmon welfare’, whereas ‘urgency’ was 
defined as ‘To what degree does this group of welfare measures need to 
be developed as soon as possible?’ 

Section 6 explored which parts of a salmon farmer’s daily routine 
provide the best opportunity for monitoring salmon welfare. 

Participants were able to select a maximum of 3 husbandry routines 
from a list of 5 (feeding times, health checks, routine inspections, 
grading and/or transfer, during video monitoring) as well as add their 
own response in free text. 

Participation was voluntary through an online version of the survey 
through Microsoft Forms. As of 2020, 1651 staff have been employed in 
Scottish salmon production (Munro, 2020). Efforts were made to ensure 
that as many of these staff as possible were at least informed of the 
opportunity to participate. This process began with colleagues for-
warding the survey to potential participants, along with an introductory 
letter explaining the purpose of the survey. Advertisements and articles 
for the survey were shared across multiple media outlets, including fish 
farming news websites, Twitter and Facebook pages, community fo-
rums, accreditation sites, and company newsletters. A number of major 
Scottish salmon farming companies also agreed to support recruitment 
by forwarding the survey through their mailing lists. Individuals were 
also recruited directly via LinkedIn. The final survey was conducted 
from March–December 2020, where a total of 61 individuals directly 
employed within Scottish salmon production were consulted. In-
dividuals who participated in the pilot studies were not included in the 
main survey. 

2.3. Data processing and analysis 

Data from the online survey were consolidated into Microsoft excel 
(2019), where figures were also produced. Statistical analysis was then 
carried out using IBM SPSS Statistics 28 for Windows 10. 

2.3.1. Quantitative responses 
For section 1, weighted scores were created to reflect participants’ 

rankings, which gave more weight to participants’ scores indicating a 
higher priority (e.g., each score of “1” = 5 points, score of “2” = 4 points, 
“3” = 3 points, etc.). Total weighted scores were then calculated for each 
production stage. For sections 2 and 3, responses encompassing the same 
topic of welfare concern or husbandry practice were compiled into 
categories to allow comparisons to be made between these categories. 
For example, welfare concerns that included “AGD”, “Gill Disease”, and 
“Gill Problems” were placed into the category “Gill Health”. Husbandry 
practices that included “Treatments”, “Mechanical / Chemical / Medicinal 
Treatments”, and “Vaccinations” were placed into the category “In-
terventions”. The category ‘Handling’ included husbandry practices such 
as ‘Crowding’, ‘Grading’, and ‘(Physical) Handling’. Welfare concerns that 
included “Water quality” or “Environmental challenges” formed most of 
the category ‘Environmental challenges’. However, a minority of more 
specific concerns such as “Tidal throughput”, “Water temperature”, and 
“Climate change effects on SW” were also included in this category. 
Weighted scores were then calculated for each category of responses in 
the same manner as section 1. For the open-ended responses in sections 2 
and 3, weighted scores helped ensure that the order/priority of partic-
ipants’ responses would further reflect their significance, rather than 
assessing solely by the frequency of mentions. This would help distin-
guish categories that would have been referred to the same number of 
times, but at different “rankings” (first vs. last). 

For the quantitative responses in Sections 1, 4 and 5, normality and 
homogeneity of variance were assessed (through histograms and 
descriptive statistics) before any parametric statistical analyses could be 
carried out. Log transformations were carried out on data sets to meet 
statistical assumptions when appropriate, but the degree of skewness for 
each data set (question sections 1, 4, and 5) did not allow for parametric 
tests. Therefore, Friedman’s tests and Kruskal Wallis tests were used on 
ordinal and interval data sets respectively to test for significant differ-
ences between the categories of responses. Where appropriate (where p 
< 0.05), their corresponding post-hoc tests (Wilcoxon signed ranks test 
and Pairwise comparisons respectively) were then carried out with a 
Bonferroni correction. This allowed an assessment to identify where any 
statistically significant differences lay between categories of responses. 
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2.3.2. Qualitative responses 
Participants’ comments regarding practical considerations of using 

the listed welfare measures on-site were entered into Nvivo qualitative 
data analysis software (QSR International Pty Ltd., 2020). Certain words 
or phrases were then categorised into “sub-themes”, based on mentions 
of a specific cost or benefit. These sub-themes were thematically coded 
into “nodes” to link the comments to their sub-theme. Based on their 
similar costs or benefits (i.e., whether they impacted farm practices or 
salmon welfare), sub-themes were grouped into 5 general themes. These 
were ‘Advantages to using welfare measure’, ‘Practicalities regarding 
use of equipment & facilities’, ‘Limitations to using welfare measure 
effectively’, ‘Practical limitations to using welfare measure on-site’, and 
‘Negative impacts of using welfare measure’. Separate matrix queries 
were then carried out against participants’ comments for each group of 
welfare measures, which recorded the number of times each sub-theme/ 
theme was mentioned for every welfare measure. The frequency of 
themes mentioned for each group of welfare measures helped in 
comparing the general sentiment of practicality involved between using 
the different welfare measures on-site. 

