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Editorial on the Research Topic
 The future of farm animal welfare science: selected papers from the 9th international conference on the Welfare Assessment of Animals at Farm Level (WAFL)




The welfare of farm animals is central to the sustainability of food production. Valid and practical methods for assessing animal welfare on farms, during transport, and at slaughter are key to ensuring that their welfare is protected and are increasingly required for the production and marketing of animal products worldwide. The development of assessment methods and sound animal welfare policy should be based on a solid foundation in animal welfare science, as well as an understanding of the social factors that influence improvements in farm animal welfare. Launched in 1999, the Welfare Assessment of Animals at Farm Level (WAFL) is an international conference held every 3 years that focuses specifically on these issues (1). This Research Topic features papers submitted to the 9th WAFL International Conference, which was held in Florence, Italy, on August 30–31, 2024.

One major theme at WAFL 2024 was “New Frontiers in the Assessment of Animal Welfare On-Farm.” Under this topic, Czycholl et al. conducted a systematic review of the scientific literature on fixed-list Qualitative Behavior Assessment (FL-QBA), a whole-animal approach to capturing affective expression that complements conventional welfare indicators. They identified 193 peer-reviewed FL-QBA papers and showed how the method has diversified. The review provides a deep methodological examination of these studies by identifying wide variations in fixed-list development, observer training/reliability, observation format and duration, VAS design, and analytics, along with inconsistent reporting, making cross-study comparisons and standard-setting challenging. This paper is a must-read for researchers planning on using the FL-QBA approach. Day et al. contributed a novel, data-driven approach to solving one of the core challenges in welfare assessment: selecting efficient yet informative sets of welfare indicators under practical constraints. By developing and testing an optimisation algorithm grounded in risk assessment frameworks, the authors demonstrate how indicator selection can be tailored across species and contexts while maintaining scientific robustness and practical feasibility. Markland, et al. addressed a central challenge in farm-level welfare assessment by examining how damaging and aggressive behaviors in pigs relate to the development of ear, tail, and flank lesions across production stages. By identifying stage-specific associations and the thresholds at which behaviors result in lesions, the study highlights the complexity of using behavioral indicators as early warning signals of compromised welfare in intensive pig production systems.

Although the WAFL conference focuses on the welfare of animals, the humans surrounding the animals are equally crucial and influence animal welfare outcomes. From another of the conference themes, “Humans in the Loop,” Tamminen, et al. explored how dairy farmers and other stakeholders perceive and negotiate the meaning, usefulness, and feasibility of automated welfare monitoring tools. The findings reveal tensions between expectations, agency, and infrastructural constraints, underscoring the importance of co-development, shared understanding, and long-term advisory support for the successful implementation of welfare technologies on farms. Olmos Antillón, et al. extended welfare science beyond biological assessment by examining how the perceived social value of animals shapes veterinary antimicrobial use across species and countries. Using social practice theory, the authors reveal species-based hierarchies of care that influence diagnostic rigor, treatment decisions, and follow-up practices, with important implications for antimicrobial stewardship, animal welfare, and public health. Lundmark Hedman et al. provided a look at welfare assurance schemes by comparing how Swedish official animal welfare inspectors and private welfare auditors experienced their own on-farm inspections. Using a national questionnaire, the study showed that both groups generally enjoyed the work and emphasized good dialogue and uniform assessments as critical for effective inspection, while also acknowledging the difficulty of maintaining uniformity in real-world settings. Official inspectors more often reported unpleasant situations and a more skeptical view of animal keepers' welfare knowledge and conditions, whereas private auditors more often encountered keepers who appeared prepared and relaxed. The paper highlights better collaboration, inspector training, and information sharing as practical ways to strengthen animal welfare governance.

WAFL 2024 also explored the “Future of Animal Welfare through Policy and Science.” Data-driven decision-making tools, such as Benefit Cost Analysis (BCA), are often used by policymakers to address aspects of human health and welfare or the environment. These approaches require monetizing and weighing all costs and benefits of a policy, even intangible ones like quality of life or air quality. Here, Fischer provides a perspective on how animal welfare scientists and veterinarians can and should collaborate with economists, policy analysts, and philosophers to develop valuation methods that best represent animal welfare in policy decisions. Foris et al. critically examine the role of animal welfare scientists in shaping the development, validation, and implementation of AI-based welfare assessment tools. Framed within the One Welfare concept, the authors discuss scientific, ethical, and practical uncertainties, emphasizing that meaningful welfare gains depend on interdisciplinary collaboration and careful consideration of embedded values and real-world impacts. A vast variety of measures have been developed and tested for use in animal welfare assessment protocols under commercial conditions, and there is a need for standardization and harmonization if they are to be used for benchmarking and comparing the status of farm animal welfare across regions and settings. In their literature review, de Jong et al. reviewed over 250 scientific articles on farm animal welfare assessment protocols published between 2013 and 2023 to determine how measures represented the five welfare domains and aligned with the European Food Safety Authority (EFSA) welfare consequences. From this, the authors identified strengths, weaknesses, and areas in need of future development, especially for understudied species.

How to apply science to practice is another focus of WAFL. Tadich et al. addresses an underrepresented group of animals and the limited research attention it has received. The paper investigates the physiological responses of mules to increasing load weights under controlled conditions. By identifying workload thresholds that elicit measurable stress responses while remaining within adaptive limits, the paper provides much-needed empirical evidence to inform welfare-relevant guidelines for the management and use of working equids. Phelipon et al. examine whether the fundamental welfare needs of horses—access to forage, freedom of movement, and social interactions (the “3Fs”)—are respected in high-level sport horses and how their provision relates to behavioral and physical welfare indicators. Based on on-farm assessments of internationally competing horses, the study identifies consistent associations between fewer restrictions and improved welfare outcomes, but high variability in the implementation of the 3Fs. The authors conclude that compliance with core welfare principles is both feasible and beneficial in elite horse sport contexts.

Cow–calf contact systems (CCS) are gaining interest as more “natural” alternatives. Foster CCS may be a compromise, as selected cows nurse multiple calves and are usually not milked during this period. Zipp et al. conducted a study on a large organic commercial dairy farm in Germany to evaluate some aspects of fostering cows' welfare. Foster cows experienced a higher risk of teat lesions, especially during the mid-nursing period, with no clear negative effects on teat skin dryness, overall body condition, or fertility. Teat lesions are a welfare concern because they can be painful, increase infection risk, and indicate aversive cow–calf interactions. Rademann et al. used a Welfare Quality® assessment to compare the welfare of the calves and heifers raised under CCC systems with those experiencing early separation on commercial dairy farms. Farms practicing CCC achieved higher welfare scores across behavioral, management, and resource-based indicators, especially for positive emotional state, appropriate behavior, space allowance, and access to pasture, whereas differences in physical health were less pronounced. These studies illustrate how standardized, animal-based welfare assessments can distinguish welfare outcomes between management systems and provide evidence relevant to on-farm decision-making and policy.

Overall, these papers highlight both the advances in animal welfare assessment science and the applications on farms and in governance. Together, they reinforce WAFL's core message: rigorous methodology, transparent implementation and positive human relationship are all essential to delivering measurable and credible improvements in farm animal welfare.
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Societal concerns for animal welfare extend to all domestic species, including high-level sport horses. The welfare of these horses, notably highlighted during the recent Olympics, has garnered significant public interest, prompting inquiries into their living conditions. Animal welfare studies have emphasised three key needs crucial to equine welfare: unlimited access to forage, freedom of movement, and social interactions with peers, commonly referred to as the “3Fs”—access to Forage, Freedom of movement, and interactions with Friend conspecifics. However, the feasibility and benefits of satisfying these needs specifically for sport horses remain unexplored. Indeed, they may face unique challenges such as high physical workload, extensive travel, limited time in their home stables, weight management, and high economic value necessitating careful handling. Consequently, restrictions on feeding, freedom of movement, and social contact are often deemed necessary. This field study aims to assess the actual level of implementation of welfare in high-level sport horses by evaluating body condition, injury risk, and behavioural welfare indicators in their home stable. To achieve this objective, the welfare of 56 high-level sport horses competing internationally was assessed using behavioural indicators of welfare through scan sampling (abnormal behaviours, i.e., stereotypies, aggression towards humans, withdrawn behaviour, and alert behaviours; positions of the ears in a backward position while foraging, watching behaviours, and through other Animal Welfare Indicators (AWIN) protocol measures). This study shows that there exists a large variability among horses regarding their access to the 3Fs, with some of them having a lot of restrictions and others not, meaning it is possible to respect them while competing at a high level. Second, we observed that the fewer restrictions the horses experience regarding the 3Fs while in their home stables, the better their welfare, as demonstrated by the indicators we assessed. These results undeniably support the fact that unrestricted access to forage, the ability to move freely outdoors, and the opportunity to interact socially with conspecifics are fundamental needs of horses that could be provided to horses, also to high-performance ones. It is therefore essential that solutions are put in place to ensure that these conditions are met.

Keywords
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1 Introduction

The welfare of high-level sport horses used in equestrian sports, and in particular the Olympic Games, is a growing societal issue that the International Equestrian Federation has recognised and responded to by setting up the Equine Ethics and Welfare Commission.1 There are many studies on the factors that promote the welfare of horses (1), including high-performance horses (2–4). However, high-level sport horses usually have very specific living and working conditions (2). They can undergo intensive daily training, travel extensively worldwide for competitions, spend limited time in their home stables, require careful weight management, and have high sentimental and economic value necessitating close monitoring, particularly to prevent injuries. Consequently, for their owners, restrictions on feeding, freedom of movement, and social interactions with conspecifics are often deemed necessary for the management of these conflicts, which arise between the demands of competition and the horse’s basic needs (5–8).

Restrictions of these natural needs negatively impact the welfare of horses (1). The three criteria related to these needs are called in the equine sector as the “3Fs”, a term first introduced by the equine behaviourist L. Fraser (Forage, Freedom, and Friends) and defined as groups of needs of horses that should be satisfied by horses.2 Unlimited forage is essential for the horse’s physiological needs as it can eat up to 16 h a day, providing fibres throughout the day (9). It has been observed that forage deprivation can rapidly cause health problems such as gastric ulcers (10) and metabolic changes (11). Food restriction can also lead to the development of abnormal behaviours, as suggested by studies showing a link between a higher prevalence of stereotypies and a limited quantity of hay in horses (4, 12). Freedom of movement, or the ability to move freely outside of working or training hours, is an essential criterion for a horse’s welfare. If this need is not met, it can affect their mental and physiological health (1, 4, 13–15). It has been shown that freedom of movement, whether in the paddock or pasture, reduces stereotypy (4, 16) and aggression towards humans (16). In addition, certain stress markers such as glucocorticoids decrease following locomotor activity (17), and oxytocin levels have been shown to increase during a daily paddock release period (4). Finally, as horses are social beings living in groups under natural conditions, long-term bonds are essential to them (18). Deprivation of social contact from a very young age affects horse welfare. The study by Heleski et al. (19) showed that young horses living individually in stalls exhibited more abnormal behaviours such as licking or chewing the stall than those living in groups. Another study showed that 67% of the young horses in the study developed at least one stereotypy when housed individually for the first time (20). Furthermore, being in an individual stall also has long-term effects, and the longer a horse is in an individual stall, the more likely it is to develop unresponsiveness to its environment (13). Finally, the restriction of social contact with other conspecifics also has a physiological impact, with individually housed horses showing impaired glucocorticoid levels as a marker of stress (21).

Despite the extensive literature on the impact of these 3Fs on welfare, studies are often limited to similar types of horses from equestrian centres, and sometimes racehorses (12, 22), with high-level sport horses rarely included (2–4). However, high-level sport horses have unique characteristics as described above. It is therefore necessary to study in more detail the possibility of assurance of 3Fs in these specific horses.

In horses, welfare can be evaluated through various indicators or protocols (23–29). One set of indicators concerns the prevalence of abnormal behaviours, such as stereotypies, that can be defined as a repetitive behaviour caused by frustration and repeated attempts at coping and may also be the result of a central nervous system dysfunction (30). Moreover, three behaviours have been identified as representative of poor welfare in horses: alert behaviours, withdrawn behaviours, and aggressiveness towards humans (31). The position of the ears while the horse eats is also an indicator of the horse’s welfare quality. In fact, it has been shown that horses feeding with their ears turned backward are also those showing a pessimist judgement bias (32) and is described as a reliable indicator of altered horse welfare (25).

Another indicator of a horse’s welfare is the behaviour of standing and scanning the environment. This behaviour is part of the horse’s normal behavioural repertoire as they typically spend between 6 and 10% of their time budget engaging in it (18). However, several studies show that when its prevalence is high, it could be a sign of altered welfare. Indeed, isolated mares exhibited more of this behaviour than mares confined to stalls or in pasture (33). Furthermore, it has been observed that the frequency of observation behaviour in horses is linked to chronic back pain (34). This makes this behaviour an interesting indicator of the horse’s welfare as it is a behaviour that can be easily observed and quantified. In addition to the behavioural indicators of welfare, we incorporated physical measures from the Animal Welfare Indicators protocol for horses (35), as the body condition score and alopecia.

The objectives of the present study were (1) to determine whether the 3Fs (Forage, Freedom, and Friends) are assured in high-level sport horses despite their specific use and (2) to investigate the relationships between categorical variables representative of each “F” and the expression of behavioural and physical indicators of poor welfare. Based on previous studies (1, 15, 22), we hypothesised that a proportion of elite sport horses would meet the 3Fs and that the 3Fs would remain essential for their welfare, notwithstanding their particular living conditions. We predicted that increased access to forage, freedom of movement, and social interactions with conspecifics in their usual stable environment would correlate positively with improved welfare indicators as lower prevalence of abnormal behaviours, reduced instances of backward ear positioning while foraging, and decreased vigilance behaviour. The study also examined the effects of unrestricted forage access on body condition scores and evaluated how increased freedom of movement and social contact influenced injury rates and skin alterations. This approach challenged the common practice of limiting these factors in high-performance horses, typically implemented to prevent injuries and manage weight (2, 7).



2 Materials and methods


2.1 Ethics statement

The authors compiled with the ARRIVE guidelines. The present study was approved by the Val de Loire Ethical Committee (CEEA VdL) and attributed a positive recommendation (authorisation number: CE19 – 2023-3110 – 2).



2.2 Animals studied

Fifty-six high-level sport horses from 13 French private stables were studied (12 mares, 30 geldings, and 14 stallions; mean age ± SD: 10.61 ± 2.69 years). During each visit to the 13 stables, a sample of between two and eight horses was studied over the course of the day. They were competing in show jumping and eventing at international levels, and 11 of them were considered for the French team for the 2024 Olympic Games. The horses were observed in their usual environment (their home stables) between March and September 2023, with the consent of their riders/owners and the French Equestrian Federation. The horses lived in boxes ranging from 13 square metres to 35 square metres (mean ± SD: 24.5 ± 5.7), and their bed material consisted of straw or shavings. Horses were all trained between 5 and 7 days a week, with each session lasting between 30 and 60 min, took part regularly in international competitions (some participating in more than 50 competitions a year), and had regular veterinary and osteopathic monitoring. Their living conditions are detailed below.



2.3 Forage access assessment

We evaluated whether the hay was distributed “ad libitum” or “rationed”. The criteria for unlimited access to hay were either a hay net system or portions large enough to leave sufficient hay when the next portion arrived. Based on this information, horses were grouped into two categories of the variable “access to forage” (F-forage): those with unlimited access to forage during the day and those with rationed forage.



2.4 Freedom of movement assessment

Freedom of movement assessment was determined according to the type of accommodation for each horse. The main type of housing (i.e., the housing where the horse spends the most hours during the day) for each horse was evaluated and included three possible levels of the variable “access to free movement” (F-movement): (1) over a 24 h day, the horse lives more outdoors than in the box: in this case, the horse was placed into the category “living more in pasture or paddock than box”; (2) over a 24 h day, the horse lives more in the box than into the paddock or pasture: in that case, the horse was placed in the category “mainly in box”; and (3) the horse lives in the box almost exclusively (goes outside in pasture or paddock for 1 h or less in a week): in this final case, the horse was placed in the category “box exclusively.”



2.5 Social interaction levels’ assessment

Social interaction assessment was determined according to the levels of possible contact with any other horses through their type of housing and evaluated for each horse by the observer during the visit of the stables. Three levels described in the Animal Welfare Assessment Protocol for horses (35) were used to categorise the level of possible social interaction for each horse. If the horse had at least the possibility to nibble and partly groom another horse, it was placed in the first category of the variable “access to social interaction” (F-social) variable labelled “tactile interaction”. This category included horses that could nibble each other through their box or paddock and those that could fully interact with other horses when placed together in a pasture or paddock. The second category included horses that could only sniff each other through the grids of their box or paddock and was labelled “possibility to sniff”. Finally, if the horse could only have visual contact with other horses, it was placed in the category labelled “visual interaction”. In this third category, horses can only see other horses from their box door or window, or from the paddock, but cannot sniff other horses muzzle to muzzle.



2.6 Abnormal behaviour ratio, backward ears ratio while foraging, and watching behaviour ratio

The evaluation of these behaviours was done using the scan sampling method over the course of a whole day by a single person (a PhD student of ethology) who had been previously trained in this method. This method previously described (36) consists of repeatedly observing the horse’s behaviour at regular intervals (here every 2 min). The observer walked discretely 2 m from the stall or paddock and noted the horse’s behaviour at a given moment. The observer should be silent to avoid being spotted by the horse being observed, to avoid any change in behaviour at the time of the observation. In the present study, 56 horses were observed over the course of a day from 9.20 a.m. and 5 p.m. The observer conducted a round every 2 min, moving from one horse to the next and noting the behaviour of each horse under observation (31). However, during the scan sampling observation periods, 16 horses were moved from the study for the purposes of undergoing training, undergoing veterinary check-ups, or otherwise, while they were observed. Consequently, they have been excluded from the subsequent analyses. As a result, 40 horses were observed for a total of 3,412 observations (85.3 ± 25.16).

The abnormal behaviour ratio was calculated from the observations of the scan sampling method. Based on the incidence of any of abnormal behaviours, the ratio included the following behaviours: stereotypies, aggressiveness towards humans, withdrawn, and hypervigilance behaviour. The ratio also included other abnormal behaviours such as gnawing on the bars of the box, gnawing on the feeder, door kicking, weaving, headshaking, crib-biting, licking on non-food, and tongue rolling. All abnormal behaviours are defined in the Supplementary Table S1. The abnormal behaviour ratio for each horse was calculated as follows: number of observations where the horse was displaying an abnormal behaviour divided by the total number of observations of the horse.

A previous study has shown that a chronic negative emotional state could be revealed by backward ears position in eating behaviours (32) and is a reliable indicator of compromised equine welfare (25). Therefore, backward ears while foraging has been used in the present study. Backward ears ratio while foraging was calculated from the observations of the scan sampling method and took into account all observations where the horse was foraging with its ears turned backward (apart during concentrate food distribution times and consumption). Positions of the ears are defined in Table 1. These observations were then divided by the total number of observations where the horse was foraging to obtain the backward ears ratio while foraging for each horse.



TABLE 1 Description of behaviours observed on horse.
[image: Table summarizing abnormal, eating, and watching behaviours in horses, including definitions for stereotypies, aggression, withdrawal, alertness, and specific ear positions, along with brief behavioural descriptions and references in parentheses.]

Watching behaviour ratio also comes from observations of the scan sampling method. In the present study, we took into account all the behaviours in which the horse watched its environment (Table 1). The ratio was calculated by dividing the number of observations where the horse watched its environment by the total number of observations of the horse.



2.7 Physical measures


2.7.1 Assessment of the body condition score

The body condition score was assessed by a single observer who had been previously trained in accordance with the guidelines of the French Horse protocol which is derived from the Animal Welfare Assessment Protocol for horses (35). The body condition score assessment was shown to be reliable, with assessors consistently scoring body condition after proper training (29). This assessment takes into account the evaluation of six body zones to obtain a final score for each horse.

The observer began with a general visual inspection of the horse. Then, six areas were specifically targeted: ribs, back of shoulder, withers, neck, tail attachment, and croup. For each area, a score from 1 (very thin/skeletal) to 5 (obese/overweight) was given according to the AWIN scoring scale. The score took into account the level of fat/muscle covering each area. The body condition score was then calculated from the scores for the six zones, with the different zones weighted as follows.