2.3.3. Relationship between participants’ professional backgrounds and 
their responses 

Where there was no clear consensus in responses across all partici-
pants, we assessed whether any difference in responses were signifi-
cantly correlated with participant’s professional backgrounds. 

For question sections 2, 3, and 6, participants were allowed to list 
and rank their own open-ended responses. Due to the lack of uniformity 
in the type of responses between participants, it was not possible to 
analyse the relationships between responses and backgrounds. Instead, 
these responses were examined separately for the different cohorts. 

For question sections 1, 4, and 5, the homogeneity of responses/ 
ratings between participants allowed for General Linear Models (GLM) 

to be used to examine potential relationships between the participant’s 
background and the responses they provided. Separate GLMs were 
carried out for each background variable (specific production experi-
ence, current job title, or years of salmon farming experience) and the 
responses within each question section. Ratings and background vari-
ables were included as fixed factors. To avoid pseudo replication in the 
GLM tests, participant ID numbers were included as a random effect. 

3. Results 

3.1. Key characteristics of participants 

There was considerable diversity between the 61 participants’ pro-
fessional backgrounds (see Fig. 1). Participants ranged from Farmer 
Trainees to Production Directors, with almost 50% of participants con-
sisting of Farm Managers. Total on-farm experience ranged from <1 to 
39 years, with an average of 14.5 years and more than half of the par-
ticipants having more than a decade of experience in salmon farming. 
The majority of participants (82%) had some form of experience in the 
seawater rearing stage, whereas only 57% of participants had some form 
of freshwater experience. Where GLMs could be carried out, no rela-
tionship was found between these background variables (current posi-
tion, years of experience, and production stage-specific experience) and 
the participants’ responses (p > 0.05). Because of this, most question 
sections are described below with the responses from different cohorts 
combined. 

3.2. Section 1- production stages; relative importance for monitoring 
salmon welfare 

The seawater rearing stage received the highest numerical weighted 
score of relative importance. Significant differences were also found 

Fig. 1. Breakdown of participants’ (n = 61) professional backgrounds, including (a) their current job title, (b) total years of experience in salmon farming, and (c) 
what specific experience they have had across the different production stages. Participants were categorised into 1 of the 4 different groups for each of the 3 different 
background factors recorded. 
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between some of these weighted scores (X2 = 10.25, df = 3, P < 0.05, see 
Fig. 2). Seawater rearing and smoltification received comparable 
weighted scores. Although there were significant differences found be-
tween certain production stages, no single stage scored significantly 
different from all 3 other stages. 

3.3. Section 2 - overall farmed salmon welfare concerns 

Out of the 10 highest scoring categories of welfare concerns listed 
(see Fig. 3), 55% of the total weighted score was accounted for by the top 
3 scoring categories (‘Sea lice’, ‘Gill health’, and ‘Environmental chal-
lenges’). When listing ‘sea lice’ as a concern, 9 participants specifically 
referred to treatments for sea lice as one of their largest overall welfare 
concerns. A significant drop in the weighted scores followed, with ‘In-
terventions’ (largely relating to stress during and after treatments) being 
the next highest scoring welfare concern. Due to the open-ended nature 
of responses in this question section, statistical analysis could not be 
carried out to relate responses to participant backgrounds. However, 
qualitative differences in weighted scores between welfare concerns 
were recognised between participants with experience in different pro-
duction stages (see Table 1). 

3.4. Section 3 - husbandry practices requiring the most attention 

In contrast to welfare concerns, there was far more of an agreement 
between participants regarding what husbandry practices they consid-
ered required the most attention in monitoring salmon welfare. Out of 
the 12 categories of husbandry practices mentioned by participants, 
68% of the total weighted score was accounted for by the top 2 scoring 
categories (‘Interventions’, and ‘Handling’). The next highest scoring 
category, ‘Feeding’, accounted for 9% of the total weighted score (see 
Fig. 4). 

3.5. Section 4 - on-farm practicality and effectiveness of welfare measures 

Numerically, the 4 highest overall scoring categories of welfare 
measures were ‘Disease/health status of fish by prevalence of conditions 
during routine observations or sampling of individuals’, ‘Changes in behav-
iour (both routine monitoring and husbandry practices)’, and ‘Changes in 
appetite’. Significant differences were found between categories in their 
practicality ratings (Fig. 5; Kruskal Wallis test: H = 143.68, df = 11, P <
0.001). There was no significant difference found between the 7 highest 
numerical scoring categories of welfare measures (P > 0.05). Three of 
these categories, however, had the largest number of significant differ-
ences found compared to the remaining 9: ‘Disease/health status of fish by 
prevalence of conditions during routine observations or sampling of 

individuals’, ‘Changes in behaviour (routine monitoring)’, and ‘Changes in 
appetite after potentially disturbing husbandry practices’. 

Significant differences were found between categories in their 
effectiveness ratings (Fig. 6; Kruskal Wallis test: H = 79.57, df = 11, P <
0.001). There was no significant difference found between the 9 highest 
scoring categories of welfare measures (P > 0.05). The 3 aforementioned 
categories, along with ‘Changes in behaviour (husbandry practices)’ were 
the highest numerical categories by effectiveness. These 4 categories 
had the largest number of significant differences found compared to the 
remaining 8 categories. Pairwise comparisons showed that, for practi-
cality or effectiveness, no single category of welfare measures scored 
significantly differently from all the other 11 categories. 

3.5.1. Participants’ practical considerations for on-farm use of welfare 
measures – thematic analysis 

A total of 384 comments were received regarding various consider-
ations about using the listed welfare measures on-site (see Fig. 7). 
Comments on how these measures were either ‘Already taken as part of 
farming routine’ or ‘Easy to use and monitor on a consistent basis (if needed)’ 
accounted for 88 of the 96 statements regarding the ‘Advantages to using 
welfare measures’. With the exception of ‘Assessing welfare by presence/ 
absence of enrichment’, these comments were made at least once for all 
other welfare measures listed. Out of the 8 remaining comments 
regarding advantages, 5 were exclusive to measures involved in ‘Changes 
in behaviour’, stating how such measures could act as early warning signs 
for arising issues. Conversely, 26 comments were made on ‘Practicalities 
regarding use of equipment & facilities’, all relating to concerns about the 
necessity for specialist equipment to either facilitate the use of, or even 
carry out, the listed welfare measures. Of the 188 comments regarding 
potential ‘Limitations to using welfare measures effectively’, 87 stated that 

Fig. 2. Relative importance of monitoring and assessing salmon welfare during 
each production stage, based on weighted scores provided by participants (n =
61). Production stages without matching letters indicate a statistical difference 
(P < 0.05). 

Fig. 3. Top 10 ranked categories of overall farmed salmon welfare concerns 
(out of 16 categories listed), based on weighted scores provided by participants 
(n = 61). The open-ended nature of this question meant that statistical differ-
ences between categories could not be tested for. 

Table 1 
Top 3 highest and lowest scoring welfare concerns, depending on participant’s 
production stage-specific experience.  

Production stage- 
specific experience: 

Highest scoring welfare 
concerns: 

Lowest scoring welfare 
concerns: 

Freshwater only Interventions, Handling, 
Stocking density 

Sea lice, Predation, Farm 
management 

Seawater only Sea lice, Gill health, 
Environmental challenges 

Predation, Interventions, 
Farm management 

Both Freshwater & 
Seawater 

Environmental challenges, 
Sea lice, Gill health 

Farm management, 
Predation, Stocking density  
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‘the quality of information depends on the training and motivation of staff 
involved’. Such comments were made across all measures, but particu-
larly on those assessing physiological measures of stress, external ab-
normalities, and changes in behaviour during monitoring and 
husbandry practices (17, 11, 12, and 10 comments made respectively). 

Another 32 comments regarding limitations involved the difficulty of 
‘ensuring a representative sample size’; these comments were made at least 
once for all welfare measures that involved assessing the salmon 
directly. Other limitations mentioned included ‘inherent subjectivity in the 
use of the welfare measure’, ‘welfare measure cannot be used in isolation’, 
and difficulties in ‘using the welfare measure to accurately reflect the sal-
mons’ welfare status’. 

There were 53 comments made on the ‘Practical limitations to using 
welfare measures on-site’. Twenty-nine of these stated that certain mea-
sures ‘may require frequent monitoring, which could be costly or time 
consuming’. The majority of the 29 comments (17) were specific to 
assessing physiological measures of stress, external abnormalities, and 

acute injuries during husbandry practices. Another 22 comments on 
practical limitations stated that the use of various measures ‘requires 
good weather’. Out of the 21 comments regarding potential ‘Negative 
impacts of using welfare measures’, 15 were made about welfare measures 
that were likely to require invasive sampling to carry out (assessing 
physiological measures of stress, external abnormalities, and assessing 
disease/health status). All 15 of these comments specifically involved 
concerns about there being a ‘Significant potential for damage, stress, or 
mortality to be caused’ to the salmon as a result of using these welfare 
measures. 