[image: Mathematical formula for body condition score: ribs' score multiplied by zero point six, plus back of the shoulder’s score multiplied by zero point one five, plus withers’ score multiplied by zero point one zero, plus neck’s score multiplied by zero point one five, plus tail attachment’s score multiplied by zero point zero five, plus croup’s score multiplied by zero point zero zero five.]



2.7.2 Assessment of the alopecia score

The alopecia score was evaluated by a single observer who had been trained in the Animal Welfare Assessment Protocol for horses beforehand (35). The alopecia took into account the total number of alopecia which could be defined as hairless spot or scar (35). There was no minimum size required to be taken into account, the observer looked at the whole body of the horse and noted all the alopecia and their localisation. Alopecia located on the horse’s equipment areas (e.g., noseband, headpiece, and girth passage) were not counted as they were not the result of access to forage, freedom of movement, and social interactions with other conspecifics.




2.8 Other measures included in the animal welfare assessment protocol for horses

We also recorded additional measures (Supplementary Table S2), from the Animal Welfare Assessment Protocol for horses (35) beyond those previously described. These measures were collected by the same observer on the same days as the previous observations. Thus, the following environmental measures were assessed: water availability, water cleanliness, sufficient quantity and cleanliness of bedding material, and adequate box dimensions. Furthermore, animal-based measures were evaluated, including integument alterations, absence of swollen joints, lameness and prolapse, hair coat condition, discharges, consistency of manure, breathing and absence of coughing, absence of horse grimace scale, state of the hoofs and lesions at the mouth corners, and a series of human–animal relationship tests.



2.9 Statistical analysis

All statistical analyses were performed using R software (R version 4.2.3) with a significance level set at a p-value of >0.05.

We used Fisher’s tests (fisher.test function) to check for potential collinearity between our variables of interest (access to forage: “F-forage,” access to freedom of movement: “F-movement,” access to social interaction: “F-social”). Significant associations were found between F-forage and F-movement (p-value <0.001), between F-movement and F-social (p-value <0.001), and between F-forage and F-social (p-value <0.001). A contingency table showing the number of horses for each variable was created to give an overview of the distribution of each group (Table 2). The purpose was to analyse the relationship between the F-variables and the abnormal behaviour ratio, the backward ears ratio while foraging, the alopecia score, and the watching behaviour ratio (Table 3). Given the collinearity between the F-variables, an initial stage of the analysis involved the joint examination of the F-variables using a multiple correspondence analysis (MCA). The MCA was used on the modalities of the F-variables, using the MCA function from the FactoMineR package (37). We then performed Spearman’s correlations (cor.test function) between the coordinates of individuals on dimension 1 and dimension 2 of the MCA and the behavioural (abnormal behaviour ratio, backward ears ratio while foraging, and watching behaviour ratio) and physical (alopecia score) measures.



TABLE 2 Contingency table presenting the relation between the access to forage (F-forage), freedom of movement (F-movement), and social interaction (F-social) of the horses.
[image: Table consisting of three sections labeled F-movement and F-social, summarizing the effects of different forage and social interaction conditions on housing preferences in horses, with numerical data for combinations of forage amount, interaction type, and housing context.]



TABLE 3 Results of Spearman’s correlation between the coordinates of Dim1 and Dim2 of the MCA and behavioural and physical variables.
[image: Table showing correlations for four variables under two dimensions. DIM1 reports significant negative correlations for abnormal behaviour ratio, backward ears ratio while foraging, and alopecia score. DIM2 reports significant positive correlations for backward ears ratio while foraging, watching behaviour ratio, and alopecia score. Bolded values indicate p-values less than 0.05.]

Then, a more detailed analysis investigates each of the F-variables individually, while keeping in mind that these three variables are closely related. To compare the behavioural and physical measures as the abnormal behaviours, the backward ears ratio while foraging, the watching behaviour ratio, and the alopecia score between horses with limited access to forage and horses with unlimited access to forage, Mann–Whitney tests (wilcox.test function) have been used.

To compare whether the level of F-movement and F-social affected the behavioural measures (abnormal behaviour ratio, backward ears ratio while foraging, and watching behaviour ratio) and the physical measure (alopecia score), Kruskal–Wallis rank-sum tests (kruskal.test function) were used. Then, to find out between which modalities the significant differences were, post-hoc Dunn’s tests (dunn.test function) were performed with a Bonferroni correction.

The additional measures from the Animal Welfare Assessment Protocol for horses (35) are presented as descriptive analyses. Due to a lack of variability in the measures, no additional statistical analyses were performed on these data.



2.10 Data availability

Data generated and analysed during the study are available in the INRAE data repository from the following link: https://doi.org/10.57745/HLNFN3. Please contact R.P. for any request on the data availability.




3 Results


3.1 Descriptive analysis

In terms of access to forage, 57.1% of the horses studied were observed to have limited access, while 42.9% were observed to have unlimited access. Regarding the level of freedom of movement, 39.3% of the horses were living in box exclusively, 39.3% were living mainly in box, and 21.4% were living more in pasture or paddock than in the box. Concerning social interaction, 26.7% of horses had visual interaction with other horses, 58.9% had the possibility of sniffing other horses, and 14.2% could experience tactile interaction with other horses (Supplementary Table S2).

Out of 40 horses observed using the scan sampling method and regarding the abnormal behaviours, 20% performed at least one stereotypy, 20% showed aggressiveness towards humans, 2.5% alert posture, and no withdrawn posture was observed.

With regard to the environmental measures of the Animal Welfare Assessment Protocol for horses (35), it was observed that 100% of horses had access to clean water, 88.8% of horses had a sufficient quantity of bedding material, 100% had clean bedding material and adequate stall dimensions. For the animal-based variables, 100% of them did not show swollen joints, signs of hoof neglect, deep wound, lesions at mouth corners, prolapse, and ocular, vulva, or penis discharge. In addition, 100% showed a healthy hair coat condition, normal breathing, and an absence of pain grimace, and 97.9% had an optimal body condition score. Only 1.8% had a cough, 10% had a slight nasal discharge, and 5.5% of the manure had an abnormal consistency. At least one alopecia was found in 97.7% of the horses (median = 5.5[IQ1: 4, IQ3:13.25], min = 1, max = 30), 29.1% had at least one skin lesion (median = 0[IQ1: 0, IQ3:1], min = 1, max = 3), and 25% had at least a swelling (median = 0[IQ1: 0, IQ3:0.25], min = 1, max = 4). Finally, with regard to the human–animal relationship tests, 94.4% of horses show no negative signs for the avoidance distance test, as well as 89.3% for the voluntary animal approach test and 88.8% for the forced human approach test. All the data of the protocol are summarised in the Supplementary Table S2.



3.2 Relationships between the F-variables and the indicators of welfare

Regarding the MCA results, the first dimension (Dim1) explained 41.7% of the overall variance, and the second dimension (Dim2) explained 27.7% of the overall variance (Figure 1). For Dim1, the F-forage was correlated at 0.52, the variable F-movement was correlated at 0.76, and the variable F-social was correlated at 0.80. Thus, the Dim1 was labelled “Respect for the F-variables”. For Dim2, the variable F-forage was correlated at 0.22, the variable F-movement was correlated at 0.80, and the variable F-social was correlated at 0.35. Thus, the Dim2 represents the weight of F-movement.

[image: Scatter plot showing two principal component dimensions, Dim1 (41.7 percent) and Dim2 (27.8 percent), explaining 69.5 percent of variance. Labeled points show variables like pasture or paddock, box exclusively, tactile interaction, possibility to sniff, mainly in box, and unlimited forage. A large horizontal arrow at the bottom is labeled "Respect for the F-variables" with minus and plus signs at each end. Individual data points are numbered throughout the plot.]

FIGURE 1
 Multiple correspondence analysis (MCA) plot of the F-variables. The grey points and numbers correspond to the individuals.


The coordinates on Dim1 were significantly and negatively correlated with the abnormal behaviour ratio, the backward ears ratio while foraging, and the alopecia score. It tends to be correlated with the watching behaviour ratio (Table 3). The coordinates on Dim2 were significantly and positively correlated with the backward ears ratio while foraging, watching behaviour ratio, and the alopecia score but not with the abnormal behaviour ratio (Table 3).



3.3 Effect of “forage access” categorisation (F-forage)

Percentages of abnormal behaviour were significantly higher for horses with limited access to forage compared to horses with unlimited access to forage (Figure 2, Mann–Whitney test, W = 121.5, p-value = 0.021).

[image: Three boxplots compare abnormal behavior ratios in percentages for horses under different conditions: F-forage (unlimited vs. limited), F-movement (pasture or paddock more than box, mainly in box, box exclusively), and F-social (tactile interaction, possibility to sniff, visual interaction). Limited forage, less movement, and limited social contact associate with higher abnormal behavior, with statistically significant differences marked by asterisks.]

FIGURE 2
 Median value, mean value (crossed circle), and interquartile ranges of the percentage of abnormal behaviour ratio depending on the F-forage: limited (N = 32) or unlimited (N = 24), on the F-movement: pasture or paddock > box (N = 12), mainly in box (N = 22), and in box exclusively (N = 22), and on the F-social: tactile interaction (N = 8), possibility to sniff (N = 33), and visual interaction (N = 15), * p-value <0.05, ** p-value <0.01, and *** p-value <0.001. The abnormal behaviour ratio was calculated as the number of abnormal behaviour observations/total observations.


Percentages of ears backward while foraging were significantly higher for horses with limited access to forage (Mann–Whitney test, W = 246.5, p-value <0.001) compared to horses with unlimited access to forage (Table 4). Percentages of watching behaviour were higher for horses with limited access to forage (Mann–Whitney test, W = 275.5, p-value = 0.04) compared to those with unlimited access (Table 4). The alopecia score did not differ depending on the type of access to the forage (Mann–Whitney test, W = 300.5, p-value = 0.11, Table 4).



TABLE 4 Relationship between behavioural and physical measures according to the F-variables.
[image: Table showing measures of abnormal behaviour ratio, backward ears ratio while foraging, watching behaviour ratio, and alopecia score, divided into F-forage, F-movement, and F-social categories for different horse management conditions. Statistical notations indicate significant differences between some groups.]



3.4 Effect of “access to freedom of movement” categorisation (F-movement)

Percentages of abnormal behaviour differed depending on the access level of the F-movement variable (Kruskal–Wallis rank-sum test, p-value < 0.001). Horses housed in boxes exclusively showed a higher percentage of abnormal behaviour compared to horses living more in pasture or paddock than in box (Figure 2, Dunn’s test, p-value < 0.001) and horses living mainly in box (Figure 2, Dunn’s test, p-value = 0.005).

Holding the ears back while foraging percentages differed depending on the access level of the F-movement variable (Kruskal–Wallis rank-sum test, p-value < 0.001, Table 4). Horses living exclusively in the box had a higher percentage of backward ears while foraging than horses living mainly in the box (Dunn’s test, p-value <0.001, Table 4). There was a tendency showing that horses living more often on pasture or paddock than in box presented the ears back while foraging less often than horses living exclusively in box (Dunn’s test, p-value = 0.07, Table 4) but not than horses living mainly in box (Dunn’s test, p-value = 0.29, Table 4).

Watching percentages differed depending on the access level of the F-movement variable (Kruskal–Wallis rank-sum test, p-value = 0.01, Table 4). Horses living in box exclusively showed a higher percentage of watching behaviour than horses living mainly in box (Dunn’s test, p-value = 0.006, Table 4) but not with horses living more in pasture or paddock than in box (Dunn’s test, p-value = 0.23, Table 4). No difference in the watching behaviour percentage between horses living mainly in box and horses living more in pasture or paddock than in box has been shown (Dunn’s test, p-value = 0.30, Table 4).

Alopecia scores differed depending on the access level of the F-movement variable (Kruskal–Wallis rank-sum test, p-value = 0.001, Table 4). Horses living exclusively in box show a greater alopecia score than horses living mainly in box (Dunn’s test, p-value = 0.001, Table 4) and horses living more in pasture or paddock than box (Dunn’s test, p-value = 0.02, Table 4). No difference was found between horses living more in pasture or paddock than box and horses living mainly in box (Dunn’s test, p-value = 1, Table 4).



3.5 Effect of “access to social interaction” categorisation (F-social)

There is a tendency to show that the percentages of abnormal behaviour differed depending on the access level of the F-social variable (Kruskal–Wallis rank-sum test, p-value = 0.06). Horses that had only visual interaction with other horses showed a higher percentage of abnormal behaviour compared to horses that could experience tactile interaction with other horses (Figure 2, Dunn’s test, p-value = 0.031). No difference was found between horses that had the possibility to sniff other horses and horses that could have visual interaction with other horses (Figure 2, Dunn’s test, p-value = 0.38). No difference was found between horses that had the possibility to sniff other horses and horses that could have tactile interaction with other horses (Figure 2, Dunn’s test, p-value = 0.16).

No difference was found between the different levels of the F-social variable and behavioural measures as the percentage of backward ears while foraging (Kruskal–Wallis rank-sum test, p-value = 0.11, Table 4) or the percentage of watching behaviour (Kruskal–Wallis rank-sum test, p-value = 0.40, Table 4).

No difference was found either between the social interaction levels and the alopecia score (Kruskal–Wallis rank-sum test, p-value = 0.25, Table 4).




4 Discussion

High-level sport horses have very unique uses and living conditions. They are intensively trained from an early age to maintain optimum physical condition, travel extensively around the world to compete at the highest level, and are closely monitored by their vets and grooms to avoid injuries and optimise their weight. This study shows that there exists a large variability among horses regarding their access to forage, freedom of movement, and social contact, with some horses experiencing a lot of restrictions while other do not, meaning that it is possible to respect the needs of horses related to 3Fs while competing at a high level. Second, we observed that the fewer restrictions the horses experience regarding the 3Fs while in their home stables, the better their welfare is, as demonstrated by the indicators we assessed.


4.1 Applying the 3Fs is essential to the welfare of high-level sport horses

The significant correlation between dimension 1 of the ACM, which can be interpreted as a global indicator of respect for the 3Fs variables (access to forage, freedom of movement, and social interaction with conspecifics), and the abnormal behaviour ratio, the backward ears ratio while foraging, and the alopecia score shows that adherence to the 3Fs variables is strongly associated with improved welfare indicators in high-level sport horses. Specifically, horses that have greater access to these fundamental needs exhibit fewer abnormal behaviours, display more positive emotional states while eating, and even show better physical condition as evidenced by less alopecia. The detailed analysis of each of the 3Fs variables confirms this result and provides more specific insights into the effects of each of them, although it is important to keep in mind that these variables are interconnected.

Horses with unlimited access to forage exhibited little or no abnormal behaviour contrary to those with restricted access. Our findings support the main theories on equine feeding practices, which state that reducing the time spent eating affects the mental health of horses (38). In addition, horses with limited forage held the ears backward while foraging more compared than those with unlimited forage, which is a sign of a negative emotional state (32) and is uncommon to observe in naturalistic conditions (25). Finally, the high rate of watching behaviour in horses with limited forage could be explained by the fact that the horse’s main activity in terms of its time budget is eating (18), so not being able to perform this activity must be disruptive. The high rate of observation behaviour may also be attributed to the anticipation of the subsequent feed distribution. This is in accordance with the findings of the experimental setup, which indicated that this type of behaviour is more prevalent during the cue-arrival food phase (39). This raises the question of whether these horses, which observe their environment with greater frequency than others, at the expense of certain other behaviours, such as resting or eating, would perform redirected behaviours that could eventually develop into alert behaviour, which is an abnormal behaviour (Table 1). Unlimited forage is therefore essential for the welfare of high-level sport horses.

The second studied variable related to the freedom of movement. The more the horses had access to pasture or paddock, the less abnormal behaviour they exhibited. This finding is in line with a study of daily paddock access, in which horses were released into paddocks (4). Letting a horse out freely, even for a short time, can be very beneficial (1, 4, 7, 16, 19, 40). In fact, as little as 1 h a day, 5 days a week can already improve a horse’s welfare (4). Furthermore, horses that live exclusively in boxes are the ones that show more backward ears while foraging. This finding complements what was observed in the study where horses released into the paddock every day showed fewer backwards ears while foraging than those kept in boxes (4). These horses were also more observant than the others. One study showed that sport horses showed a higher frequency of standing alert behaviour when they were not turned out (8). In our study, we found that watching behaviour increased in horses kept exclusively in boxes compared to those living mainly in boxes. The positive impact of freedom of movement is evident even among high-level horses, despite their unique lifestyle.

Finally, our results show that high-level sport horses also need a high level of social contact. Our study revealed that horses that could only visually interact with other horses exhibited more abnormal behaviours than horses that could fully interact with other horses. Interestingly, although there are no significant differences, we found that horses that were only able to sniff other horses showed more abnormal behaviour than all other horses studied. In general, horses start by sniffing each other before engaging in social interaction as odours are a source of information about other horses (41). However, as only being able to smell a conspecific limits social interaction, we can question whether there is frustration in not being able to fully realise social interaction. Therefore, it would seem to be beneficial for the horse to be able to have tactile contact with other horses, even if this means partially nibbling each other across the boxes or paddock. Our results did not show that horses showed more ears backwards while foraging or more watching behaviour depending on the level of social interaction available, and this effect was more evident for abnormal behaviours.

The high-level sport horses whose living conditions best respect the needs for 3Fs (Forage, Freedom, and Friends) are those that show little to no signs of poor welfare. Compared to the other variables, social interaction has a slightly lesser impact. However, we believe this is related to the characteristics of our study population: Indeed, we have few horses with full access to conspecifics. With a different sample, with more horses that could have tactile interaction with conspecifics, this variable might have shown a greater impact. In conclusion to this first part, respect for the 3Fs is therefore essential for the welfare of these horses when they are in their stables.



4.2 Assuring the 3Fs is possible for high-level sport horses

Respect for 3Fs seems both necessary and possible. In fact, our study revealed that high-level stables already respect the 3Fs. Our study, based on voluntary sampling rather than probabilistic sampling, does not allow us to generalise the obtained proportions to the entire high-level equestrian sector. However, it does demonstrate that it is possible to reconcile adherence to 3Fs with competing at the highest level, including at the Olympic Games. In fact, some of the horses in our study whose living conditions complied with the 3Fs even won medals at the Paris 2024 Olympic Games. Moreover, the strong collinearity we found between the variables access to forage, freedom of movement, and social interaction with conspecifics shows that stables that respect one of these criteria also respect the other two. This suggests that it is possible to respect the 3Fs in the management of stables for high-level sport horses, yet this was not in evidence when talking to professionals in the equestrian world.

When it comes to forage, one of the arguments against unlimited access is often the fear that horses will gain too much fat. However, in our study, unlimited access to hay did not appear to have an effect on the body fat mass of elite sport horses, whereas hay restriction is known to have many negative consequences for the horse (10, 11, 42). This may be explained by the fact that high-level sport horses are involved in intensive sporting activity and are therefore less likely to gain weight. In the light of these findings, we therefore promote access to hay ad libitum for high-level sport horses.

One of the most interesting findings is the fact that horses living exclusively in boxes are the most injured (in terms of alopecia scores) compared with those living mainly in boxes and those living more in pastures or paddocks. This is a surprising result as it is generally thought that the opposite is true and that horses that are allowed to go out freely are the most likely to be injured. Indeed, this is one of the arguments for maintaining horses in boxes (43). However, one study demonstrated that, rather than age and sex being the primary factors influencing the incidence of injury, the breed had a more pronounced effect, thus suggesting that horses can be effectively maintained in groups comprising individuals of varying age and sex (44). Movement is essential for the welfare of the horses, and not providing this need can cause stress (4). It is therefore possible that the effect of living exclusively in a confined space could lead to an increase in the incidence of self-inflicted injury of these horses when they are expressing abnormal behaviours compared to horses that have the opportunity to move freely outside.

Our results also showed no difference in the body condition scores depending on the condition in which the horses are housed. Access to grass in the paddocks and pastures does not lead to greater weight gain. This finding is therefore an argument in favour of greater access to freedom of movement outside work, training, or exercise times for high-level sport horses.