3.6. Section 5 - relevance and urgency for R&D of welfare assessments 

No significant differences were found between the relevance ratings 
of the different research priorities (Fig. 8; Kruskal Wallis test: H = 6.56, 
df = 4, P = 0.161). With regards to urgency ratings, one significant 
difference was found between the research priority ‘Developing welfare 

Fig. 4. Top 6 ranked categories of husbandry practices (out of 12 categories listed) that participants believed require the most attention in terms of monitoring 
salmon welfare, based on weighted scores provided (n = 61). The open-ended nature of this question meant that statistical differences between categories could not 
be tested for. 

Fig. 5. Mean practicality ratings of the 12 ranked 
categories of salmon welfare measures listed, based 
on ratings provided by participants (n = 60). Error 
bars show 95% confidence intervals. Categories with 
no matching letters above the error bars indicate a 
statistical difference (P < 0.05). 
DHS, ‘Disease/Health status by prevalence of condi-
tions; CBR, ‘Changes in behaviour (routine moni-
toring)’; CA, ‘Changes in appetite’; SD, ‘Stocking 
density’; CBH, ‘Changes in behaviour (husbandry 
practices)’; WQ, ‘Water quality’; PP, ‘Production pa-
rameters’; DTW, ‘Duration of time out of water’; GEX, 
‘Grading by external abnormalities’; PAI, ‘Presence of 
acute injuries’; IPM, ‘Individual physiological mea-
sures of stress’; AWE, ‘Assessing welfare by 
enrichment’.   
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indicators that allow for remote monitoring of salmon’ and ‘Developing more 
fish/user friendly methods for welfare indicators which currently require 
sampling of the fish’ (Fig. 8; Kruskal Wallis test: H = 13.374, df = 4, P =
0.01. 

3.7. Section 6 - farming routines most practical for monitoring salmon 
welfare 

Out of all routines, ‘Health checks’ and ‘Feeding times’ accounted for 
61% of the total routines mentioned as being the most practical as an 
opportunity to assess welfare (see Fig. 9). In comparison, ‘Routine cage/ 
tank inspection’, ‘Video monitoring’, and ‘Grading and/or transfer’ 
collectively accounted for 36% of the routines selected. Any mentions of 
routines by participants outside of the list provided (‘Other’) accounted 
for just 4% of total routines selected. Any mentions of routines by par-
ticipants outside of the list provided (‘Other’) accounted for just 4% of 
total routines selected. 

4. Discussion 

Ascertaining what best approaches there are to the assessment and 
management of on-farm salmon welfare issues is, ultimately, one of the 
first steps towards addressing these issues. The results from this survey 
represent opinions on this matter from professionals across various 
production stages within the Scottish salmon farming industry. Owing to 
the sample size, this survey cannot claim to be representative of the 
industry’s views as a whole. However, the variety of farming experience 
of the participants involved is an encouraging sign that the survey has 
succeeded in obtaining valuable insights from a diverse range of pro-
fessionals directly involved with farmed salmon. Despite such variation 
in experience between participants, and some differences on what 
constitutes the largest overall concerns facing farmed salmon, there was 
a strong consensus on what areas of welfare monitoring and research 
priorities the industry must focus on to safeguard the future of farmed 
salmon welfare. 

When participation in a survey is voluntary, it is important to reduce 
recruitment bias wherever possible (Fox et al., 2009). From the combi-
nation of the various recruitment methods, particularly with some of the 
largest salmon producers in Scotland agreeing to contact their entire 
production team to encourage participation, a reliable assumption can 
be made that as many of the Scottish salmon production staff as possible 
were at least informed of the opportunity to participate. In terms of 
reducing any systematic bias introduced by those individuals who chose 

to participate, the variety of professional backgrounds involved in the 
survey also suggests that this bias was limited. 