Because of their value, sport horses are generally housed alone because of the risk of injury to each other. However, in our study, we found that the level of social contact had no impact on alopecia scores. This may be a reflection of the attention paid by the staff around these horses knowing the affinities between each horse. New systems are now possible to encourage this type of interaction, even for stallions that are usually isolated, such as converting boxes into social boxes (45). These devices enable horses to remain in individual accommodation but still have close tactile social contact with their neighbouring conspecifics when they want to.

Finally, the level of social interaction did not have an effect on the body condition score. As in some studies, isolation would lead to less feeding behaviour (20), a lower body condition scores for horses that only had visual interaction with others could have been observed. As the collinearity of our three variables was very strong, the horses that had only visual interaction were also the ones that were restricted in forage. In general, horses with limited access to forage are those that are fed high-concentrate diets (46), which may explain why there is no difference in their weight.

It should be noted that the present study was conducted with some limitations. As it was a field study, no reliability was conducted on the collected data due to time constraints at the private stables. In addition, the behaviour of the horses was observed on 1 day in their usual environment, which could have included the horse being in a box, paddock, or pasture. However, the findings of the study are nevertheless worthy of consideration. It is therefore necessary and possible to comply with the 3Fs as extensively as feasible with regard to high-level sport horses as they considerably enhance the level of welfare. The importance of the 3Fs must therefore be communicated as widely as possible to the institutions, organisations, and people involved in the equestrian industry including some key recommendations. It is therefore important to ensure that the fundamental needs of the sport horse, represented by the 3Fs, are met. This can be achieved by providing the horse with ad libitum forage throughout the day, allowing for daily extended periods of turnout outside of work, and ensuring that the horse has daily social interaction with its peers.
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Animal welfare is typically assessed using ordinal scales. That is, standard welfare assessment tools rank conditions relative to one another without claiming that one condition is worse than another by some specific magnitude. However, there are some practical purposes for which ordinal scales are insufficient, such as accounting for animal welfare in policy analysis. Here, I argue that insofar as we want standard policy analysis tools to capture impacts on animal welfare in a way that is scope sensitive—that is, in a way that properly recognizes differences in the number of animals affected—we need ways of representing animal welfare on ratio scales, not merely ordinal ones. Then, I briefly explain how some economists, who play important roles in policy analysis, are beginning to do this without the assistance of animal welfare scientists, veterinarians, and others. So, this perspective article serves as a call to those stakeholders, inviting them to collaborate with economists and policy analysts to improve existing methods or develop better alternatives that meet current needs.
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1 Introduction

Animal welfare is typically assessed using ordinal scales. That is, standard welfare assessment tools rank conditions relative to one another without claiming that one condition is worse than another by some specific magnitude. In Mellor (1), for instance, which explains how to apply the Five Domains Model of animal welfare, “animal welfare challenges” are given grades from A (“none”) to E (“very severe”). But there is no quantitative answers to the question: How much worse is it to have an E-grade challenge compared to a D-grade challenge? Likewise, the framework takes no stance on whether the welfare benefit associated with moving an animal from an E-grade challenge to a D-grade challenge is the same as the one associated with moving an animal from a C-grade challenge to a B-grade challenge.

Granted, there are frameworks that appear to use ratio scales, such as the Welfare Quality animal welfare assessment system, which assigns scores from 0 to 100 to animal welfare across four domains (2). However, when it comes to producing overall scores, Blokhuis et al. do not simply average these numbers (indeed, they explicitly reject that possibility; Welfare Quality 2009). Instead, they take a weighted sum of the scores to prevent high scores in some domains from offsetting low scores in others. Then, they introduce four categories—“excellent,” “enhanced,” “acceptable,” and “not classified” (unacceptable)—and map the aggregate scores to those categories. Again, the quantitative relationships between these four categories are (intentionally) left unspecified.

This is appropriate for many practical purposes. For instance, if the question is whether some intervention is required, then a threshold on an ordinal scale can provide an answer. That is, a farm might have a policy that says: “Monitor B-grade animal welfare challenges and intervene to mitigate C- and higher-grade challenges.”

However, there are some practical purposes for which ordinal scales are insufficient, at least given certain plausible assumptions. Here, I consider one such purpose: namely, accounting for animal welfare in policy analysis. Policy analysis tools are methods for assessing the merits of competing policy proposals. Some standard policy analysis tools require that relevant considerations are represented in monetary terms (3); however, animal welfare typically is not represented that way; so, animal welfare is often either omitted or merely mentioned without being integrated into the analysis (4).

Here, I argue that insofar as we want standard policy analysis tools to capture impacts on animal welfare in a way that is sensitive to the number of animals affected, we need ways of representing animal welfare on ratio scales, not merely ordinal ones. Then, I briefly explain how some economists—who play important roles in policy analysis—are beginning to do this without the assistance of animal welfare scientists, veterinarians, and others. So, this perspective article serves as a call to those stakeholders, inviting them to collaborate with economists and policy analysts to improve existing methods or develop better alternatives that meet institutional needs.



2 Benefit–cost analysis

The aim of this section is to introduce benefit–cost analysis (BCA), which is a policy analysis tool on which many jurisdictions rely. While the central point of this perspective article could be made using other tools, such as cost-effectiveness analysis, BCA is sufficiently common and influential to be worth our attention.

In the US, BCA has been required for major federal regulations since the Reagan administration (Executive Order 12291 in 1981, later modified by Clinton’s Executive Order 12866). The UK has also been using BCA extensively since the 1980’s, the influence of which expanded under the Thatcher government. Finally, the EU has required impact assessments for major policy initiatives since 2002—assessments that are broader than BCA but often still include it.

The key feature of BCA is that, insofar as possible, all benefits and costs are expressed in monetary terms (i.e., “monetized”), allowing them to be compared on a common scale. This is the central appeal of BCA. By contrast, at the conclusion of a multi-criteria decision analysis—i.e., one that does not compare all benefits and costs on a common scale—we are left with difficult questions about how to balance the various pros and cons of a policy. In a BCA, it is clear whether the benefits outweigh the costs or vice versa, at least insofar as we are confident that all benefits and costs have been captured, and their values accurately represented, in the process.

This last point is the main concern with BCA: we may not be confident that all benefits and costs have been captured, and their values accurately represented, in the process. One prominent reason for this is that some benefits and costs are naturally expressed in monetary terms; others aren’t. This problem is not specific to animal welfare. For instance, when considering a piece of environmental regulation, the costs of compliance and enforcement are readily estimated; the benefits of cleaner air and the preservation of old-growth forest, by contrast, are not.

Economists appreciate this concern and, in response, have developed methods for monetizing “non-market goods” (i.e., goods that aren’t bought and sold on a market, as material goods and labor are, and so have no market price). These methods apply to the good of interest here—namely, animal welfare—and involve estimating how much stakeholders are willing to pay for the good in question. By using estimates of willingness to pay for non-market goods as estimates of their value, these goods can be compared directly with traditional economic considerations.



3 The problem of scope insensitivity and a solution

In general, we should expect larger benefits to be preferable to smaller ones, and thus more valuable. However, studies of stakeholder willingness to pay reveal that many stakeholders are scope insensitive: that is, their willingness to pay does not scale with the number of individuals affected. Desvousges et al. (5) provides the classic example of this phenomenon, where they found that consumers were willing to pay very similar amounts to prevent the deaths of 2,000, 20,000, and 200,000 migratory waterfowl. As a result, if consumer willingness to pay were used as the metric of the value of preventing these deaths, a standard method for ranking policies would be insensitive to differences in the number of animals affected by different options. For this reason, while the degree to which people are scope insensitive is a matter of some debate [see, (e.g., 6, 7)], the phenomenon itself is well-attested and, when present, is generally viewed as a limitation of willingness to pay studies in policy analysis (8).

This is particularly concerning when it comes to valuing farmed animal welfare, as farmed animal populations are very large. A policy change affecting broiler production, for example, might affect tens of millions of animals. So, if stakeholders are scope insensitive, then their valuations are unlikely to reflect the significance of improving the welfare of so many individual animals.

There is a standard solution to this problem from health economics. In health economics, valuations of human welfare are not incorporated into BCA by asking stakeholders how much they are willing to pay to avert harms to some population by implementing some policy (e.g., averting deaths from a pandemic by implementing distancing requirements). Instead, health economists have methods for assigning a value to a single unit of human welfare, such as a “disability-adjusted life year” (DALY) (9). The DALY is a way of representing negative impacts on both the quantity and quality of life on a single scale, making it possible to compare health conditions that affect people differently: some significantly shorten life; others have smaller impacts on lifespan but major impacts on the quality of life. Given this unit, health economists can estimate the number of DALYs that would be averted by a policy change, multiply that number by the value of averting a DALY (estimated via surveys and observations of human choices), and produce a figure that represents the benefit of the relevant policy. So, if we suppose that, for the purposes of BCA, we should assume that the value of averting a DALY is $100,000, then a policy that averts 1,000 DALYs (e.g., by preventing life-shortening and painful respiratory conditions) has a value of $100,000,000. This method ensures that the overall value assigned to helping people is sensitive to the number of people who would be benefitted and the amount that they would be benefitted.

Similar methods are emerging to address this problem in the valuation of animal welfare. These methods allow economists to extrapolate the value of improving animal welfare in a way that is strictly scope-sensitive, where there is a one-to-one relationship between the number of animals affected and the overall valuation (10). As in the human case, these methods involve setting a baseline monetary value for improving the welfare of a single animal by a specific amount (again, estimated via surveys and observations of human choices); then, they produce a total valuation by multiplying by the number of animals affected [(e.g., 11, 12)].

Crucially, though, these methods depend on being able to treat animal welfare the way we treat human well-being: namely, like a fungible quantity that we can aggregate across individuals. That is, these methods depend on being able to say that a given welfare improvement for one animal is equivalent to some magnitude change in welfare, which can be treated as equivalent to any other change of the same magnitude. Then, that magnitude can be multiplied by the number of individuals to estimate the impact of a particular policy and compare it to other policy options. Performing these kinds of calculations with welfare makes sense if we can measure welfare on a ratio scale. If, for instance, welfare is assessed on a 0 to 100 scale, then the difference between improving welfare 10 units from any point in the scale is directly comparable to any other such 10-unit improvement. Accordingly, let us suppose, just for illustrative purposes, that standard methods for estimating stakeholder willingness to pay support treating the value of improving one chicken’s welfare for a year by 10 units as being worth $1. Then, these new methods imply that, for the purpose of constructing a benefit–cost analysis, we should treat the value of improving 1,000 chickens’ welfare by the same amount—regardless of the specific welfare improvement—as being worth $1,000.



4 Economists’ adaptations of standard welfare assessment tools

Again, though, standard welfare assessment tools do not treat welfare like a quantity that we can aggregate across individuals. That is, these methods do not treat a given welfare improvement for one animal as equivalent to a fungible “amount” of welfare [there are exceptions—(e.g., 13–15)—but these methods are far less influential].

As a result, economists are trying to adapt standard welfare assessment tools to suit the needs of BCA. For instance, Bennett et al. (16) tries to develop cardinal scores using the Welfare Quality framework, Espinosa (12) does the same thing for welfare conditions using the Five Freedoms, and Budolfson et al. (11) attempt this using the Five Domains. While the differences are important, we can use Espinosa’s (12) Five-Freedom Fulfillment Index (5FFI) as a representative example.

The 5FFI begins with the Five Freedoms and then defines five violation levels, ranging from none (0 points) to very severe (4 points). Then, it defines a method for producing an overall welfare score on a -⅓–1 scale. According to the 5FFI, an overall welfare score of 1 is perfect welfare (in the sense that there aren’t any violations of the Five Freedoms) while an overall welfare score of 0 is equivalent to severe violations (3 points) across all Five Freedoms (“33,333”). (By not making 0 equivalent to very severe violations across all Five Freedoms—“44,444”—the 5FFI can capture welfare states that are negative overall. These are states worse than death where animals ought to be euthanized.) Then, the overall welfare score for an animal is 1 − (the sum of all violation points)/(15). For the purposes of BCA, the 5FFI treats this -⅓–1 scale as a ratio scale. The difference between 0.1 and 0.2 is the same as the difference between 0.9 and 1. So, the 5FFI allows statements like, “An overall welfare score of 0.8 is 4x better than an overall welfare score of 0.2.” Moreover, it allows all welfare impacts to be aggregated to estimate the total welfare impact of a policy on a population of animals.

As should be obvious, there is nothing particularly complex about the 5FFI. It would be easy to define any number of similar frameworks using other standard welfare assessment tools. Moreover, the researchers behind standard welfare assessment tools are aware of this possibility. Indeed, many of them have intentionally chosen not to develop frameworks of this kind, as such simple approaches make a host of contentious methodological and ethical assumptions. For instance, while it is not obvious how to trade off the different Freedoms, the 5FFI simply treats them symmetrically. In addition, we might be uncertain about whether moving animals from “moderate” violations (2 points) to “mild” violations (1 point) makes the same difference to their welfare as moving them from “very severe” violations (4 points) to “severe” violation (3 points). Nevertheless, the 5FFI treats these changes as equivalent. So, since standard welfare assessment tools can serve many important purposes outside policy analysis without making such assumptions, there are good reasons to use them in those contexts.

As we have seen, however, standard welfare assessment tools are not well-suited to all important purposes. In particular, they are not appropriate for incorporating animal welfare into BCA in a way that is sensitive to the number of animals affected by policies. Hence, economists will continue to develop ways to represent welfare improvements on a ratio scale to address this issue.



5 The opportunity to improve economists’ adaptations

Animal welfare scientists and veterinarians have valuable knowledge about the relative severity of conditions that affect animals. Because they have deep knowledge of their species and have carefully observed these animals in a range of husbandry contexts, these individuals are well-positioned to judge how well off animals are, how much better off they can be, and which factors would make the largest difference to their welfare. As a result, animal welfare scientists and veterinarians have already provided many important insights into the measurement of animal welfare, developing frameworks that have been essential to understanding how best to improve the conditions of companion, farmed, research, and wild animals.

However, there remain purposes for which standard welfare assessment tools are inadequate. To integrate animal welfare into BCA in a way that properly reflects the number of animals affected by policies, we need the emerging methods that economists are developing. These methods involve setting a baseline valuation for improving the welfare of the average animal in a population by a specific amount; then, they calculate a total valuation by multiplying the baseline by the number of animals affected. This requires treating welfare as though it can be measured using standardized units that we can aggregate.

It is reasonable to object to decision-making tools that require treating welfare this way. For instance, someone might argue that the welfare impacts of minor and extreme suffering (e.g., the pain due to a small laceration vs. the pain due to botched slaughter) cannot be reduced to two numbers, however far apart they might be. Relatedly, someone might contend that such a quantitative framework obscures important differences between welfare impacts, such as acute but brief suffering and low-level but long-lasting stress. In the framework required for BCA, there is some amount of low-level but long-lasting stress that will be represented by the same number as acute but brief suffering, even though these are clearly very different sorts of experiences. With these sorts of objections in mind, animal welfare scientists might see themselves as contributing to a false analytical paradigm were they to help economists develop a framework that is suited to the constraints of BCA. From this perspective, the framework would present difficult, messy decisions as though they were simple empirical decisions that can be made by summing scores.

There are two ways to respond to such concerns. The first is to flag that welfare assessment frameworks have different purposes. One of them is to characterize a welfare state as accurately as possible. Another is to facilitate decision-making. And quite often, these purposes require developing entirely different frameworks. Consider, for instance, the World Health Organization’s Interagency Integrated Triage Tool (IITT), which categorizes (human) patients as red (high acuity; need to be seen immediately), yellow (moderate acuity; need to be seen soon), or green (low acuity; can wait) (17). This tool certainly obscures important differences between welfare states. However, that is no objection to the IITT: its purpose is to capture critical information about human welfare in a way that lends itself to the needs of particular decision-makers; relative to that purpose, its shortcomings are virtues, as all the information it obscures would be distracting in the relevant decision context. Likewise, for the kinds of macro-level decisions that economists are trying to inform, the relevant information is very coarse-grained.

Second, whatever the merits of any objections to a particular decision-making tool, it is essential to consider whether its use is an open question. If there are alternatives, then it can make sense to push for them. However, BCA is deeply entrenched in existing regulatory structures and the larger tradition of policy analysis. So, the choice for animal welfare scientists and veterinarians is not whether policy analysts employ BCA, but rather whether to facilitate the inclusion of animal welfare into an established policy analysis methodology. And while this process must attend to the constraints that economists face, it will be better insofar as it involves people with the expertise required to make these decision-making tools as accurate and impactful as possible.



6 Conclusion

Animal welfare scientists and veterinarians can be invaluable contributors to the task of representing animal welfare in policy analysis. Because the community has not prioritized this project, little effort has been devoted to identifying the various possible methods, confirming their suitability for policy analysis, and weighing their relative advantages and disadvantages. So, there is ample room for animal welfare scientists and veterinarians to collaborate with economists, policy analysts, philosophers, and others in this transdisciplinary project. By working together, it should be possible to move toward consensus-generating proposals about how best to represent animal welfare on a ratio scale.
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Introduction: Pigs perform damaging and aggressive behaviors, but few studies investigated associations between behaviors and resulting lesions in intensive settings. We investigated such associations within and across production stages to understand implications for welfare, and interpreted cut-off values of behavior for use as warning signals.
Methods: Four batches of 419 pigs each (n = 1,676 pigs) were followed on arrival to a commercial grower-finisher unit at 12 weeks of age until slaughter. Pigs had docked tails, were managed according to routine practice and housed in 48 mixed-sex groups in eight rooms [35(±2) pigs/pen; 6 pens/room/batch]. Ear and tail lesions were assessed when pigs arrived to grower stage I [24.9 ± 5.33 kg of body weight (BW)], after 2 weeks when transferred to grower stage II (33.3 ± 7.04 kg BW), and after 4 weeks when transferred to the finisher stage (60.2 ± 7.74 kg BW; 18 weeks of age). All occurrences of damaging (ear, tail, and flank biting) and aggressive behaviors were recorded for 5 min per pen from the week after pigs arrived for 11 weeks.
Results: High variability existed between pens for behaviors and percentage of pigs that developed new ear or tail lesions on arrival to grower II and finisher stage. There were significant correlations among the behaviors only within grower stage II (all behaviors: 0.65 ≤ rs ≤ 0.80, p < 0.05), while the only correlations across production stages were ear biting (grower II and finisher rs = −0.29, p < 0.05), flank biting (grower II and finisher rs = 0.70, p < 0.05), and aggression (grower I and II rs = 0.37, p < 0.05). This suggests a sensitive period during grower stage II but also that performance of behaviors changes over time. The frequency of ear and tail biting did not need to be high for new lesions to develop, but thresholds changed depending on stage, behaviors, and lesion type.
Discussion: This underscores the intricacies in developing cut-off values for warning signals and may relate to the cumulative effect of different risk factors. Thus, early identification and multifaceted management strategies tailored to specific pens are needed to address behaviors with adverse implications for pig welfare. This highlights the challenges and complexities of improving pig welfare within current intensive production settings.

Keywords
 fighting; injury; early warning signals; swine; welfare; tail ear and flank biting


1 Introduction

Pigs are social animals showing behaviors ranging from positive (e.g., social nosing and play) to negative (e.g., agonistic behavior, oral manipulation) when interacting in a farm setting. The expression of social behaviors is important, for recognition, group cohesion, and hierarchy formation and maintenance (1, 2). These behaviors thus have consequences for pig welfare. Group stress due to aggression or unwanted social interactions is a highly relevant welfare consequence in nearly all categories of pigs in commercial production systems. The same can be said for the inability to express exploratory/foraging behavior, which may be redirected to oral manipulation of other pigs in the pen (3). This is also referred to as damaging behavior and may include tail-, ear-, and flank-directed behavior (4). Both aggressive and damaging behavior can lead to lesions of, respectively, the skin and targeted areas of tails, ears and flanks (4, 5). Soft tissue lesions and integument damage resulting from these behaviors are a highly relevant welfare consequence (3).

Pig producers consider it important to manage damaging behaviors and the associated lesions (6–9), perhaps more so than aggressive behavior which appears to be somewhat more accepted or considered sufficiently controllable (7, 8). Historically, tail biting received the most attention of all damaging behaviors, but in recent years there is growing research attention on ear lesions (4, 10, 11). In light of the ban on routine tail docking, tail biting in particular received much research attention to identify risk factors and ways of managing this multifactorial problem (12–14). Consequently, more is known about the economic implications of the presence of tail lesions on farm profitability (15, 16) and costs of implementing potential management measures (17, 18), which may further (de)motivate producers to address this issue. Ear lesions have a more complex etiology as unlike tail lesions, overt ear biting is not an immediate cause; pathogens associated with ear necrosis are also implicated (4, 11, 19). Similarly, lesions on the flanks of pigs may be due to sustained “nosing” followed by infection as opposed to overt “biting” (20, 21). Interestingly, the link between damaging behaviors and health status is also receiving more attention [reviewed by Boyle et al. (4)]. Despite the aforementioned research, damaging and aggressive behaviors are still highly prevalent on pig farms (21–24).

To address these issues, it is necessary to recognize and monitor either the behavior and/or the associated lesions or “animal-based measurements” (3). Bracke et al. (6) reported that Dutch pig farmers considered the level of tail biting as severe when they observed one animal showing a tail wound of any severity. However, the presence of a lesion indicates that the problem is already present. Furthermore, the likelihood of farmers entering pens to perform detailed pig tail assessments for earlier detection is unlikely (14). Earlier intervention based on behavioral observations may be more appropriate, but is generally considered difficult due to the sporadic nature of tail biting (9) and the limited resources (labor, time etc.) available to conduct such detailed observations in commercial production systems. Alternatively, with the expansion of precision livestock farming there are efforts underway to develop automated detection of aggressive or damaging behaviors [reviewed by Matthews et al. (25), Gómez et al. (26), and Siegford (27)]. However, these technologies are so far only validated to a limited extent, are not yet commercially available and may not be practical or economically feasible to install on commercial pig farms (18, 26, 27).

Disturbances and restlessness in pens where damaging behavior occurs, may also give rise to aggressive interactions. For example, providing pigs with opportunities to express exploratory behavior was associated with less tail biting and less tail lesions, but also less aggressive behavior (28, 29). Ear biting is more likely to provoke an aggressive response (30). Tail and ear biting are linked, potentially due to shared risk factors [e.g., lack of enrichment or poor health status (10)], and tail and ear lesions can co-occur (24). Both Beattie et al. (31) and Brunberg et al. (32) found that pigs that performed tail biting also performed more ear biting, and to some extent also more belly nosing. Telkänranta et al. (33) reported positive, albeit low, correlations between prevalence of tail and ear lesions at individual and pen-level. Depending on the time period assessed and the environment, Ursinus et al. (34) also found correlations between tail biting/tail damage in a pen and levels of tail biting, fighting and ear biting in other time periods. Additionally, pigs with tail lesions at weaning were more likely to remain victims of tail biting in successive stages (up to 21 weeks of age) when housed in barren pens (34). Based on survey data on tail and ear biting outbreaks, farmers report similar correlations between tail and ear biting both within and, at times, across production stages (9). Therefore, the aim of this study was to investigate how behaviors and lesions are associated within and across production stages to better understand implications for pig welfare and their potential as practical “early-warning” support tools.



2 Methods


2.1 Ethics statement

The study had ethical approval from the Teagasc Animal Ethics Committee (TAEC 204/2018).



2.2 Experimental design and animal husbandry

This was an observational study, whereby pigs were managed as per routine farm practice. The study was conducted from July to November 2018. A total of 1,676 (n = 773 females and n = 903 males) 12-week old Large White × Landrace weaner pigs [24.9 ± 5.33 kg of body weight (BW)] with docked tails were individually ear tagged upon arrival to the farm. Pigs were housed in eight rooms each divided into six pens, forming a total of 48 mixed sex groups [35 (±2) pigs per pen] and followed until slaughter at 114.9 ± 11.79 kg of BW. The study was conducted using four batches of approximately 419 pigs each that arrived to the farm over a 6 week period. Pigs originated from a commercial farrow-to-wean farm in Ireland and were transported to a separate grower-finisher unit at 12 weeks of age. On arrival, pigs were mixed and moved to the first grower stage where they remained for 2 weeks. Pigs were then moved to the second grower stage (33.3 ± 7.04 kg BW; 14 weeks of age), and after 4 weeks were transferred to the finisher stage accommodation (60.2 ± 7.74 kg BW; 18 weeks of age) where they remained until slaughter. Once pigs were mixed upon arrival to the farm, they were kept in the same groups throughout the production stages (i.e., they were not remixed between stages). The farm was positive for Mycoplasma hyopneumoniae (Mhyo), Actinobacillus pleuropneumoniae (APP), porcine reproductive and respiratory syndrome virus (PRRSv) and Influenza A virus (IAv) and vaccinated for Mhyo, PRRSv, and IAv. Pens in all production stages had fully slatted concrete floors whereby feed was delivered regularly to a wet-feed trough where approximately seven pigs could feed simultaneously (Hydromix wet feeding system, Big Dutchman, IDS, Portlaoise, Co. Laois, Ireland—ratio five pigs to one feeder space). The level of feed in the trough was monitored continuously via a probe such that feed was topped up whenever the level fell below a certain limit thereby ensuring constant availability of feed. Water was available ad libitum via two nipple drinkers. Space allowance was compliant with EU legislation throughout all production stages, providing between 0.55 and 0.76 m2 per pig. All rooms were artificially illuminated from 0800 to 1700 h. Environmental enrichment was present in each pen as provided by the farm staff in the form of hard plastic balls and chains (one of each per pen) suspended from the pen partitions, hanging at an accessible height for the pigs. All pens received the same type and amount of enrichment so there was no variation between pens. Enrichment objects remained the same for the duration of the study.



2.3 Measurements


2.3.1 Behavioral observations

Each pen (n = 48) was observed directly for 5 min weekly for 11 weeks starting the week after the pigs arrived at the farm. The observation schedule was designed so that one person could observe all 48 pens for 5 min (i.e., 4 h per day). At each behavior assessment, the observer would first enter the room and ensure all pigs were awake, and would wait 5 min to start the observation. The observation method chosen was informed by previous work (35, 36) and practical constraints. Observations were made between 0900 and 1600 h on the same day each week with the order of observation randomized each week to ensure that every pen was balanced across each of the 7 h available. The observer carrying out the behavior observations was trained by author LAB who has 30 years of experience in pig behavior research. Due to turnover in research staff, a second observer was trained in a similar manner and responsible for the observations at week 5 and onwards. Inter-observer reliability between LAB and each observer was >0.80. Within each pen, all occurrences of tail-, ear-, and flank-directed behavior as well as aggressive interactions were counted (hereafter referred to as tail, ear, flank biting and aggression). An ethogram for all recorded behaviors is presented in Table 1.



TABLE 1 Ethogram of behaviors recorded during 5-min per pen continuous observations during the grower-finisher period on 48 mixed sex groups (n = 1,676) of pigs on a commercial farm.
[image: Table lists pig behaviors with definitions: tail-directed means manipulation or biting of another pig’s tail, ear-directed refers to similar actions to the ear, flank-directed includes bites or nosing at the flank, and aggressive interactions involve mutual ramming or pushing, possibly with biting.]



2.3.2 Lesions

Each individual pig was inspected by author JP for ear and tail lesions on arrival at the farm, and on transfer to the second grower and finisher stages. At these times, all pigs were weighed and could be individually assessed for lesions in good visibility without increased handling of the pigs or interrupting the commercial practices of the farm. Ear lesions were scored using a modified version of the 5-point scoring system described by Diana et al. (35) where 0 = no lesion; 1 = mild lesions (superficial bites but no blood); 2 = moderate lesions (evidence of bites/teeth marks with fresh blood) and/or infection; 3 = severe (partial total loss of the ear); and 4 = very severe (total loss of the ear). Tail lesions were scored as per Harley et al. (37) on a 5-point scale where 0 = no evidence of tail biting; 1 = evidence of chewing or puncture wounds, but no evidence of swelling; 2 = evidence of chewing with swelling and signs of possible infection; 3 = partial loss of the tail and 4 = total loss of the tail.




2.4 Statistical analysis

Pen was considered the experimental unit (n = 48). All data analyses were conducted in R v4.4.1 (38).

We previously reported in detail on the prevalence of tail and ear lesions (24). Tail and ear lesions assessed for each individual pig were reclassified as score 0 and score ≥ 1 due to the low number of observations of higher scores. To assess associations between behavior and lesions, we were in particular interested in newly developed lesions at each stage. For each pen, the proportion of pigs with new tail and ear lesions on transfer to the second grower and finisher stages was calculated (i.e., pigs with score 0 that upon the next transfer had a score ≥ 1 for each respective lesion type).

For each production stage, the frequencies of each behavior assessed overtime at pen-level were averaged. Meaning that for the first grower stage the average of two behavior assessments were considered, while for second grower, the average of four assessments were considered, and for finisher stage five assessments.

Spearman’s rank correlation coefficients (rs) were employed to examine potential associations among the four different behaviors both within and across subsequent production stages. Correlations with |rs| ≤ 0.3 were classified as low, those with 0.3 < |rs| ≤ 0.5 were considered moderate, and correlations with |rs| > 0.5 were categorized as strong. Regression tree analysis was used to identify cut-off values for frequencies of tail and ear biting behaviors associated with the prevalence of new tail and ear lesions using the rpart package (39). This would help to identify the primary behavior (and its frequency) that could serve as a warning signal for the development of new lesions. Four separate regression trees were constructed for the proportion of new tail or ear lesions on transfer to the second grower and finisher stages. Each regression tree included the proportion of new tail or ear lesions as outcome variables with the mean frequency of tail and ear biting behaviors performed in the previous stage as the explanatory variables. The stopping criterion was a minimum of 10% of the pens being required to create a branch and/or leaf.




3 Results

Mean frequency for each studied behavior for each production stage is presented in Figure 1 and the frequency of behaviors for each of the 11 weeks is presented in Supplementary Figure 1. In general, mean frequency for all behaviors was low with high variability between pens. Ear biting was the most frequently observed behavior throughout the entire production period. As pigs moved through the production stages, the frequency of ear and tail biting declined with the latter having similar frequencies during the second grower and finisher stages. On the other hand, flank biting and aggressive behavior increased as pigs progressed through the production stages. Within production stages, significant associations (p < 0.05) among the behaviors were found only during the second grower stage (Table 2), where all behaviors were highly correlated with each other (rs ≥ 0.65). Additionally, there was a tendency (p = 0.0610) for a low positive correlation (rs = 0.27) between flank biting and aggression during the finisher stage. No other associations (p > 0.05) were observed among the studied behaviors during the first grower stage or the finisher stage (Table 2).

[image: Boxplot comparing frequencies of four behaviors—aggression, ear biting, flank biting, and tail biting—across three pig production stages: Grower I, Grower II, and Finisher. Each stage shows distributions for each behavior, with ear biting having the highest median frequency in Grower I, aggression increasing in Finisher, and flank biting peaking in Finisher. Outliers are present in all behaviors.]

FIGURE 1
 Frequency of behaviors performed by 48 mixed sex groups (n = 1,676) of pigs per 5-min observation during the first grower (Grower I, 12–13 weeks of age), second grower (Grower II, 14–17 weeks of age), and finisher (18 weeks of age until slaughter) stages.




TABLE 2 Spearman correlations (rs) among ear, tail and flank biting and aggressive behavior within production stages (Grower I, 12–13 weeks of age; Grower II, 14–17 weeks of age; Finisher, 18 weeks of age until slaughter) in 48 mixed sex groups (n = 1,676 pigs) of grower-finisher pigs in a commercial farm.
[image: Data table presenting correlation coefficients (rₛ) and p-values for associations between behaviors in Grower I, Grower II, and Finisher groups, comparing ear, tail, and flank biting with aggression, with notably strong, significant positive correlations in Grower II.]

Across production stages, there were no associations (p > 0.05) between ear, tail or flank biting in the first and second grower stages. Moderate to strong positive correlations were observed between aggression in the first grower stage and ear biting (rs = 0.36), flank biting (rs = 0.54) and aggression (rs = 0.37) in the second grower stage. Additionally, there was a strong positive correlation between aggression in the second grower and flank biting in the finisher period (rs = 0.51), a moderate negative correlation (rs = −0.42) between ear biting in the first grower and tail biting in the finisher stage, as well as a low positive correlation between tail biting and aggression (rs = 0.29) in the same production stages (Table 3). Ear biting during the second grower stage had a low negative association with ear biting and a moderate positive association with flank biting in the finisher stage (p < 0.05). Moreover, tail biting, flank biting, and aggression during the second grower stage had strong positive correlations with flank biting during the finisher stage (rs ≥0.54, Table 3).



TABLE 3 Spearman correlations (rs) among ear, tail and flank biting and aggressive behavior across production stages (Grower I, 12–13 weeks of age; Grower II, 14–17 weeks of age; Finisher, 18 weeks of age until slaughter) in 48 mixed sex groups (n = 1,676 pigs) of grower-finisher pigs in a commercial farm.
[image: Table displaying correlation coefficients of various behaviors (ear biting, tail biting, flank biting, aggression) across two pig growth stages, Grower II and Finisher, for Grower I and Grower II groups. Notable significant values are marked with asterisks, indicating statistical significance at p less than 0.05 or near significance at 0.05 less than p less than 0.1.]

The total percentage of pigs affected by tail and ear lesions and the pattern of lesion development is presented in van Staaveren et al. (24), but ranged between approximately 28 and 39% for ear lesions and 2.5–12.5% for tail lesions depending on the stage of production. The prevalence of new tail and ear lesions on arrival at the second grower and finisher stages is presented in Figure 2. The mean prevalence of pigs with new tail lesions was similar on arrival to the second grower (11.9%, range: 0–39.4%) and finisher stage (10.1%, range: 0–31.4%). For ear lesions, the mean percentage of pigs with new lesions was higher upon arrival in the finisher stage (10.0%, range: 0–32.4%) than the second grower stage (5.8%, range: 0–31.2%). Regardless of lesion type, large variation in the percentage of pigs with new lesions was observed between pens. The prevalence of new ear and tail lesions for each pen on arrival at the second grower and finisher stages is presented in Supplementary Figures 2, 3, respectively.

[image: Box plot compares percentage of new ear lesions and tail lesions across Grower II and Finisher stages. Median tail lesions are higher than ear lesions in both stages, with notable outliers present.]

FIGURE 2
 Percentage (%) of pigs with new tail and ear lesions (i.e., score ≥ 1) in 48 mixed sex pens (n = 1,676) on arrival to the second grower (Grower II, 14 weeks of age) stage compared to arrival to the previous stage (Grower I, 12 weeks of age), and on arrival to the finisher (18 weeks of age) stage compared to arrival to the previous stage (Grower II).


Regression tree analysis was used to identify the primary behavior linked to new tail and ear lesions on arrival to the second grower and finisher stages. Cut-off values that resulted in partitions with the greatest differences in lesion prevalence were determined. In both stages, tail biting was the main behavior associated with the occurrence of new lesions. The cut-off values for the development of new tail and ear lesions on transfer to the second grower stage were 3.3 and 1.8 observed instances of tail biting per 5 min in a given pen during the first grower stage, respectively (Figure 3). In pens above the tail biting threshold, the mean prevalence of tail lesions was 18% (as opposed to 12%) while the prevalence of ear lesions was 8.3% (as opposed to 5.8%). Where the frequency of tail biting in a pen was below the threshold, there was a cut-off value for new tail and ear lesions of ≥6.3 and < 6.3 instances of ear biting per 5 min per pen, respectively. In pens below the tail biting threshold, the mean prevalence of tail lesions in pens below the 6.3 ear biting threshold was 14% (as opposed to 11%), while the prevalence of ear lesions in pens above the 6.3 ear biting threshold was 4.9% (as opposed to 3.7%).

[image: Decision tree diagrams labeled A and B show classification splits based on TB Grower I and EB Grower I values. Each tree starts with 48 samples and splits based on numeric thresholds, displaying mean values, sample sizes, and percentages at each node. Panel A splits at TB Grower I < 1.8, then EB Grower I < 6.3, with final nodes showing values 2.2, 4.9, and 8.3. Panel B splits at TB Grower I < 3.3, then EB Grower I >= 6.3, ending with values 8.2, 14, and 18.]

FIGURE 3
 Regression tree for the prevalence of new (A) ear and (B) tail lesions on arrival to the second grower stage (Grower II, 14 weeks of age). The cut-off value for the frequency of tail (TB) and ear biting (EB) in the first grower (Grower I, 12–13 weeks of age) stage showed the best division of pens in terms of developing new lesions and is indicated in bold underneath the split node. The lefthand split in the decision rule always indicates that the condition was met (“yes”) while the righthand split indicates when the condition is not met (“no”). Within each node/leaf, the top number presents the percentage of pigs with new lesions followed by the number (n) and percentage (%) of pens within the group presented underneath for a given decision rule.


Similarly, the cut-off values for the development of new tail and ear lesions on transfer to the finisher stage were < 2.5 and ≥ 2.7 observed instances of tail biting per 5 min in a given pen during the second grower stage, respectively (Figure 4). In pens above the 2.5 tail biting threshold, the mean prevalence of tail lesions was 15% (as opposed to 10%), while in pens below the 2.7 tail biting threshold the prevalence of ear lesions was 11% (as opposed to 10%). Moreover, a cut-off value for new tail and ear lesions of ≥4.4 and <3.1 instances of ear biting per 5 min in pens, respectively was estimated. In the pens below the tail biting threshold, the mean prevalence of tail lesions in pens above the 4.4 ear biting threshold was 6.7% (as opposed to 8.7%), while in pens below the 3.1 ear biting threshold the mean prevalence of ear lesions was 8.7% (as opposed to 11%).

[image: Decision tree diagrams labeled A and B compare subgroups based on TB Grower II and EB Grower II values, with node values indicating group counts and percentages at each split, illustrating classification outcomes for 48 subjects per tree.]

FIGURE 4
 Regression tree for the prevalence of new (A) ear and (B) tail lesions on arrival to the finisher stage (18 weeks of age). The cut-off value for the frequency of tail (TB) and ear biting (EB) in the second grower (Grower II, 14–17 weeks of age) stage showed the best division of pens in terms of developing new lesions and is indicated in bold underneath the split node. The lefthand split in the decision rule always indicates that the condition was met (“yes”) while the righthand split indicates when the condition is not met (“no”). Within each node/leaf, the top number presents the percentage of pigs with new lesions followed by the number (n) and percentage (%) of pens within the group presented underneath for a given decision rule.




4 Discussion

This study examined the associations between behaviors and related lesions in pigs within and across production stages focusing on tail and ear lesions as animal based indicators of major pig welfare problems. The aim was to identify relationships between behaviors, explore the use of behavioral thresholds as welfare indicators as a proof of concept on a single farm, and interpret this in the context of general pig welfare in a commercial setting. These associations can provide insight on the development of abnormal behaviors on a commercial farm, which can help inform management strategies. In addition, knowledge on behavior patterns and cut-off values may be useful in the development of early-warning signals in precision livestock farming technology. Pigs were followed longitudinally on a commercial grower-finisher farm to observe their behavior and assess the prevalence of new tail or ear lesions on transfer between production stages.

Strong positive correlations were found between all behaviors (ear, tail, flank biting and aggression) within the second grower stage (14–18 weeks of age). In contrast, no significant correlations were found within the first grower (12–14 weeks of age) or finisher (18 weeks of age until slaughter) stages. This implies that on this farm these types of behaviors were more likely to co-occur in the second grower stage and may reflect a general vulnerability around this time. It is important to note that this farm had a relatively unique situation in that pigs were transported from the breeder farm at 2 weeks post-weaning and mixed into unfamiliar groups on the farm on which the study was conducted. After the pigs arrived on the farm, a high incidence of respiratory distress was detected during the first grower stage (40). Thereafter the pigs moved relatively quickly (after 2 weeks) into the accommodation associated with the next production stage (second grower) which was considerably different to that used in the previous stage (first grower). Transportation, mixing, exposure to new diseases, and adjusting to multiple new housing types in a short time span are major sources of stress in pigs. It is possible that the pigs were debilitated from the associated stress and disease pressure, while the move to the second grower stage further challenged them, contributing to the co-occurrence of the studied behaviors during the second grower stage. Potentially the shorter time spent in the first grower stage when arriving on the farm could explain the lack of correlations found within this stage but also the fact that the pigs were clinically unwell. The lack of correlations between behaviors in the finisher period, as also observed in van Staaveren et al. (36), may indicate that as pigs age, they settle into a specific behavioral profile or that there are less shared risk factors for the differing behaviors at this stage. It is important to identify problem areas or stages on individual farms to proactively address potential welfare issues.