4.1. Key areas of concern within salmon farming 

Seawater rearing received one of the highest scores of relative 
importance, and this was not solely explained for by the largest pro-
portion of respondents having seawater experience. Participants with 
only freshwater experience still scored the seawater rearing and fresh-
water stage almost identically (<1% difference in total weighted score). 
The relative importance of salmon welfare during seawater rearing may 
be partly due to this stage representing the largest portion of the sal-
mon’s overall life cycle (Superior Fresh, 2019; Scottish Sea Farms, 
2021). There are also key welfare concerns specific to this stage which 
may further explain the participants’ views on its importance. Sea lice, 
which received the highest numerical weighted score of welfare con-
cerns in this survey, are also present exclusively in this production stage. 
Sea lice have a longstanding reputation as one of the largest welfare risks 
to farmed salmon in the marine environment, and as one of the most 
damaging parasites to the salmonid farming industry worldwide (Cost-
ello, 2006; Brown et al., 2008). Infestations are known to cause physical 
damage to the host’s skin, potentially leading to reduced appetite and 
growth, as well as increased physiological stress through osmoregula-
tory dysfunction (Thorstad et al., 2015; Abolofia et al., 2017). A further 
indirect consequence of sea lice are delousing operations, particularly 
through mechanical and thermal methods, which have been known to 
impact salmon welfare and, in some cases, lead to increased mortality 
rates (Overton et al., 2018, 2019). This concern was also reflected by 9 
of the participants in this survey. 

Regardless of how important participants believe that the seawater 
rearing stage is for overall salmon welfare, it is important to recognise 
that each production stage listed still scored relatively highly in terms of 
importance by each cohort of participants. Therefore, similar consider-
ation must still be given to salmon welfare during all production stages. 

Gill health was the second largest concern for welfare, concurring 
with the growing concern over poor welfare and increasing losses 
related to gill disease in Atlantic salmon worldwide (Mitchell and 
Rodger, 2011; Gjessing et al., 2017). A monthly mortality report by the 
SSPO in June (SSPO, 2021) showed that where a Scottish farm listed a 
mortality rate of 3.4% or higher, it was linked to either gill health, gill 
management (e.g., treatments for gill health) or viral challenges. The 
three highest mortality rates listed (9.5%, 7.2%, and 5.7%) were all 
related to gill health issues. Gills are naturally exposed to the constantly 

Fig. 6. Mean effectiveness rating of the 12 categories 
of salmon welfare measures listed, based on ratings 
provided by participants (n = 59). Error bars show 
95% confidence intervals. Categories with no 
matching letters indicate a statistical difference (P <
0.05). 
DHS, ‘Disease/Health status by prevalence of condi-
tions; CBR, ‘Changes in behaviour (routine moni-
toring)’; CBH, ‘Changes in behaviour (husbandry 
practices)’; CA, ‘Changes in appetite’; WQ, ‘Water 
quality’; PP, ‘Production parameters’; PAI, ‘Presence 
of acute injuries’; SD, ‘Stocking density’; GEX, 
‘Grading by external abnormalities’; IPM, ‘Individual 
physiological measures of stress’; DTW, ‘Duration of 
time out of water’; AWE, ‘Assessing welfare by 
enrichment’   
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changing physico-chemical properties of the surrounding water, as well 
as to numerous aetiological agents such as algal blooms, jellyfish 
swarms, viruses, and bacteria that can compromise gill health (Steinum 
et al., 2010; Baxter et al., 2011; Mitchell and Rodger, 2011; Rodger 
et al., 2011; Gjessing et al., 2017). ‘Complex gill disease’ has also 
become a growing issue for farmed salmon, particularly in the marine 
environment over the past few years (Herrero et al., 2018; Boerlage 
et al., 2020). 

The degree of concern relating to environmental challenges was 
comparable to that of gill health. In a welfare risk assessment carried out 

for EFSA, abiotic hazards (mainly water quality) were a concern across 
all life stages of Atlantic salmon (Brown et al., 2008). Welfare concerns 
relating to environmental challenges in both this survey and the EFSA 
risk assessment mostly included concerns about water quality, as well as 
the issue of ensuring that appropriate enclosures were used and main-
tained. This includes selecting suitable site locations for sea cages. With 
sea cages being exposed to uncontrollable environments, water currents 
and low water O2 content have previously been identified as the abiotic 
hazards with the most potential to affect the physiology, behaviour, and 
ultimately welfare of farmed salmon (Brown et al., 2008; Hvas et al., 

Fig. 7. Coding frequency for main themes of practicality mentioned by participants (n = 53) when given the option for providing comments on the practical 
considerations of the welfare measures listed. 
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2021). 

4.1.1. Freshwater production staff highlighted the importance of 
interventions & handling 

Responses regarding welfare concerns were the most varied in this 
survey when compared against participants’ experience in specific 
production stages. Considering that the survey had significantly more 
participants with seawater experience, the overall scores for welfare 
concerns may have represented concerns that can be found more within 
seawater rearing. Therefore, concerns listed by participants with only 
freshwater experience have been considered separately. 