Few studies looked at correlations between damaging and aggressive behaviors in pigs at various ages. Apart from the aforementioned van Staaveren et al. (36), Beattie et al. (31) previously found low (≤ 0.3) positive correlations between tail biting and both ear biting and belly nosing in pigs up to 7 weeks of age. Others attempted to identify differences in behaviors in pigs classified as “non,” “low,” or “high” performers of tail biting behavior (32, 41). For example, Brunberg et al. (32) found that pigs between 10 and 21 weeks of age that performed more tail biting also showed more ear biting, and to some extent more belly nosing, than pigs who did not perform tail biting. Similarly, Hakansson and Bolhuis (41) observed more ear biting and other biting (excluding ear and tails) in pigs up to 6 weeks of age that were classified as “high biters” based on tail biting behavior compared to “non-biters.” It should be noted, however, that the classifications in the aforementioned studies are often based on relative, arbitrary frequencies of the behavior, and that the number of pigs in the classification groups is unbalanced, particularly with underrepresentation in the “high” performing group (32, 41). This makes comparisons between studies difficult, and warrants caution in the interpretation of results. However, the results from these multiple studies point toward the idea that disturbances and restlessness from damaging behavior may trigger aggressive responses, and the existence of shared risk factors for issues such as tail and ear biting, which may explain the correlations found in the current study (3, 10, 30, 34).

The longitudinal nature of our study allowed us to investigate whether pens showing a high frequency of a certain behavior in the earlier stages would continue to do so in later production stages. Particularly, aggression in the first grower stage was positively correlated with ear biting, flank biting and aggression in the second grower stage, as well as flank biting in the finisher stage. From the behaviors observed in the second grower stage, they were positively correlated with flank biting during the finisher stage.

To the best of our knowledge, only Ursinus et al. (34) investigated the associations between behaviors and tail biting over a pig’s lifetime. They found that being a tail biter in the weaner stage (4–5 weeks of age) did not increase the likelihood of being a tail biter in subsequent phases (grower: 8–11 of age, finisher: 16–21 weeks of age). Similarly, Paoli et al. (42) found little consistency over time in tail-directed behaviors in pigs from week to week (5–8 weeks of age). The lack of correlations in tail biting behavior across stages in our study are consistent with those findings. However, direct comparisons cannot be made, as our behavior observations were not conducted at the individual pig level, making it impossible to assess whether the same pig(s) performed the damaging or aggressive behaviors over time as done in these studies (32, 34, 41). Still, we reason that the similar findings across studies indicate that “tail-biter pigs” and “tail-biter pens” may not be a common occurrence, pointing to the need to consistently monitor all pens overtime to identify potential tail biting outbreaks at an early stage.

Interestingly, Ursinus et al. (34) observed a negative correlation (−0.42) between ear biting in the grower stage and tail biting in the finisher stage, which is similar to the negative correlation (−0.42) found between ear biting in the first grower stage (12–14 weeks of age) and tail biting in the finisher stage (18–23 weeks) in the current study. The correlation found in that study was present only when assessing barren pens, while a weaker tendency was reported for enriched pens (34). Still, due to the relatively poor nature of the enrichment items used during our study, the evidence reported by Ursinus et al. (34) seems consistent with our findings. Furthermore, there are suggestions of a trade-off where pigs switch from ear biting in the grower stage to more tail biting in the finisher stage (23). Additionally, the current study found a negative correlation (−0.29) between ear biting in the second grower stage and ear biting in the finisher stage. In contrast, however, Paoli et al. (41) reported that ear biting behavior was highly consistent at group level in pigs 5–8 weeks of age. These pigs remained in the same accommodation throughout, while in our study, pig housing changed between three different production stages. Possibly ear biting could be more sensitive to external factors than the result of mainly individual differences. The pigs in the current study were also older than the aforementioned study, and this too could influence the frequencies and patterns of behaviors. Finally, all studied behaviors in the second grower stage were positively correlated with flank biting in the finisher stage. Generally, less is known about flank biting and frequencies observed in the current study were higher than earlier reports on Irish pig farms (36). Flank biting was positively correlated between the second grower and finisher stage, as opposed to other damaging behaviors (i.e., ear and tail biting) that did not positively correlate across stages. The reason for this is unknown but it begs the question as to whether other risk factors affect flank biting less or that it has a more stable etiology, compared to ear and tail biting. Flank biting was also correlated with the other behaviors, which could again relate to the restlessness and disturbances remaining within these pens. Different motivational backgrounds exist for tail biting (43) and some pigs possibly specialize in biting behaviors while others include a more general repertoire of “abnormal” behaviors (32). Although the etiology behind tail biting is complex, the development of tail lesions themselves is quite straightforward compared to ear lesions, which have a more complex etiology. Behavior directed toward the ears does not immediately result in ear lesions though the resulting disruptions to the skin in combination with commensal pathogens may lead to ear necrosis (11). More research is needed to understand the relationship between behaviors across stages, ideally for the different types of tail and ear biting that occur from resource competition or agonistic interactions versus ones that occur from a redirection of exploratory behavior (43, 44), and in what situations there are shared or unshared risk factors. Environmental conditions of the barn and consistency across individual pigs should also be investigated. The development of precision livestock farming technologies may aid in this effort, though validation of technologies is needed (26, 44).

The prevalence of pigs with new lesions on transfer to the second grower and finisher stage was highly variable. We previously identified numerous patterns of ear and tail lesion severity in these data suggesting large individual variability in lesion progression (24). We should also acknowledge that lesions might have healed to some extent; however, ear lesions in particular tend to persist throughout the production stages (24). Additionally, in the current study, we focused on pigs with new lesions of any severity compared to no lesions upon transfer to the next production stage. New lesions observed on transfer to the second grower stage occurred in the 2 weeks pigs spent in the first grower stage, while new lesions detected on transfer to the finisher stage occurred during the 4 weeks pigs were in the second grower stage. This suggests that lesions can develop relatively quickly. It is therefore important to have early warning signals that help identify the risk of future lesions and insight into the development of such warning signals.

Frequency of tail biting was identified as the first behavioral indicator that could be used as a warning signal for the development of new tail and ear lesions on arrival to the second grower and finisher stages. Although the frequency of tail biting associated with the development of new lesions is likely to be farm specific, our results suggest that in pens where tail biting is more frequently observed, it is likely that more pigs will develop new tail and ear lesions. This finding is consistent for the development of new tail lesions (i.e., on arrival to the second grower and the finisher stage). In the case of the development of ear lesions, this, however, was only true for the prevalence of ear lesions on arrival to the second grower stage, while the opposite was observed on arrival to the finisher stage where pens with a higher frequency of tail biting had fewer new ear lesions. The importance of the frequency of tail biting for development of new tail lesions is not surprising, while the relationship with ear lesions may be indirect. In pens where tail biting was observed less frequently, ear biting could be used as a secondary warning sign for new lesions. Indeed, in pens with a higher frequency of ear biting there were also more new ear lesions, though this increase in new ear lesions was to a lesser degree than the increase seen in tail lesions associated with tail biting. A higher frequency of ear biting was also associated with fewer new tail lesions on transfer to the next production stage. It is suggested that ear biting occurs more often when tails are docked short (45). In the current study, however, all pigs were tail docked which resulted in largely uniform tail lengths. It may be that in certain pens pigs simply focus on ears over tails or vice versa for unknown reasons, leading to a higher prevalence of the respective lesions in general. This may also be due to the two behaviors possessing different motivational backgrounds. However, the finding that pens with more tail biting in the first grower stage were associated with a higher prevalence of new ear lesions on arrival to the second grower stage, could reflect the role of tail lesions as iceberg indicators, reflecting a wider range of underlying deficiencies, when it comes to pig welfare (3, 46, 47). While we did not measure risk factors in this study per se, pigs were exposed to numerous influential risk factors (i.e., disease, transportation, mixing). Applying the cumulative risk factor bucket framework (48), these factors “filled the pigs” “bucket” to the point where only a small increase in one risk factor would cause the bucket to overflow, resulting in damaging behavior and ultimately the associated visible welfare issues (lesions). The variation between pens suggests that the critical level where an animal’s “bucket” will overflow also varies.

Determining early warning signals to identify pens at high risk of a tail biting outbreak was a promising research development in recent years. However, our results indicate that lesions can develop even at relatively low observed frequencies of ear and tail biting which highlights the considerable difficulty in managing these multifactorial welfare problems. Previous research identified tail biting outbreaks based on the percentage of pigs with severe tail lesions with different definitions or cut-offs in the number of pigs (e.g., 6–24% of pigs in a pen) affected (14, 49). Identifying the lesions themselves is a useful tool but is too late to use as a prevention strategy. Statham et al. (49) found that tail biting increased preceding the outbreaks, though not in all cases. Because ear and tail biting have different motivational backgrounds and etiologies (4, 32, 43), a variety of management strategies are needed. Additionally, the large variability between pens and inconsistency of behavior across production stages indicates that management strategies should potentially be implemented on a pen-level. Such strategies should be implemented as early as possible to prevent or reduce the outbreak of damaging behaviors and their associated lesions (12, 50, 51). Identifying and giving extra attention to high risk periods of the production cycle is also recommended, as our results indicated a potentially sensitive period in the second grower stage on this farm where all four behaviors were strongly correlated to one another. The high variability between pens suggests that some pens (or pigs in these pens) may be more sensitive to challenges than others.

It should be acknowledged that there are more potential early warning signals that were not included in the current study. While predisposing factors for tail biting are well researched, there are no clear or reliable predictors for biting activity further complicated by the inconsistency of pigs expressing the behavior (34, 52). Including other potential warning signals (e.g., tucked tails, environmental conditions) would have been interesting (14, 53, 54), but was out of the scope of the current study. Thus, future research on the development of early warning signals should take this into account. Additionally, the observed thresholds are specific to the context of this study and this should be taken into consideration when interpreting the observed cut-off values. While the cut-off values should not be generalized to universal cut-off values, it can be considered a proof of concept of how thresholds could be developed for specific farms, and may be a good first step for producers to evaluate high risk pens. Our study’s relatively low thresholds provides interesting insight into pig welfare showing that new lesions were associated with relatively low ear and tail biting threshold values which differ depending on production stage. This highlights that thresholds for warning signals may be dynamic and change over time based on the pigs’ age, needs, and husbandry and environmental conditions.



5 Conclusion

The results show that behaviors are variable and the relationship between behaviors can change over time. This work emphasizes the intricacies in developing cut-off values for warning signals for damaging behaviors. The findings on this farm emphasize that thresholds are dynamic (i.e., differ per production stage and behavior) and this may relate to the cumulative effect of different risk factors that need to be considered. Furthermore, not only farm specific but also likely pen specific strategies are needed to manage the different behaviors and lesions. This study provided a first proof of concept to aid in the understanding of the development of threshold values in a commercial farm setting.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was approved by Teagasc Animal Ethics Committee. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

LM: Writing – original draft, Writing – review & editing. JD: Conceptualization, Data curation, Formal analysis, Visualization, Writing – review & editing. LB: Funding acquisition, Project administration, Supervision, Writing – review & editing. JP: Investigation, Writing – review & editing. NS: Conceptualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was conducted within the scope of the Project “Optimizing feedback of computerized meat inspection findings and Precision Livestock Farming monitors on farm to improve pig health, welfare and carcass quality (PLFPigCar)” funded by Teagasc grant-in-aid. Joana Pessoa was funded by the Teagasc Walsh Scholarships Program (project ref. PDPG-0165).



Acknowledgments

The authors would like to thank Aurélie Dervaux, Martyna Lagoda, Melanie Rivet, and Oliver Clear for their help with data collection. We would also like to thank the farm owner for allowing us to collect data at his facilities.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1523663/full#supplementary-material


SUPPLEMENTARY FIGURE 1 | Average frequency of (A) ear, (B) tail, and (C) flank biting and (D) aggression behaviors performed per 5-min observation in 48 mixed sex groups (n = 1,676) during 11 consecutive weeks throughout the first grower (Grower I, 12–13 weeks of age), second grower (Grower II, 14–17 weeks of age), and finisher (18 weeks of age until slaughter) stages in a commercial farm.



SUPPLEMENTARY FIGURE 2 | Prevalence of pigs with new ear lesions for each pen on arrival to the second grower (Grower II, gray dot) and finisher stage (Finisher, red diamond). Arrows indicate whether the prevalence of new lesions increased (upward arrow), remained equal (horizontal arrow), or decreased (downward arrow) from the second grower to the finisher stage.



SUPPLEMENTARY FIGURE 3 | Prevalence of pigs with new tail lesions for each pen on arrival to the second grower (Grower II, gray dot) and finisher stage (Finisher, red diamond). Arrows indicate whether the prevalence of new lesions increased (upward arrow), remained equal (horizontal arrow), or decreased (downward arrow) from the second grower to the finisher stage.
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The presence of a trustworthy and effective animal welfare control system is important both for animal welfare and for public and consumer trust. The inspectors’ main task, regardless of whether they are official inspectors or private auditors, is to check for and enforce compliance with any relevant regulations. The aim of this study was to investigate how official animal welfare inspectors and private animal welfare auditors in Sweden perceive their inspection work and to explore any differences in the perception of being an inspector between these two groups. An electronic questionnaire was developed and received responses from 108 official inspectors and 22 private auditors (mainly inspecting the KRAV standard, Arlagården®, and the Trotter Health Standard). The results show that the official inspectors and private auditors usually enjoy their work, and they quite often have similar ambitions and views on what characterizes a good inspector. The respondents stated, for example, that it is important to have good dialog with the inspected animal keeper, that it is important to make uniform assessments (even if this can be challenging to achieve), and that animal keepers quite often show their appreciation after an inspection. However, there were also a number of differences in perception between the groups. For example, the official inspectors felt more exposed to unpleasant and threatening situations, while the private auditors were more likely to report the keeper being expected as acting nicely, professionally and relaxed during routine inspections. The official inspectors had a slightly more negative attitude toward the presence of private auditors than the other way around. Nevertheless, the respondents were in agreement that their collaboration and communication needed to be improved. One should bear in mind that the official inspectors also carry out inspections after complaints and more often make unannounced inspections. They not only inspect farms and horse premises, as the private auditors do, they also inspect different pet premises and have a secondary position of power as representatives of the government compared to the private auditors. These various circumstances may partly explain different views and perceptions between the official inspectors and the private auditors.
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1 Introduction

All member states within the European Union (EU) are obliged to implement a system of official control to enforce the EU animal welfare legislation related to the keeping and management of farm animals, the transportation of live vertebrates and slaughter. The Commission’s Directorate-General for Health and Food Safety will, via the department for Health and Food Audits and Analysis (HFAA), ensure that this legislation is properly carried out (1). The Directorate-General publishes all audit reports on their webpage, including country profiles that describe how each EU member state has organized their official animal welfare control (2).

The EU directives on animal welfare have been implemented into the Swedish legislation, which consists of the Animal Welfare Act (2018:1192) issued by parliament, the Animal Welfare ordinance (2019:66) issued by the government, and national regulations issued by the SBA. In the ordinance, the Swedish government has regulated that the implemented system of official animal welfare control should be used also for other domestic animal related activities than farming and animal transport and slaughter. The Central Competent Authority in Sweden concerning animal welfare legislation and control is the Swedish Board of Agriculture (SBA) (2). The SBA issues national regulations concerning housing, management, transport and the slaughter of different types of animals, such as farm animals, companion animals, horses, zoo animals and animals used for research purposes. The on-site official animal welfare inspections are carried out by the regional County Administrative Boards (CABs), except at slaughterhouses, where the responsibility is shared between the CABs and the National Food Agency (2, 3). Sweden is divided into 21 counties, meaning that there are 21 CABs carrying out such inspections. The SBA provides guidelines and checklists for the CABs to achieve uniform implementation of legislation in different parts of Sweden. In 2021, the total annual national workforce amounted to approximately 230 official animal welfare inspectors at the CABs (4). The CABs carry out different types of inspection: risk-based standard inspections, random (ad hoc) standard inspections, acute inspections based on public or veterinary complaints, and cross-compliance inspections (5). The latter covers requirements originating from relevant EU legislation, and cross-compliance failure can lead to a reduction in EU subsidies for the animal owner (i.e., the farmers).

In addition to the legislation, there are private standards in the EU market (i.e., quality assurance schemes, labeling etc.) covering animal welfare and other areas (e.g., food safety, environmental protection) (6). In Sweden, there is, for example, the organic standard KRAV (farm animals), Arlagården® (dairy cows), Norrgården® (dairy cows), IP Sigill (dairy cows, beef cattle, lambs, pigs and poultry) and the Trotter Health Standard (trotting horses). Most of these are inspected by third party audit companies (i.e., independent external organizations), except for the Trotter Health standard, which is inspected by people who are employed directly by the Swedish Trotting Association (STA) (i.e., second party auditors). All private standards are based on legislation, but some of them have additional requirements related to animal welfare, such as the higher levels of IP Sigill and KRAV. The organic standard KRAV is the standard that differs most from the legislation, having a number of stricter animal welfare requirements.

Good animal welfare is considered important by citizens and consumers in Sweden, as well as in other countries (7). Having trustworthy and effective control is important both for animal welfare and for public and consumer trust (8, 9). Previous studies have indicated that a well-functioning control system is important for compliance with the legislation and other relevant standards (10). The inspectors’ main task, regardless of whether they are an official inspector or private auditor, is to check for and enforce compliance with the relevant regulations. Previous studies and investigations have shown that the level of compliance with animal welfare regulations can be improved, both in relation to EU legislation and in relation to Swedish animal welfare regulations (4, 8, 11, 12). Hence, it is important that the inspectors and auditors have satisfactory working conditions and sufficient resources to be able to carry out these inspections and enforce the regulation. A recently published paper from Finland revealed that Finnish veterinary inspectors working with official animal welfare control perceived their work as stressful, due to, for example, threatening situations and large amounts of overtime (13).

The aim of this study was to investigate how official animal welfare inspectors and private animal welfare auditors in Sweden perceive their inspection work in relation to their views on the controllability of the requirements, the handling of non-compliances, their own role, the inspected animal keepers’ roles, and the presence of both official and private animal welfare inspections. A second aim was to investigate plausible differences in the perception between official inspectors and private auditors, or differences in the perception based on age or gender.



2 Materials and methods


2.1 Questionnaire

An electronic questionnaire (see Supplementary material) asking official animal welfare inspectors and private auditors about their experiences and expectations related to animal welfare inspections was developed using the software program Netigate (version 8). The questionnaire was sent to all 254 official animal welfare inspectors in Sweden. Their email addresses were received from the CABs. The questionnaire was also sent to four private audit companies, where the managers forwarded it to the auditors working with animal welfare. In total 30 private auditors (four auditors from the STA, four auditors from HS Certifiering, ten auditors from Kiwa and twelve auditors from SMAK) received the questionnaire.

The questionnaire was open for four weeks in April/May 2021 and two reminders were sent out. The data received were analyzed anonymously. The study and the questionnaire were approved by the Swedish Ethical Review Authority (reference number: Dnr. 2019–6,370).

The questionnaire consisted of three parts: (1) information and background on the respondents and their professional role; (2) respondents’ views on the relevant animal welfare regulation, and their expectation and experience with performing inspections based on this regulation; and (3) respondents’ knowledge and views concerning other animal welfare regulations and inspections. The questionnaire consisted of 51 questions, mainly of the closed type but with some multiple-choice questions. The respondents were asked to choose from a list of options or state their opinion on a 5- or 10-point Likert Scale (1 = fully disagree and 5 = fully agree). There were also a few open-ended questions where the respondents could clarify their reply or express opinions without being given any pre-set options to choose between (see Supplementary material).



2.2 Data analysis


2.2.1 Data preparation

Descriptive statistics and visualizations of the questionnaire responses were assessed to create an overview of the results. A decision was then made on how to prepare the questionnaire data for further statistical analysis.



2.2.2 Statistical tests and analyses

The closed questions (which either gave a list of options or a Likert Scale) that were asked to both official inspectors and private auditors were analyzed further statistically. Responses given on a Likert scale were categorized into three categories (either ‘1–2’, ‘3’, and ‘4–5’, or ‘1–3’, ‘4–7’, and ‘8–10’). Responses given to questions with more than three possible options were also categorized into fewer (two or three) options (e.g., the age of the respondent was categorized into ‘0–40’ or ‘>40’). Pearson’s chi-squared or Fisher’s exact test (depending on response distribution) was then performed on 2×2 or 2×3 tables, comparing the responses between the two groups (official inspectors and private auditors). Furthermore, differences between the responses from female and male inspectors (excluding responses of “Other / Do not want to tell”) as well as between the two different age groups were also assessed separately, using one of the statistical tests on the 2×2 or 2×3 tables. Responses from the groups compared were considered as being significantly different with p-values below 0.05 from the test.

The open-ended questions were analyzed using qualitative thematic analysis, meaning that the free text answers were coded and categorized into different groups to summarize patterns and common views in the answers (14).





3 Results


3.1 Demographics and background information about respondents

Of the official inspectors who received a link to the questionnaire, 108 responded (a response rate of 43%). Of these, 98 submitted complete answers (i.e., answered all intended questions). The corresponding numbers for the private auditors were 22 respondents (a response rate of 73%), of which 21 submitted complete answers. The questionnaires of the respondents that did not complete all questions were still used in analyses where answers were provided. Of the private auditors, 77% (17/22) inspected the KRAV standard, 18% (4/22) the Trotter Health Standard, and 9% (2/22) Arlagården®. Almost half of the private auditors also inspected at least one other standard, such as IP Sigill or the European organic regulations. Official inspectors and private auditors from all 21 counties in Sweden participated. While each of the official inspectors worked in one county (i.e., region) only, it was common for the private auditors to cover several counties.

There were more female inspectors than male inspectors among the respondents (Table 1). The official inspectors were slightly younger on average than the private auditors, but the work experience in years of service was quite comparable (Table 1).



TABLE 1 Descriptive information on respondents.
[image: Table summarizing demographics of official inspectors and private auditors, including percentages and counts by gender, age groups spanning from less than 30 to over 70 years, and work experience categorized as less than 5 years, 5–9, 10–20, and 21–39 years.]

The private auditors answered that they mainly inspected premises with beef cattle (82%, 18/22), sheep/goats (50%, 11/22), dairy cows (37%, 8/22), pigs (23%, 5/22) and horses (18%, 4/22), while the official inspectors mainly inspected premises with dogs (73%, 76/104), cats (72%, 75/104), beef cattle (66%, 68/104), horses (62%, 65/104), sheep/goats (50%, 52/104) and dairy cows (48%, 50/104). The respondents were allowed to select multiple answers, as most of them inspect different types of animal activities.

Most of the official inspectors (78%, 82/104) and private auditors (91%, 20/22) enjoyed being an inspector, i.e., stated that they were happy about their work (no significant difference between the two groups, p = 0.061).



3.2 The respondents’ basic and further education

Most official inspectors (98%, 105/108) and private auditors (82%, 18/22) had undergone education at a university level. The most common educational fields for the official inspectors were Animal Science (31%, 34/108), Ethology and Animal Welfare (26%, 28/108), and Environmental Health (20%, 22/108). The private auditors were mainly animal scientists (32%, 7/22) or had completed degrees in Agricultural and Rural Management (27%, 6/22). Most official inspectors (75%, 80/106) and private auditors (77%, 17/22) felt that they had the possibility of taking part in continuing education (i.e., the employer supports this). The main type of further training that the official inspectors had taken over the last five years had to do with threats and violence, communication skills, and assessments based on the legislation to increase inter-observer reliability. The courses that the private auditors had participated in during the same period focused on assessments based on private standards to increase inter-observer reliability, routines concerning inspection tasks, and general animal welfare. Of the respondents, 33% (34/104) of the official inspectors and 50% (11/22) of the private auditors stated that there was continuing education available to the extent needed. However, some of the private auditors explained that the main problem was not the range of courses available but rather the limited time to participate.



3.3 The respondents’ views on regulations and their controllability

Almost half of the private auditors (48%, 10/21) stated that they could influence the development and progression of a regulation, while 27% (27/101) of the official inspectors felt that they could influence the development of legislation. The proportion of private auditors who felt that there were requirements in the legislation that did not necessarily benefit animal welfare was 38% (8/21). Similarly, half (49%, 49/101) of the official inspectors were of the opinion that there were requirements in the legislation that did not necessarily benefit animal welfare in its current form, and also requirements that would certainly benefit animal welfare but that were currently not included in the legislation. The comments and examples given varied between the official inspectors but can be summarized into three categories: (1) Insufficient requirements based on the needs of the animals (e.g., horses and cattle being allowed to be kept tied, social animals allowed to be kept alone, too early weaning ages of piglets, and too restrictive pen space); (2) Lacking or not applicable requirements (e.g., there are no specific requirements for some species (e.g., Japanese quails), and for several production animals, the fact that the regulations are designed to fit large-scale production systems makes the regulations less suitable for small hobby farms); and (3) Illogical requirements that are hard to explain and motivate animal keepers to follow (e.g., requirements that originate from an EU directive and are perceived to be less relevant under Swedish farming conditions).

A majority (64%, 66/103) of the official inspectors stated that there were requirements in the legislation that are complicated and difficult to interpret; only 10% (10/103) felt the opposite. Of those stating that there were complicated requirements, most of them gave examples from the national regulations on horses, cats and dogs. Several of the official inspectors stated that the use of subjective words in the legislation leaves room for different interpretations. The inspectors wondered for example how “enough,” “temporarily,” “a short while” or “in normal cases” should be interpreted in different situations. One inspector wrote, “It is difficult when the regulations are vague, e.g., several measurement requirements have been removed from the horse regulation [and replaced with more subjective and goal-oriented requirements – authors’ explanation]. The horse owners want to comply with the requirements, but what are they exactly? It is difficult!” Official inspectors also mentioned the difficulty in interpreting species-specific requirements in relation to the more general requirements stated in the Swedish Animal Welfare Act (SFS 2018:1192). They mentioned, for example, the requirement in the Act where all animals shall be kept in a way that enables them to perform relevant natural behaviors, while the inspectors must also assess more detailed species-specific requirements that may actually restrict some natural behaviors. For example, they are expected to accept tied cows (as this housing system is still legal), accept that ‘enough straw’ for pigs is a quite small amount, and that it still can be acceptable for horses to be kept alone (i.e., without the company of another horse). Significantly fewer (p = 0.009) private auditors (41%, 9/22) stated that the regulations they enforce were complicated and difficult to interpret. The most commonly mentioned difficulties had to do with the assessment of farm animals’ body condition and cleanliness. Both the official inspectors (67%, 69/103) and the private auditors (55%, 12/22) indicated that animal-based requirements were more difficult to assess than resource-based requirements. The inspectors/auditors who were above 40 years of age perceived the regulations as being easier to interpret than those who were younger (p = 0.001).



3.4 The respondents’ views on assessments and handling of non-compliances

The official inspectors and private auditors found it to be of great importance that they and their colleagues make uniform assessments, and a majority of inspectors stated that they should not have much room for interpretation, although the private auditors wanted more room for interpretation than the official inspectors (Table 2). However, only slightly less than half of the official inspectors and private auditors believed that they usually made completely uniform assessments with their colleagues (i.e., inter-observer agreement). A larger proportion felt that it is easy for them to make uniform assessments between different animal premises (i.e., intra-observer agreement). Some of the respondents agreed with the statements that they might accept minor non-compliances if animal husbandry and welfare was generally good, and a larger proportion of the private auditors stated that non-compliances affecting several animals in a herd was more serious than if it only concerned single animals (Table 2).



TABLE 2 The proportion of official inspectors and private auditors who agree or disagree with statements related to uniform assessments and handling of non-compliances.
[image: Data table comparing responses from official inspectors and private auditors on uniformity and interpretation in assessments. Columns include percentage who agree or disagree with various statements, and p-values indicate statistical significance for each comparison.]

The respondents were also asked to grade the amount to which different factors influenced their assessments, decisions and handling of cases in relation to an animal welfare inspection (Table 3). Not surprisingly, the vast majority of official inspectors stated that the actual requirements written in the legislation had a great impact on the assessments, decisions and handling of cases. A majority of the private auditors stated the same, but to a lower extent than the official inspectors (p < 0.001). The private auditors graded guidelines as more important for their decision making than what is stated in the actual regulations (Table 3). Both official inspectors and private auditors seemed to use the available inspection guidelines to a great extent, both the guidelines from the central authority/owner of the regulation and guidelines developed by several CABs or control bodies together, and guidelines developed by their own CAB or control body (Table 3). Discussions with colleagues were also reported to be of high importance for assessment and decision making for both the official inspectors and private auditors (Table 3). The attitude of the animal keeper during an inspection did also matter to some extent (e.g., the animal keeper’s expression of understanding and willingness to correct non-compliances found), especially for the official inspectors (p = 0.014) (Table 3).



TABLE 3 The proportion of official inspectors and private auditors answering on the extent to which different factors affected their assessments, decisions and handling of cases in relation to an animal welfare inspection.
[image: Comparative data table showing factors influencing inspection outcomes with percentages of perceived impact rated by official inspectors and private auditors, including p-values for statistical significance and highlighting significant differences for actual requirements, verbal guidance, and understanding non-compliance.]

More than half of the official inspectors (56%, 56/100), and a majority of the private auditors (81%, 17/21) did not feel that discussions regarding their assessments and interpretations occurred often when carrying out planned standard inspections. Ten percent of the official inspectors (10/100) and the private auditors (2/21) had experience of often ending up in such discussions. Furthermore, younger respondents (i.e., those under 40 years of age) seemed to end up in discussions regarding their assessments more often than their older colleagues (p = 0.007).



3.5 The respondents’ views on inspection purpose, routines and their own role

A majority of the respondents (official 89%, 87/98; private 86%, 18/21) stated that it was reasonable that an animal premises is inspected by either CAB or a private audit company at least every third year regarding animal welfare. However, the private auditors stated to a higher extent than the official inspectors did that an animal welfare inspection should be carried out at least once a year (p = 0.03). Both the official inspectors (95%, 95/100) and private auditors (95%, 20/21) reported that their main task during an inspection was to check for compliance with the regulation. A majority of the respondents (official 87%, 87/100; private 81%, 17/21) agreed with the statement that they are allowed to provide information during an inspection so that the animal keeper understands the intention and purpose of the regulation. Quite a high percentage of the respondents (official 64%, 64/100; private 48%, 10/21) also stated that one purpose of the inspections was to help the animal keepers to comply with the regulation. The official inspectors did agree to a greater extent (p = 0.008) that they, as part of their role as inspector, are allowed to give animal keepers advice on the measures that need to be taken in order to comply with the regulation. Almost half of the official inspectors (46%, 46/100) agreed with this statement, while 20% (20/100) disagreed. The corresponding number for private auditors was 28% (6/21, agreed) and 52% (11/21, disagreed). A smaller proportion of both official inspectors (24%, 24/100) and private auditors (24%, 5/21) agreed with the statement that they are allowed to give animal keepers advice so that animal husbandry can be improved above the level of regulation.

The official inspectors and private auditors had the same top four traits (but in a different order) that they thought characterized a good inspector (Figure 1). The traits that both the official inspectors and the private auditors ranked lowest were that the inspector is confident in their assessments, and that the inspector is smooth and can make flexible assessments as long as the animals are doing well.

[image: Table compares most important, semi-important, and least important traits for official inspectors and private auditors based on survey responses. Official inspectors prioritize justifying non-compliance and professionalism, while private auditors value knowledge about animal husbandry and regulation. Both groups rate traits like flexibility and confidence as least important.]

FIGURE 1
 The official inspectors’ and private auditors’ view on what they thought characterized a good animal welfare inspector/auditor. Their task was to state which three traits they believe were most important.




3.6 The respondents’ views on treatment and communication

The vast majority of the official inspectors (93%, 93/100) and all private auditors (100%, 21/21) stated that good dialog with animal keepers was a prerequisite for good inspection work. Furthermore, most respondents stated that they were satisfied with an inspection when the dialog with the animal keeper has been good (official 98%, 98/100; private 95%, 20/21), and when the animal keeper seems to have understood what has been communicated during the inspection (official 99%, 99/100; private 100%, 21/21). However, the official inspectors (57%, 57/100) felt to a greater degree than the private auditors (29%, 6/21) that conflicts with animal keepers were a barrier to improving animal welfare (p = 0.003). This was also significant for age, with younger respondents (i.e., younger than 40 years) reporting that conflicts were a barrier to a greater degree than those above 40 years of age (p = 0.009). Both the official inspectors (95%, 95/100) and private auditors (95%, 20/21) responded that it was important to create a safe and open atmosphere during an inspection. However, the private auditors (91%, 19/21) were more likely to feel that the inspected animal keepers were calm and relaxed during a planned standard inspection than the official inspectors (51%, 51/100) did (p = 0.003).

Approximately half of the respondents agreed that unannounced inspections promoted animal welfare more effectively than pre-notified inspections (official 47%, 47/100; private 48%, 10/21). However, the respondents agreed that pre-notified inspections contributed to a more pleasant atmosphere and better dialog with the animal keeper (official 76%, 76/100; private 76%, 16/21).

Many of the respondents (official 62%, 62/100; private 67%, 14/21) stated that animal keepers often showed appreciation after an inspection.



3.7 The respondents’ perceptions of the inspected persons and their animal premises

All private auditors agreed (100%, 21/21) that most animal keepers would act nicely and professionally during a planned standard inspection, in comparison to 74% (74/100) of the official inspectors (p = 0.014). All private auditors agreed (100%, 21/21) with the statement that most of the inspected people receiving a planned standard inspection in general kept and managed their animals well. There was a lower proportion of official inspectors (66%, 66/100) who agreed with this statement (p = 0.002). Furthermore, the majority of the respondents (official 73%, 73/100; private 100%, 21/21) stated that most animal holdings did not show severe non-compliance, even if the official inspectors disagreed more often with this statement (p = 0.019).

The majority of the respondents stated that most animal keepers had the intention of being law abiding and complying with the regulations (official 70%, 70/100; private 86%, 18/21), while 4% (4/100) of the official inspectors disagreed with this statement. However, only about a third of respondents (official 30%, 30/100; private 38%, 8/21) stated that most animal keepers had good knowledge of the regulations. In addition, the official inspectors agreed less (51%, 51/100) with the statement that most animal keepers have good knowledge of the animals’ needs and welfare, compared to 81% (17/21) of the private auditors (p = 0.038). The main reasons for farmers and horse keepers lack of compliance with a regulation was, according to both the official inspectors and private auditors, a lack of knowledge concerning the regulation and a lack of practical and financial ability to comply with the regulation. According to the official inspectors, these were also common reasons for pet keepers’ non-compliance. In addition, the official inspectors perceived that it was more common for pet keepers to show non-compliance due to a lack of knowledge concerning the animals’ needs as well as personal or psychological problems, compared to people keeping farm animals and horses.



3.8 Respondents’ experiences of difficult situations in relation to inspections

The majority (69%, 69/100) of the official inspectors stated that it was more demanding to handle animal welfare cases that are based on complaints than to carry out planned standard inspections. It was more common for an official inspector to have felt afraid during an animal welfare inspection or to have been exposed to threats or violence than for a private auditor (Table 4). It was also more common that younger inspectors and auditors (<40 years of age) reported having been afraid during an inspection than their older colleagues (p < 0.001). Almost half of the official inspectors (46%, 31/67) stated that their experience of threats or violence had affected how they later processed and assessed a case. The majority (80%, 55/69) of the official inspectors that reported having been exposed to threats or violence also stated that their employer (i.e., the CAB) had reported some of the incidents to the police or a prosecutor (i.e., the judicial system). Of the private auditors that had been exposed to threats, none of them (0%, 0/4) stated that the incident had been reported to the judicial system.



TABLE 4 The proportion of official inspectors and private auditors answering whether they had experienced difficult situations in relation to an inspection.
[image: Table comparing percentages of official inspectors and private auditors reporting experiences such as fear, threats, physical violence, competence questioned, disparaging comments, witnessing severe animal suffering, and seeing people in difficult situations, with significant differences indicated by p-values for each statement.]

The official inspectors reported having received disparaging comments regarding their age and gender more often than the private auditors did (Table 4). In addition, it was more common that such comments were given to female inspectors or auditors (p < 0.001) compared to male, and those younger than 40 years of age (p < 0.001) compared to older respondents, which could explain the difference between official inspectors and private auditors. The official inspectors’ competence had also been questioned by the animal owners more often than the private auditors’, but the majority of both types of inspectors reported that this had happened to them (Table 4). The experience of having had their competence questioned was also more common for the younger respondents (<40 years of age) than for those above 40 years of age (p < 0.001).

Most respondents (official 82%, 82/100; private 62%, 13/21) reported that their employer had routines and protocols in place for how to handle threats and violence. A higher percentage of official inspectors stated that they had such routines and protocols than private auditors (p = 0.011). The official inspectors also reported to a higher degree that their employer (i.e., the CABs) had routines and protocols on how to handle difficult situations during an inspection, such as encountering animal or human suffering, or being contested as an inspector (p = 0.024). Half of the official inspectors (50%, 50/100) and a third of the private auditors (33%, 7/21) agreed with having such routines and protocols in place.

Neither the official inspectors, nor the private auditors agreed to any high extent that what media reports in relation to animal welfare inspections and audits were in line with reality, as 81% (17/21) of private auditors disagreed with the statement and 50% (50/100) of the official inspectors disagreed, while 44% (44/100) were neutral. About a quarter of official inspectors (26%, 26/100) reported having been negatively mentioned by name on social media in connection with an animal welfare inspection. The corresponding number for the private auditors was 5% (1/21), which was significantly lower (p = 0.023). It was also more common that the older respondents (>40 years of age) reported having been negatively mentioned on social media (p = 0.018). However, some official inspectors (7%, 7/100) and some private auditors (20%, 4/21) reported having been mentioned by name in a positive way after an inspection on social media.



3.9 Respondents’ views on the presence of both official and private animal welfare inspections

Half of the private auditors (52%, 11/21) and 41% (41/99) of the official inspectors stated that it was necessary to have both official and private animal welfare inspections. However, the official inspectors were less likely to feel that the presence of private audits was beneficial for animal welfare (p = 0.016), as 43% (43/99) of the official inspectors did not agree to this statement while 77% (16/21) of the private auditors did. The official inspectors’ main concern, according to their free-text answers, regarding the presence of private audits was the perception that private auditors too often ignored obvious animal welfare problems, leading to different assessment outcomes between an official inspection and a private audit, which could be difficult to understand for the animal owner. This quote from one CAB inspector reflects what several official inspectors stated: “Unfortunately, it is very common that obvious or major animal welfare deficiencies are noticed by us on farms that have recently been inspected by a private audit company, which means that I, as an official inspector, have little confidence in the private audits.” Some official inspectors also questioned the impartiality of private audits as these are based on financial interests and are run by the industry themselves, albeit with second- or third-party audit companies.

The official inspectors were more likely to experience animal keepers having difficulties differentiating between official inspections and private audits (p = 0.017). Only 11% (11/99) of the official inspectors felt that it was easy for the animal keepers to differentiate between official and private inspections, while 64% perceived it as being difficult. However, the private auditors had also seen difficulties as almost half of them (48%, 10/21) did not feel it to be easy for the animal keepers to keep track of different inspections, while 39% felt that it was easy.