In contrast to other participants, freshwater production staff ranked 
sea lice as one of the three lowest concerns for salmon welfare. Since sea 
lice exclusively affect the seawater stage, staff lacking first-hand expe-
rience in dealing with this parasite may not appreciate the true extent of 
their impacts. Environmental challenges were also far less of a concern 

to freshwater staff, potentially due to environmental parameters being 
easier to control in freshwater systems compared to seawater cages 
(Brown et al., 2008). Instead, interventions (largely relating to treat-
ments) of salmon were their highest overall welfare concern, followed 
by handling and stocking density. The immediate impacts from invasive 
events such as treatments, vaccinations, and handling may be more 
visible to freshwater production staff, and could potentially explain why 
they ranked these welfare concerns much higher. 

The importance of interventions and handling was also reflected in 
which husbandry practices participants believed required the most 
attention in terms of monitoring salmon welfare. Across all groups of 
participants, interventions and handling were of the highest priority. 
Various handling procedures can lead to acute stress, injury, weakened 
osmoregulatory abilities, and increased disease incidence in salmon 
(Ashley, 2007; Brown et al., 2008; Powell et al., 2015). Fish suffering 
from disease or injury are already under physiological stress, and are 
therefore susceptible to the cumulative stress that can occur during 
certain treatments (Marcos-López et al., 2017). Careful monitoring of 
salmon welfare is therefore required during interventions and any 
handling prior to these practices must be minimised due to the high risk 
of impact to health and welfare at these times. 

4.1.2. Discrepancies in perceived importance of husbandry practices and 
concerns; staff knowledge, staff training, slaughter, and transport 

The importance of staff training and biosecurity for salmon welfare 
across all life stages has been frequently mentioned in previous studies 
(Brown et al., 2008). Through interviews of employees at various 
company levels, Størkersen et al. (2021) concluded that daily tasks on- 
site were considered to make the most positive contribution to fish 
welfare. Production staff play an important role by sharing knowledge, 
developing, and executing routines to protect farmed fish (Størkersen 
et al., 2021). However, participants in this survey were more concerned 
with the issues mentioned above (sea lice, gill health, environmental 
challenges, risks associated with interventions) than with staff training 
and farm management. This discrepancy may partially be the result of 
participants being limited to listing only 3–5 of their most significant 
welfare concerns facing salmon welfare. Rather than dismissing the 

Fig. 8. Mean relevance and urgency ratings of the 5 research priorities listed, based on ratings provided by participants (n = 59). Error bars show 95% confidence 
intervals. Research priorities with no matching letters indicate a statistical difference (P < 0.05), with relevance and urgency ratings being compared separately. 
LABWI = Laboratory-Based Welfare Indicator, OWI = Operational Welfare Indicator. 

Fig. 9. Most suitable opportunities for monitoring welfare measures on site 
during a farm’s daily routine, based on the relative proportion of times they 
have been mentioned by participants (n = 60) as a suitable opportunity for 
monitoring certain welfare measures on-site. 
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importance of training and management, these may have simply been 
less important to the participants than animal-based concerns that 
directly affect the salmon. In addition, handling and environmental 
challenges potentially overlap with concerns relating to staff training 
and farm management, which could further explain their underrepre-
sentation in these results. 

Overall, participants in this survey also scored transport and 
slaughter far lower than interventions, handling, or even feeding. This is 
in stark contrast to the literature, which have often considered processes 
relating to slaughter and transport as serious threats to welfare (Poli 
et al., 2005; Erikson et al., 2016). Participants in this survey may have 
treated any of the handling, crowding, or grading that occurs prior to 
these two practices as separate to the actual slaughter/transport process 
themselves. The procedures immediately prior to slaughter/transport 
could potentially account for a large portion of the concern associated 
with them. This difference in opinion may also be partially explained by 
the fact that transport and slaughter represent a relatively small fraction 
of the salmon’s overall life cycle. In comparison, examples of in-
terventions or handling can occur many times over, leading to a larger 
cumulative effect on the salmon’s overall welfare status. 

Variation was also found in welfare concerns between participants 
with different farming experience, and this in turn may be related to the 
specific challenges faced in each stage of production (Noble et al., 2018). 
When concerns vary between stakeholders and even within the industry, 
identifying welfare priorities becomes complex. Although certain wel-
fare concerns have been identified in this survey as the “largest” con-
cerns by participants (e.g., sea lice, gill health, environmental 
challenges, risks associated with interventions), this serves mainly to 
inform on some of the major concerns present in Scottish salmon 
farming. At the very least, equal consideration must still be given to any 
of the welfare concerns from each production stage and husbandry 
practice for which participants have repeatedly mentioned. 