The official inspectors seemed to be less aware of similarities and differences between the legislation and private regulations when it came to the requirements and their assessment (p < 0.001). Only 7% (7/99) of the official inspectors stated that they were well aware of such similarities and differences. The corresponding number for the private auditors was 66% (14/21). The official inspectors were much more likely to disagree that official inspectors and private auditors generally made the same assessment of similar requirements, i.e., that the outcome of an assessment would often be the same (p < 0.001). Only 3% (3/99) of the official inspectors agreed with this statement, while half (52%, 11/21) of the private auditors agreed. The majority of both the official inspectors (71%, 71/99) and private auditors (62%, 13/21) disagreed with the statement that private auditors made stricter animal welfare assessments than the official inspectors, while only 3% (3/99) of the official inspectors and 15% (3/21) of the private auditors agreed with the statement. A larger proportion (p < 0.001) of the private auditors (43%, 9/21) stated that they usually informed the animal keeper that an official inspector might give an assessment that differed with theirs, while 16% (16/99) of the official inspectors agreed with the statement that they usually informed animal owners that private auditors may make different assessments.

Both official inspectors and private auditors stated that communication and collaboration between them was scarce. Most of them (official 95%, 93/98; private 100%, 21/21) stated that they did not synchronize any inspections to avoid inspections being close in time at the same animal premises. Most (official 93%, 91/98; private 100%, 21/21) did not carry out joint inspection/s to decrease the number of inspections at the same premises. The private auditors stated more often that they had a routine of contacting the CAB if substantial animal welfare problems were detected during an inspection, than the other way around (p = 0.003). Of the private auditors, 38% (8/21) stated that they had such routines, while only 3% (3/98) of the official inspectors stated that the CAB had a routine of informing any relevant private audit company if substantial animal welfare problems were detected during an official inspection. However, only 1% (1/98) of the official inspectors agreed with the statement that the private audit companies usually contacted the CAB if non-compliance was detected during a private inspection. Of the private auditors, 5% (1/21) perceived that CAB usually contacted them if non-compliance was identified during an official inspection. The majority of both official inspectors (63%, 61/98) and private auditors (86%, 18/21) stated that they would like to see better collaboration between the CABs and the private audit companies.




4 Discussion

The aim of this study was to investigate how official inspectors and private auditors in Sweden perceived their animal welfare inspection work and whether there were any differences in the perception between these two groups. Previously, two equivalent studies have been carried out on how animal keepers in Sweden (i.e., dairy farmers and trotting horse trainers) perceive being inspected by official inspectors and private auditors (15, 16). Therefore, some comparisons will be made with these studies in the discussion below.


4.1 Respondents’ working environment

The official inspectors and the private auditors generally liked their work, and most of them stated that they had often been shown appreciation by animal keepers after an animal welfare inspection. The respondents also pointed out the importance of good dialog with the animal keepers and their own intention to create a calm atmosphere during the inspections. According to the respondents, it seems like the private auditors managed to create a calm atmosphere more often than the official inspectors. However, it is not known if this outcome is mainly related to the efforts of the inspectors/auditors, or perhaps to differences in attitudes and willingness to communicate on the side of the animal keepers. This result is in line with the previous study, where dairy farmers stated that they were especially worried before an official inspection and less worried before a KRAV audit (15). Having good and constructive dialog with the animal keepers during animal welfare inspections has also been mentioned as being important by, for example, Norwegian official inspectors (17), French official inspectors (18), and Danish official inspectors (19). A constructive dialog between the inspector and the animal keeper has also been reported to be important, but sometimes challenging, by animal keepers (15, 16, 20, 21).

In addition, the results imply that younger women carrying out animal welfare inspections receive a greater number of disparaging comments from animal keepers, than their older male colleagues. It was also more common that younger inspectors/auditors had felt afraid during an inspection and had experienced having their competence questioned. In this study, the official inspectors were, on average, somewhat younger compared to the responding private auditors, and a slightly higher proportion of the official inspectors were female compared to the private auditors. These differences, both in age and gender, could potentially explain some of the observed differences in perception between the official inspectors and private auditors. Previous studies have shown that it can be more challenging to be a female inspector and that this is connected to the power relations in society (22, 23). A previous study showed that Swedish dairy farmers’ perceptions of animal welfare inspections were more negative if the official inspector was a woman younger than themselves (15).

Being employed by the government inherently implies a certain position of power. This can be one of the reasons behind some of the different experiences related to the working environment noted between the official inspectors and private auditors. It has previously been shown that the Swedish official animal welfare inspectors are exposed to a considerable number of threats and violence (24, 25). As an example, in 2023, 18 out of 21 CABs received a threatening letter signed ‘The animal owners in Sweden’ addressed to the animal welfare units at the CABs (26, 27). The letters contained an unidentified white powder, which was initially suspected to be dangerous, although a chemical analysis later revealed that it was harmless. In a more recent survey conducted by the SBA, 82% of the official animal welfare inspectors reported having been exposed to threats, 9% to physical violence, 26% to attempted physical violence, and 92% reported attempts to influence their decision and handling of a case (e.g., by the animal keepers threatening to harm themselves, contact the media, or the inspector’s superior) (28). Animal keepers threatening to hurt themselves, and even commit suicide, has also been reported in Ireland (29). Almost half of the Swedish official inspectors in this study stated that their experience of threats or violence had affected the subsequent processing of a case and the final assessment. However, we do not know in what way the process and assessment was affected, i.e., if it influenced the decision on whom (which individual employee) that was to continue processing the case, the way the case was documented, the time it took to process the case, the type of feedback given to the animal keeper or the actual outcome of the case. In a recently presented investigation ordered by the Swedish government, there are suggestions on how to handle threats, violence and harassments toward public employees (30). The overall picture of the investigation is that the vulnerability among public employees, particularly to threats and harassment, is extensive and appears to have increased. The investigation suggested several actions to be taken, such as more severe penalties for exposing a public employee to threats or violence and a new crime category of ‘insulting’ a public employee. In this study, the high risk of exposure to threats and violence as an official inspector was also reflected by the fact that this was the theme for most of the further education courses that the official inspectors had been taking, and the CABs had more routines and protocols for handling such situations than the private audit companies. It has also been shown in other countries [Canada (31), Poland (32), and Finland (13)] that it can be a risky business to enforce the animal welfare legislation. The official animal welfare inspectors in Finland suggested that they should be given the ability to work in pairs more often, as this would feel more secure (13). Swedish official inspectors do regularly, but not always, work in pairs for different reasons, such as increasing inter-observer reliability, training of new inspectors, or safety (15, 33).

There are also other possible reasons for the different experiences of unpleasant situations between official inspectors and private auditors. The official inspectors carry out many inspections of pets (companion animals), which the private auditors do not. It is quite common that animal welfare violations are related to pet animals. Last year, 78% of all animal welfare cases that led to a seizure of animals in Sweden involved dogs or cats (28). Animal welfare violations related to pets are also an increasing problem in other countries, e.g., Finland (34). The reasons behind pet inspections in Sweden are often complaints (from the public, a veterinary clinic, etc.), and the CABs have a routine of making such inspections unannounced to prevent the risk of the owner hiding the animal prior to a pre-announced inspection. Official inspectors have reported that threats and violence are most common at pet premises (28). However, this does not imply that no problems of this kind are found at other types of animal premises or with other inspected people.

Another circumstance that might affect the different perceptions between the respondents is that the CABs’ planned standard inspections are risk-based (according to EU Regulation 2017/625 of the European Parliament and of the Council on official controls and other official activities performed to ensure the application of food and feed law, rules on animal health and welfare, plant health and plant protection products), i.e., the inspections shall be carried out where the risks for non-compliances and poor animal welfare is greatest. Hence, it is not a random selection, and animal keepers who have previously had problems complying with animal welfare legislation tend to receive inspections more often. This may also be the reason why the official inspectors in this study perceived the animal keepers to have a poorer animal management level and greater lack of competence, as well as having seen more severe animal suffering compared to the private auditors.

Regardless of the reason, inspectors and auditors need to have a safe working environment so they can enforce animal welfare regulations without being afraid of unpleasant consequences. Having a poor working environment can negatively affect the employees’ motivation and performance, and hence, the quality of their work (35, 36). A poor working environment can also increase the risk of stress related health problems (37, 38). Job satisfaction is important to minimize employee turnover, a turnover which is costly both in terms of money and competence (39). Therefore, job satisfaction and the working environment of inspectors and auditors are important for themselves, for the quality of the inspections and audits they perform, and for the sake of the inspected animal keepers. Hence, the working conditions for inspectors and auditors will be of importance for animal welfare in a country.



4.2 Respondents’ views on their own role

According to Swedish dairy farmers and trotting horse trainers, their level of satisfaction with an animal welfare inspection is dependent on how they perceive the inspector’s competence, manner, and behavior (15, 16). The results in this study show that the inspectors and auditors are aware of these expectations as they emphasized the importance of their own actions and behavior. Worth noticing is that there is formally no common and mandatory education or training for animal welfare inspectors and auditors in Sweden. However, nowadays most animal welfare inspectors and auditors have a three-year university education covering biology, legislation and inspection methodology. For inspectors with other backgrounds, continuous professional development (CPD) courses are available. This differs from some other countries where, for example the official inspections are carried out only by licensed veterinarians. The EU Commission, via Better Training for Safer Food, BTSF, (https://better-training-for-safer-food.ec.europa.eu/training/) and the EU Reference Centers for animal welfare, EURCAW (https://food.ec.europa.eu/animals/animal-welfare/eu-reference-centres-animal-welfare_en) offers CPD mainly directed toward official animal welfare inspectors. There are also international private initiatives for third party auditors, for example, the Professional Animal Auditor Certification Organization (https://animalauditor.org/) that offers education and certification for auditors, but these are rarely, to our knowledge, used in the EU. The inspectors and auditors in this study largely agreed with each other regarding what traits made a good inspector, even if there were some minor differences. However, there seems to be some obvious differences in the perception of what constitutes a good animal welfare inspector between the official inspectors and private auditors on one hand, and the dairy farmers and trotting horse trainers on the other hand. The animal owners graded inspectors who could make flexible assessments higher (15, 16), a trait that the inspectors and auditors in this study stated to be one of the least important. The respondents in this study (especially the private auditors) did, however, agree with the dairy farmers and trotting horse trainers that it is important that the inspector is knowledgeable and familiar with the type of animal husbandry inspected. It is important that the similarities and differences between the different views of the inspectors’ role are discussed and illuminated in order to generate shared expectations.

The respondents in this study reported that their main task during an inspection is to check for compliance with a regulation, and that this task includes providing information to the animal keeper so they will understand the regulation. The official inspectors stated to a high degree that they could give animal keepers advice on what measures needed to be taken in order to comply with the legislation. This is in contrast with what Danish official inspectors have stated, that giving advice is not allowed as it can be used against the inspector in a later court case (19). This difference may partly be based on how the term ‘advice’ is defined by the respondents, as the Swedish inspectors are not expected to or allowed to formally advise animal owners, for example, on how to construct buildings, what brand of equipment to buy or what routines to implement. However, they can give information and guidance about the current requirements in the legislation and examples related to problem solving. Receiving good advice is important for the dairy farmers’ and trotting horse trainers’ positive perception of an inspection. However, neither the trotting horse trainers nor the dairy farmers reported having been given more advice from the official inspectors than any private auditor, but rather the opposite (15, 16). Hence, there is a risk that there are different expectations and definitions on what guidance in relation to compliance with regulation actually means.



4.3 Views on uniformity and the controllability of the regulations

The respondents in this study stated that making uniform assessments is important. However, fewer of them stated that they are able to achieve this.

Firstly, the respondents did report that there are requirements in the regulations that are difficult to interpret. However, the official inspectors seemed to have more trouble with interpreting the legislation. The official inspectors mentioned that the newer national regulations for dogs, cats and horses have been made more flexible and goal oriented, which has made interpretation and uniform assessments more difficult. It has been argued that the use of vague formulations in regulations increases the risk of variation in interpretations (33, 40–43). This has also been noticed by the EU Commission, which has concluded that it is important to have clearly formulated animal welfare requirements to avoid disparities and to better protect animal welfare (8). In Sweden, both the government and the farming industry have recently tried to influence the SBA to make more goal oriented and flexible regulations (44). At the same time, they want to see clear and unambiguous regulations. Hence, there are certainly mixed signals on how the regulations should be designed.

Secondly, the results show that both the official inspectors and private auditors sometimes do accept minor non-compliance if they assess the overall animal husbandry and welfare to be good. This is in agreement with Anneberg et al. (19), who reported Danish animal welfare inspectors stating that their decision to note a minor non-compliance or not varies, and that it is not possible to fully standardize inspections. In our study, we found disparate opinions among the respondents regarding how much room for interpretation the inspectors and auditors should have. However, the private auditors were more likely to feel that inspectors/auditors should have considerable room for interpretation so that good solutions can be found in individual cases. Holm (45) found that the Norwegian official animal welfare inspectors that perceived their role to be more indicative and consultative than police-like had a more positive attitude toward considerable rooms for interpretation. There are no easy answers to how much discretion (i.e., room for maneuver when it comes to following or deviating from rules and procedures to address client needs and circumstances) that should be allowed or that are preferred, but some level of discretion may be necessary when handling complex issues (46–48). However, research on street-level bureaucracy has suggested that when there is much room for interpretation, discretion factors, such as age, gender, working experience, personal norms, and education, may affect the assessment and outcome (33, 48, 49). This is important to bear in mind as the inspectors and auditors working in the field will be of different ages, genders, etc. and will have different educational backgrounds and work experience.

Thirdly, a reason behind the difficulties in achieving uniformity could be the presence of unclear guidelines, i.e., documents in addition to the basic regulation. Even if an inspection guideline aims to increase uniformity, this will be hard to reach if the guidelines themselves leave room for maneuver, which some of the guidelines do (50). A guideline or checklist can also be detailed and simultaneously imprecise, leading to subjective assessments (18). Another reason behind the difficulties in achieving uniformity is that the individual CABs and the private audit companies tend to develop their own inspection guidelines. Our results imply that this is common, and that these guidelines are used to a large extent, giving them a substantial impact on the assessment, handling and decisions related to an inspection. Veissier et al. (18) found that it was common for French official animal welfare inspectors to create and use their own criteria in addition to an official checklist. The main reasons for this seemed to be a perception or opinion that certain criteria were missing from the official checklists. Regardless of the reason for individual guidelines and criteria, there is a risk that different assessments of similar situations will be made between colleagues placed in different parts of the country, while still carrying out inspections based on the same regulation. Another risk is that precise guidelines can be perceived as containing additional requirements, although they do not constitute binding law. Hence, it is important that animal keepers are aware of such guidelines, for transparency and from a legal security perspective.

Finally, we have the presence of both official inspections and private audits, which leads us to the question of uniformity between the different actors (i.e., official and private). Most private standards in Sweden regarding animal welfare contain more or less the same or similar requirements as the animal welfare legislation, at least as a baseline. However, the inspection guidelines and the assessments will not necessarily be the same between these different regulations. Previous studies have illustrated the risk of different outcomes when using different guidelines and assessment protocols (11, 40, 50, 51). In this study, the majority of the official inspectors perceived that they and the private auditors do not note the same finding in similar situations when applying the same requirements. This was also the perception of some of the private auditors, but to a lower extent. Previous Swedish studies have also shown that dairy farmers especially have experienced such differences in outcome between inspections carried out by official inspectors and private auditors (15).

It might be expected that the respondents would perceive the private auditors as often making stricter animal welfare assessments than the official inspectors, since the legislation represents the minimum standard and the private standards usually, more or less, aim for a higher animal welfare level. However, this seems not to be the case, as the respondents were in agreement that private auditors do not make stricter assessments. In previous studies, we have, for example, seen that the outcome will differ depending on whether the assessment is carried out at the individual or group level, i.e., if every single animal matters or only an average figure is sought (11, 50, 52). In those studies, it was more common for the private auditors to measure at a group/herd level than the official inspectors. This may also be reflected by the results of this study, where the majority of private auditors stated that non-compliance affecting several animals in a herd was more serious than if they concerned individual animals only. Winckler (53) illustrated that group-based animal welfare assessments are often used within private assurance schemes, while pointing out the fact that animal welfare in general refers to an individual animal’s state and experience.



4.4 The presence of both official and private inspections

The private auditors reported having more knowledge related to the official animal welfare inspections and the official legislation, than the other way around. This can probably be explained by the private standards being based on the legislation. In addition to having less knowledge about private audits, the official inspectors also had a more negative experience of and attitude toward them, which may partly be explained by the lack of knowledge about the private standards and audits. Nevertheless, one main concern shared by official inspectors was the perception that private auditors too often ignored obvious animal welfare problems, and another concern mentioned was the risk of private auditors not being impartial due to financial interests. To what extent these perceptions are in accordance with reality, we cannot say based on this study. However, when several different private audit companies are competing for the same ‘customers’, there is a risk that the inspectors will be more lenient, which has, for example, become evident within the Swedish motor vehicle inspection market (54). Of the private standards within this study, KRAV has three different private audit companies carrying out animal welfare audits, from which the farmers can chose freely, and there may be a risk that the farmers chose the third-party audit company that has a reputation for being more lenient. It has also been stated that private standards are generally less reliable, and that there are challenges in relation to the control and enforcement of these (55). Now and then private standards have been investigated or scrutinized by animal rights organizations and media claiming that the audits are too lenient and do not keep what they promise in relation to their welfare standards or various marketing claims. For example, the RSPCA Assured certification is currently under pressure in the UK (56), and both Arlagården® and the organic KRAV audits have been questioned in Sweden (57, 58). However, it could also be argued that the presence of private standards and audits improves animal welfare and that it is an advantage to have inspections from different actors carrying out inspections independently from each other. Previous studies have, for example, shown that farmers who are affiliated with certain private standards and assurance schemes, hence being inspected by private auditors as well as official inspectors, have less non-compliance than other farmers during an official inspection (11, 59, 60).

The official inspectors recognized that animal keepers have difficulties in distinguishing between different inspections, i.e., mixing up private and official inspections. This was also recognized by the private auditors, but to a lower extent. Swedish dairy farmers have mentioned the risk of mixing different inspections up (15) and not understanding who is there for what inspection. Thus, the presence of these different inspections can make the work more difficult for the inspectors and auditors, as well as for the animal keepers, who are supposed to understand the role and aim of different inspections and different inspection outcomes.

Although the responding inspectors and auditors in this study had different views of the necessity of private audits in addition to official inspections, they agreed that collaboration and communication between them could and should be improved. It should be taken into account when discussing such matters, for example, that the official inspectors have a larger ‘toolbox’ to use when non-compliance is detected in order to enforce legislation (3). Furthermore, private audit companies can exclude members that do not comply with the basic requirements or membership rules of the private standard. Consequently, if an animal keeper is expelled from a private standard system, only the CABs will retain the task of enforcing the legislation with the former member and needs to be informed about this to be able to correct their risk classification of the farm in question. The dairy farmers and trotting horse trainers have already clearly stated that they would like to see better collaboration between the private audit companies and the CAB (15, 16).

It is worth noting that most of the respondents stated that it was reasonable to have an animal welfare inspection at least every third year at farms and other animal premises. This is in agreement with what the dairy farmers and trotting horse trainers stated (15, 16). However, the present goal, based on the resources available, for the official inspections is that 10% of farms with food producing animals are to be inspected each year (28), which means an inspection frequency of approximately every tenth year, although this may vary based on the nature of the risk-based system. Official control statistics show that the CABs do not even reach this goal (28). Even when they do reach this goal, it is still far from what the inspectors in this study thought would be reasonable. Private audits are carried out much more often, for example, KRAV carries out annual inspections at animal premises, which is more in accordance with what the respondents (inspectors, auditors and animal keepers) have stated as desirable. Public, governmental operations often struggle with cutbacks and limited resources, which means that priorities must be made (33). Animal welfare inspection activity is no exception. In addition to extended inspection intervals, this is also reflected in this study by the low grade of extra inspections (i.e., follow-up inspections due to non-compliances) that the official inspectors make compared with the private auditors, a phenomenon which has also been reported previously (11). In a French study, the authors found that compliance was improved at farms that were re-inspected but not at other farms (61). Hence, from this perspective, it could be argued that the presence of private standards contributes to ensure animal welfare at a farm level.