4.2. Welfare monitoring and assessment - key areas of focus 

4.2.1. Suitability of on-farm welfare measures for non-invasive, remote 
monitoring 

Participant responses indicated that, for the majority of welfare 
measures, there was no difference between their practicality or effec-
tiveness. No single category was statistically different from all remaining 
11 categories in either rating. However, welfare measures relating to 
monitoring changes in behaviour, appetite, or the disease/health status 
of the salmon were found within the highest scoring group of categories. 
Collectively, these categories of welfare measures had significant dif-
ferences with the largest number of other categories in both practicality 
and effectiveness ratings. Out of the categories listed, these welfare 
measures also constitute a broader class of animal-based, non-invasive 
measures that can be monitored remotely. 

While the ratings produced some quantifiable indication of how 
appropriate these measures are for on-farm use, additional comments 
gave participants’ the opportunity to give further detail on this topic. 
With the exception to assessing welfare by the presence/absence of 
enrichment, all remaining measures listed were mentioned at least once 
as having the advantage of either already being recorded on-site or able 
to be readily measured as part of the farming routine. This is reflected in 
the high practicality scores across the majority of measures listed. The 
group of animal-based, non-invasive measures that can be monitored 
remotely continued to maintain a more positive sentiment around their 
use on-site. More than half of the remaining comments regarding ad-
vantages to using these welfare measures were exclusive to monitoring 
changes in behaviour. Participants also believed that the use of these 
measures posed fewer risks for salmon welfare compared with other 
animal-based measures. This is in accordance with the previously 
mentioned sentiment (in 4.1.1) that handling of the salmon must be 
minimised. Additionally, monitoring changes in behaviour may also 
provide early warning signs for issues that arise on-site (Huntingford 

et al., 2006; Oppedal et al., 2011). When compared with other direct 
animal-based measures of salmon welfare, the frequent monitoring that 
may be required for non-invasive measures (monitoring changes in 
behaviour or appetite) were seen as not being as costly or time- 
consuming. 

Participants’ responses suggest that welfare measures that involve 
handling or invasive procedures of the salmon (e.g., sampling in-
dividuals for physiological measures of stress) should be limited, unless 
they are an essential part of the production process. Regular health 
checks are now regarded as a crucial aspect of farming routines for 
protecting health and welfare for salmon (Rey et al., 2019; RSPCA, 
2021). This likely explains why participants deemed health checks as 
one of the most suitable opportunities for monitoring welfare, due to the 
valuable welfare-relevant information they already provide. As health 
checks are already required, they provide an opportunity to use valuable 
animal-based measures (e.g., fin damage, sea lice infestation, body/skin 
condition) without causing unnecessary stress. For all animal-based 
welfare measures, however, participants noted a number of limita-
tions. Any measures involving a direct assessment of the salmon face the 
challenge of obtaining a representative sample of the fish. Specialist 
equipment may also often be required. The most frequently mentioned 
limitation when using these animal-based measures was their de-
pendency on the motivation and training of staff. This is in contrast to 
the low ratings that staff knowledge and training received as an overall 
welfare concern. This suggests that, while participants appreciated the 
importance of staff training and knowledge relating to monitoring and 
safeguarding salmon welfare, they did not believe that this was currently 
a major concern to farmed salmon welfare. Participants also recognised 
the importance of using multiple measures to avoid the subjective bias 
that may arise from any single measure (Sneddon et al., 2003). 

Practicality and effectiveness ratings did not provide any informa-
tion on the need for further developments. In order to identify areas of 
welfare assessment that are both appropriate for on-farm use, and 
require further development, these ratings have to be considered with 
the identified research priorities. 

4.2.2. Key areas of development in welfare monitoring and assessment 
All research priorities were deemed equally relevant for improving 

the monitoring and safeguarding of salmon welfare. Given their equal 
relevance, they can only be differentiated by their urgency ratings. The 
development of remote monitoring was seen as the most urgent, which 
may have been highlighted to participants by the restricted access to 
sites for farm staff during the 2020 COVID-19 pandemic (Murray et al., 
2021). These restrictions would have likely had a significant impact on 
the degree of active surveillance that was possible during the lockdown 
period, with in-person audits being replaced with virtual assessments for 
2 months (FishFarmingExpert, 2020; Murray et al., 2021). Relying on 
virtual assessments could hinder the ability for certification bodies to 
safeguard salmon welfare due to the limited amount of information that 
can be obtained. These events have likely demonstrated the necessity of 
having welfare measures that can be used without requiring staff on-site. 
This would include passive, non-invasive measures that could be 
recorded through the use of remote sensors, or video/acoustic moni-
toring (Føre et al., 2011; Brijs et al., 2021; Bell et al., 2022). High ur-
gency ratings for remote monitoring as a research priority suggest that 
measures currently available may not yet be developed enough to fulfil 
this role. 

4.2.3. Improving non-invasive, animal-based and remote welfare 
monitoring on-site – a case for behavioural welfare measures 

Behavioural measures were identified as a promising candidate for 
non-invasive and remote welfare monitoring. The potential benefits of 
their implementation into practical farm-management strategies have 
already been acknowledged (Dawkins, 2003; Huntingford et al., 2006; 
Oppedal et al., 2011; Martins et al., 2012; Miller et al., 2020; Barreto 
et al., 2021; O’Donncha et al., 2021). Although direct measures of 
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animal welfare tend to be the most informative, their use often comes 
with the cost of either being time-consuming, technically complex, or 
causing disturbances to the fish (Huntingford et al., 2006). In contrast, 
behavioural indicators are one of the few animal-based measures that 
benefit from being comparatively fast and easy to observe (Huntingford 
et al., 2006; Martins et al., 2012). Effective inclusion of behavioural 
indicators with other evidence of an animal’s health could help to 
identify pre-clinical signs of health problems (Dawkins, 2003). 
Improving the ability for farm staff to recognise and prevent problems 
before they can severely impact stock is beneficial not only to the fish, 
but for farm production. Further innovations in camera technology and 
image processing may allow for significantly improved on-farm sur-
veillance of salmon behaviour (Saberioon et al., 2017). 

While video monitoring accounted for just 11% of the routines 
mentioned as most suitable for monitoring salmon welfare, it is impor-
tant to consider that camera systems are already routinely used to 
monitor feeding and swimming behaviours in commercial aquaculture 
facilities (Pinkiewicz et al., 2011). Feeding times, which accounted for 
29% of the routines mentioned, also provide opportunities for assessing 
behavioural patterns either through video or acoustic devices (Martins 
et al., 2012; Hassan et al., 2019). It is not clear if scientific research could 
ever provide a robust measure of salmon’s subjective experiences 
(Mason and Mendl, 1993; Fraser et al., 1997; Broom, 1998; Dawkins, 
1998; Jarvis et al., 2021). Behavioural analysis is currently the only tool 
which provides any relevant insights (Turnbull and Kadri, 2007; Folk-
edal et al., 2012; Martins et al., 2012; Zhao et al., 2018; Hassan et al., 
2019). A promising approach for gaining such insights is Qualitative 
Behavioural Assessment (QBA), which describes and quantifies expres-
sive qualities of an animal’s dynamic body language using qualitative 
behavioural terms (Jarvis et al., 2021). There are, however, risks of 
misinterpreting changes in behaviours (Weary and Fraser, 1995; Daw-
kins, 2003). Welfare assessments should therefore not rely solely on 
behaviour or any single welfare measure, and rather use an integrated 
approach of various measures (Jarvis et al., 2021). 

5. Conclusion 

In terms of key areas of focus for salmon welfare, seawater rearing 
and sea lice are of particular importance. Gill health and environmental 
challenges (mainly relating to water quality) are two other key welfare 
concerns perceived to threaten salmon welfare. Participants emphasised 
the importance of monitoring salmon welfare during husbandry prac-
tices where contact and disturbance to the fish is unavoidable, partic-
ularly during handling and interventions. Further reflecting the 
importance of minimised handling, this survey has identified that non- 
invasive, animal-based welfare measures (particularly those involving 
behavioural assessment) as one of the most opportune areas for further 
developing the practicality and efficacy of on-farm salmon welfare 
assessments. 

The results from this survey have also exemplified that no single 
measure allows for a comprehensive assessment of farmed salmon 
welfare, and that there are significant welfare concerns which can be 
unique to a husbandry stage or practice. Protecting farmed salmon 
welfare will therefore depend on the industry’s ability to address the 
major concerns specific to each of these. This reflects the importance of 
using an integrated approach to welfare assessments that combines 
behavioural, physiological, and production-based parameters. Future 
research should examine potential relationships between behavioural 
and physiological welfare measures to help validate the use of behav-
ioural assessments when interpreting the welfare status of salmon. 

The economic and social aspects of any industry are well established 
dimensions of its sustainability (UN General Assembly, 2015). With 
regards to the Scottish salmon farming industry, the public’s perception 
of welfare issues are central to both of these pillars. This survey has 
helped provide direction for further developing the practicality and ef-
ficacy of on-farm welfare assessment and management, and has 

therefore contributed one step further to advancing farmed salmon 
welfare. As a result of aiding social acceptance through improved 
salmon welfare, this work will further add to the potential sustainability 
of salmon aquaculture. 
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