4.5 Respondents and study limitations

The questionnaire was made available to all official animal welfare inspectors and the majority of the private auditors in Sweden. The exact number of potential respondents is unknown, but we estimate that there were approximately 250 official inspectors and between 30 and 50 private auditors active in this field at the time of this study according to information we received from the CABs and the private audit companies. Hence, the two groups are inevitably uneven in size. There were more female than male respondents in this study. In general, women tend to reply to questionnaires more often than men (62). However, women are also considerably overrepresented among inspectors and auditors in Sweden. Response rates were relatively high, with a high proportion of completed answers, and the respondents covered all 21 counties of Sweden. A potential bias of respondents compared to the whole group of inspectors and auditors cannot be excluded (e.g., those more interested in the subject for various reasons), but unfortunately, we do not have access to descriptive statistics for the non-responders to further investigate this.

Statistical tests were performed on many questions, comparing responses between both inspectors and auditors, between female and male respondents, and between age groups of the respondents. We have strived to scrutinize and show the relevance of detected statistical differences by comparing with results from other scientific studies.




5 Conclusion

Swedish official inspectors and private auditors carrying out animal welfare inspections usually enjoy their work. They also seem to have quite similar ambitions and views on how to carry out inspections, aiming to create good dialog with the animal keeper. However, there are certain differences regarding how the inspections are perceived. For example, the official inspectors responded more frequently that they are exposed to unpleasant and threatening situations than the private auditors. They also have a slightly more negative view of the animal keepers’ knowledge about animal welfare, of how the animals are housed and managed, and of how the animal keepers act during the inspections. It should be borne in mind that the official inspectors also carry out inspections after complaints, often make unannounced inspections, inspect a greater range of animal premises (e.g., different pet premises alongside farm and horse premises), and have a position of greater power as representatives of the government than the private auditors. We suggest that these circumstances, together with differences in age and gender distribution, can potentially explain some of the differences in views between the official inspectors and the private auditors. The official inspectors also had a slightly more negative attitude toward the presence of private auditors than the other way around. Nevertheless, the respondents agreed that their communication and collaboration need to be improved.

This study can contribute to scientifically based discussions on working environment issues during the training of inspectors. It can also contribute to what further training should focus on, and how employers can manage the working environment in a more active way. Further research in this area is important as communication and information about inspections can be improved between authorities, private audit companies, and animal keepers so that expectations around animal welfare inspections are more aligned.
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In the last decades, significant progress in welfare assessment of commercially farmed species has been achieved. Since then, various initiatives applied and improved existing protocols, or developed new ones for species like farmed rabbits or fish. This has resulted in a wide range of protocols, indicators and measures potentially lacking standardization and harmonization. However, standardized protocols are crucial for generating quantitative and comparable welfare data. In this literature review we (i) provide the state-of-the-art regarding application of welfare assessment protocols under commercial conditions for farmed species, (ii) their representation of the five welfare domains, and (iii) which animal-based welfare indicators have been applied. Further, (iv) we evaluate the alignment of welfare indicators as applied in scientific publications with highly relevant welfare consequences as defined by European Food Safety Authority (EFSA) for dairy cattle, pigs, broilers, and laying hens. Based on this, we (v) identify strengths and weaknesses regarding the domains covered and use of animal-based indicators, and define areas for further development. Most scientific publications focused on dairy cattle, followed by broilers, pigs and sheep. No publications were found for aquatic invertebrates, insects, fish species other than salmonids, and quails, highlighting the need for welfare assessment protocols for these species. Dairy cattle, horses, and sheep accounted for the highest number of unique indicators. Protocols generally covered all five welfare domains, with health indicators dominating. Animal-based welfare indicators were most prevalent. Common indicators across species were extracted and can be a starting point for the development of assessment protocols for novel species. Highly relevant welfare consequences as defined by EFSA were addressed. In conclusion, while welfare assessment protocols have been developed and tested under commercial conditions for many farmed species, assessment protocols for small-scale farmed species need attention. The wide variety of indicators extracted shows a lack of standardization and harmonization, risking divergence in indicators assessed between protocols. Attention should be given to define standardized welfare indicators per species, enabling comparable data collection related to important welfare issues and benchmarking to improve farm animal welfare.
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1 Introduction

Welfare assessment of commercially farmed species is relevant to address societal concerns about farm animal welfare. These concerns are reflected in the results of the last European survey (1), where 84% of the surveyed citizens stated that the welfare of farmed animals should be better protected in their country than it is now. Information on the welfare status of farm animals can be used for food labeling to inform consumers (2), to inform farmers in order to improve the welfare of their animals, for benchmarking on animal welfare within production chains, and to support legislators. This calls for standardized animal welfare assessment protocols delivering harmonized and quantitative animal welfare data (3). Recent work conducted for the European Food Safety Authority (EFSA) (3) however indicates that there is currently a lack of quantitative, harmonized and validated data on welfare of farmed animals.

A welfare assessment protocol should contain comprehensive, valid and reliable indicators, and should be affordable and feasible to carry out in commercial practice (4). A welfare indicator can be defined as a measure or set of measures of a specific trait or state, which is specific to species and measurement context (5). In the last decades, considerable progress has been made in the development of welfare assessment protocols for farmed animals, particularly through European initiatives such as Welfare Quality (4) (dairy cattle, veal calves, pigs, broiler chickens, laying hens) and Animal Welfare Indicators (AWIN) for small ruminants, Equidae, turkeys and broiler chickens (6). Both Welfare Quality and AWIN addressed the multidimensional concept of animal welfare, requiring that all welfare domains are incorporated in the assessment protocols. Welfare Quality defined four welfare principles based on the five freedoms (i.e., good feeding, good housing, good health and appropriate behavior) and 12 underlying criteria, which should be fulfilled to meet the requirements regarding welfare (4) and the same framework was used by AWIN (6). Researchers applied these protocols in commercial conditions to collect information on the welfare of farmed species, to benchmark systems, and to further improve and refine existing welfare protocols. Following these developments, protocols have been developed that were for example aimed at being more feasible to perform under commercial conditions or considering the characteristics of the system (i.e., extensive or intensively housed) or covered species that were not addressed earlier [e.g., for rabbits (7)]. The Five Domains Model (8, 9) can also be used to provide a comprehensive framework for defining animal welfare (10). The first four domains (nutrition, environment, health, and behavior) focus on positive or negative subjective experiences of the animal, which contribute to the mental state of the animal, as evaluated in the fifth domain. Recently, the European Food Safety Authority (EFSA) panel on Animal Health and Welfare has investigated all potential welfare consequences that farmed animals can experience on farm and during transport (11). Moreover, based on their severity, duration and impact on the animals’ overall welfare they have defined “highly relevant” welfare consequences for some farmed species and also provided suggestions for indicators to monitor potentially impaired welfare (12–15). EFSA applies the “highly relevant welfare consequences” to their risk assessment models, which aim to guide public policies. These indicators should be animal-based, i.e., measure the response of an animal or an effect on an animal (16). Welfare Quality and AWIN protocols apply animal-based indicators where available or feasible but also include resource- or management-based welfare indicators (6).

For the main farmed species research efforts have resulted in a wide range of assessment protocols that are applied, but it is yet unclear whether these sufficiently cover all welfare domains, are properly standardized and to what extent these address the most important welfare issues. In addition, for species farmed on a smaller scale, welfare assessment protocols suitable for commercial conditions and covering all welfare domains are still lacking or are in an early stage of development. Moreover, it is unknown to what extent indicators in existing protocols can be linked to the (highly relevant) welfare consequences defined by EFSA. Therefore, the aim of this review paper is to provide the state-of-the-art knowledge with respect to (i) the application of welfare assessment under commercial conditions, (ii) the extent to which these are representing the five domains of welfare, and (iii) the proportion of animal-based over resource-based welfare indicators that are applied. In addition, for the four main farmed species, i.e., dairy cattle (12), pigs (13), laying hens (14) and broiler chickens (15), we aim to (iv) identify whether applied indicators cover highly relevant welfare consequences as defined by EFSA. Finally, we (v) aim to identify strengths and weaknesses based on the previous criteria (domains covered and animal-based over resource-based indicators) of existing welfare assessment protocols, and define areas for further development. Under (i) we included a wide range of farmed species and categories within them, i.e., dairy and beef cattle (including veal calves and dairy calves), rabbits, farmed fish (salmon, trout, carp, seabream, tuna), horses, small ruminants (i.e., sheep and goats), pigs, broiler chickens (including day-old chicks and broiler breeders), laying hens (including chicks, pullets, and laying hen breeders), turkeys, ducks, geese, quails, aquatic invertebrates (i.e., white leg shrimp, giant tiger prawn, common octopus), and insects (i.e., mealworms, crickets, and honey bees). The present review follows previous work published by Paulović et al. (3). Here we provide a more in-depth investigation of the results and discussion, and performed additional analyses of the data collected for the work of Paulović et al. (3).



2 Methods


2.1 Literature search strategy

Datasets were used generated for the purpose of another project, for which the search strategy is described in detail in Paulovic et al. (3). We used part of those earlier generated data [‘step 1 data’ (3)] and performed additional analyses as described below. The search strategy is briefly summarized here.

The literature review comprised a 10-year time frame, from 1-1-2013 until 1-1-2023, and aimed to find scientific papers reporting applications of welfare assessment protocols in animals under commercial conditions (i.e., excluding papers applying assessment protocols in experimental facilities). Seventeen categories of farmed species were included (Table 1). Regarding fish, aquatic invertebrates, and insects, two experts in the field were consulted to select the most farmed species. For the different species, different production stages were included (e.g., sows with piglets, gilts, broiler and layer breeders, day-old chicks and pullets and adult birds, rabbit does with kits and meat rabbits, etc.), further identified as “category within species.”



TABLE 1 Species included in the literature review.
[image: Table listing animal species and related limitations for inclusion in a study, specifying particular species or production conditions for aquatic invertebrates, fish, horses, and insects, while other animals have no listed limitations.]

A Boolean literature review was performed using four databases: Web of Science (all fields), Scopus, CAB Abstracts, and Pubmed (restricted to title, key words and abstract). Searches were limited to English. For each species, specific search terms were applied, and these were combined with search terms related to welfare assessment under commercial conditions as described in Annex A of Paulović et al. (3). As an example, for dairy cattle, search terms related to the species (dairy cow, dairy cattle, milk* cow) were combined with terms related to commercial housing (farm, farmed, commercial farm, on-farm, herd, house, stable, slaughter, slaughter plant, abattoir, housing system, etc.). For all species these terms were combined with key-words related to welfare assessment: welfare assessment, welfare assessment method, welfare assessment framework; risk assessment, risk assessment method, risk assessment framework (all combined with welfare); welfare monitoring, welfare protocol, welfare assessment protocol, welfare indicator, welfare hazard, welfare label*, welfare scheme, welfare standard, welfare model, welfare guideline, welfare database, welfare data warehouse, welfare meta data, welfare initiative, welfare risk. For the number of initially found papers and the number of duplicates removed we refer to Appendix F in Paulović et al. (3). We used cross referencing and recently published EFSA scientific opinions (12–15) to identify additional scientific papers. Thereafter, duplicates were removed and records were screened for eligibility by reading the title and abstract. Eligible papers were studies performed under commercial conditions (commercial farms, slaughterhouses or both) and assessing the welfare of the species included in the study. Due to our search strategy, papers applying a selection of indicators and not the full welfare assessment protocol, and papers having a different purpose than welfare assessment (only), were also included.



2.2 Data extraction of welfare indicators for all farmed species

From each eligible paper, welfare indicators were extracted and included in Excel databases (one per species), each welfare indicator on a separate row. This means that welfare indicators that were used in more than one paper were extracted multiple times and thus represented in multiple rows in a species databases. We used the term ‘entry’ for each row in an Excel database. Welfare indicator names as used by the authors were included in the database, which could lead to spelling differences or different names used for indicators. Two indicators were considered different if they had different names even though they represented the same welfare consequence (the effect on the animal), or applied a similar scoring method. Information on the source was extracted and a number of attributes was linked to the entry as shown in Table 2. The full list of extracted attributes can be found in Appendix D of Paulović et al. (3). All extracted indicators were assigned to a welfare domain (9). For this we used the information in the respective papers, where indicators were often linked to a welfare domain (9) or to one of the four Welfare Quality principles (4). To the best of our knowledge, indicators within the Welfare Quality principle ‘appropriate behavior’ (4) were assigned to either the behavior or mental state domain (9). If authors did not provide clear links of indicators to a certain welfare domain we assigned these to a domain to the best of our knowledge. Per species/category, the various indicators for each welfare domain were assigned to four types: animal-based, environment-based, resource-based and management-based indicators. Animal-based indicators defined as a response of an animal or an effect on an animal. It can be taken directly from the animal or indirectly and includes animal records (16). Resource-based indicator defined as an evaluation of a feature of the environment in which the animal is kept or to which it is exposed (16). Management-based indicator defined as any indicator, tool, evaluation or management process an animal unit manager or stockperson applies (16). Environment-based indicator defined as any indicator describing the environmental conditions such as noise, dust, temperature, ventilation, light conditions, humidity and gas concentrations. Also the type of assessment protocol that was applied in a paper was extracted (e.g., Welfare Quality, AWIN).



TABLE 2 Description of attributes and information extracted from scientific papers.
[image: Table displaying column names, type of information, and descriptions for data collection on animal welfare indicators, including fields such as domain, source, species, indicator type, category, assessment protocol, manual or digital measurement, location measured, definition criteria, and additional notes.]



2.3 Linking entries to welfare consequences for four main farmed species

Further analysis of the data collected for the work of Paulović et al. (3) was carried out for four main farmed animal categories, i.e., dairy cattle, pigs, broiler chickens, and laying hens. For those species, we assigned each entry as extracted from the scientific papers to one of the 33 welfare consequences as defined by EFSA for various farmed species (11), and differentiated between welfare consequences as defined to be highly relevant for the species according to the recent EFSA reports (12–15) (16, 16, 10 and 6 highly relevant welfare consequences for dairy cattle, pigs, laying hens and broiler chickens respectively) and other potential welfare consequences. Note that entries could have been linked to multiple welfare consequences. The definitions of EFSA (11) and the species-specific reports of EFSA (12–15) were used to relate entries to welfare consequences to the best of our knowledge. In addition to the 33 welfare consequences as defined by EFSA (9), we included two other categories. One ‘no specific welfare consequence’ where the entry could, to our opinion, not be linked to one or more of the 33 welfare consequences (9). The other category was ‘potential iceberg indicator’, with iceberg indicator defined as a key indicator providing an overall assessment of welfare, summarizing many measures of welfare and being easy to understand (17).




3 Results


3.1 All species


3.1.1 Number of scientific papers, number of entries, and number of indicators per species/category

The literature search showed that most papers applying welfare assessment protocols under commercial conditions were found for dairy cattle (n = 79), followed by broilers (18), pigs (19) and sheep (20). Less than 10 papers were found for turkeys, ducks, and geese, and no papers for quails, aquatic invertebrates, and insects (Figure 1). Also, no papers were found for some categories within a species such as for broiler breeders and turkey breeders. For fish, the extracted papers represented four species (salmon, Rainbow trout, Gilt-head seabream, and European seabass) with most papers for salmon and Rainbow trout (four papers each). The average number of entries per paper shows that for some categories/species a wide range of indicators was included in the welfare assessments, such as for beef cattle and veal calves, goats, and rabbits, with on average more than 20 entries (i.e., 20 indicators measured) per paper, while for broilers and geese this was limited to less than 10 entries on average (Figure 1). The number of indicators was high for dairy cattle, beef cattle and veal calves, rabbits, horses, and sheep, indicating the application of many different indicators in the various papers (Figure 1). It should be noted that slightly different names could have been used for indicators having similar underlying scoring methods. Dairy cattle, horses and sheep account for the highest number of indicators (n = 646, 219, and 207, respectively) indicating a more complex and detailed welfare evaluation approach in comparison with geese and ducks (7 and 14 indicators, respectively).

[image: Bar chart grouped in three panels showing animal categories on the y-axis and, from left to right, the number of papers per species, average number of entries per paper, and average number of indicators per paper. Dairy cattle has the highest number of papers and average entries per paper, while sheep has the highest average indicators per paper. Several categories, such as aquatic invertebrates and insects, have zero papers. Data provided in numbers and also totals shown in parentheses in the second and third panels.]

FIGURE 1
 The number of papers that met eligibility criteria per species/category (left panel), the average number of entries per paper per species/category (middle panel), and the average number of unique indicators per species/category (right panel). In brackets after the bars in the middle panel the total number of entries for a species is shown, and in the right panel, in brackets the total number of unique indicators per species is shown. For fish, in the extracted papers, only Atlantic salmon/Salmo salar, European sea bass/Dicentrarchus labrax, Gilt-head seabream/Sparus aurata and Rainbow trout/Oncorhynchus mykiss were represented. No papers were extracted on broiler breeders and day-old chickens.




3.1.2 Distribution of indicators over the five welfare domains, and indicator type per domain and per species/category

For most species indicators were distributed across the Five Domains (9), with ducks and geese being an exception as for these categories the nutrition domain was not represented and for ducks also mental state was missing (Figure 2). Health-related indicators were dominating all protocols although for dairy cattle and goats many unique indicators were applied for the environmental domain. Fewer indicators associated with behavior and mental state were applied, and also for some species (dairy calves, pigs, broilers, laying hens) there were relatively few indicators representing the nutrition domain.

[image: Horizontal stacked bar chart compares percentages of unique animal welfare indicators by domain—nutrition, environment, health, behaviour, and mental state—for thirteen farm animal categories. Each bar divides indicators by color-coded domain and includes total indicator count per animal category.]

FIGURE 2
 The percentage of unique indicators extracted for the five welfare domains: nutrition, environment, health, behavior, and mental state. The total number of indicators extracted per species/category is shown at the right of the bars in between brackets. Aquatic invertebrates, quails and insects are not included as no papers were extracted for these species.


Figure 3 provides an overview of welfare indicators categorized by type, and organized into the Five Domains of welfare (9). Each species or animal category is represented by a pie chart that shows the proportions of these categories of indicators. Across most species, animal-based indicators (blue) were most prevalent or even exclusively present (for turkeys, ducks, and geese). For ruminants, rabbits, and horses, relatively many resource-(black) and management-based (green) indicators were included. Fish and broilers had relatively many environment-based (magenta) indicators in the assessment protocols (Figure 3). Regarding the representation over the Five Domains (9), nutrition and environmental domains were often limited to resource-based indicators rather than animal-based indicators.

[image: A grid of fourteen pie charts compares animal welfare indicators for various species, including dairy cattle, calves, goats, sheep, pigs, poultry, rabbits, horses, geese, and fish. Each pie chart uses colors to represent indicator categories such as behavior, environment, health, mental state, and nutrition, with animal-based, environment-based, management-based, and resource-based distinctions. The proportion of each category is visually presented, and the total indicator count is labeled at the center of each chart. A color-coded key below identifies each category for reference.]

FIGURE 3
 Overview of the type of indicator (animal-, environment-, resource-, management-based) per welfare domain for the different species/categories. Each pie chart shows the representation of indicator type per domain for a species/category, with each color within a species representing a different type of indicator (blue to cyan: animal-based; red to magenta: environment-based; green: management-based and yellow to black: resource-based). The dark–light variation within a color shows the presentation over the five domains. Aquatic invertebrates, quails and insects are not included as no papers were extracted for these species. Proportions lower than 3% are not indicated in figures.


Table 3 presents an overview of the five most frequently extracted indicators per species and domain for the four main farmed species (dairy cattle, pigs, broilers and laying hens) and Supplementary Table 1 provides this for all other species. For several domains, similar indicators have been applied across species, such as the Qualitative Behavior Assessment (dairy cattle, dairy calves, sheep, pigs and broilers) and fear for humans (i.e., avoidance distance or flight distance) (all species except dairy calves, laying hens, ducks, and fish) for mental state domain, and body condition (scoring) (all species except dairy calves, laying hens, ducks, geese, and turkeys) for the nutrition domain. For the health domain, lameness or walking ability is within the top five most extracted indicators for several species (dairy cattle, beef cattle and veal calves, pigs, sheep, broiler chickens, turkeys and geese). Nasal and ocular discharge, cleanliness, diarrhea and fecal soiling are frequently applied for ruminants, horses, rabbits, and also in ducks. Differently, broilers, laying hens, and fish have more species-specific indicators in the health domain such as footpad dermatitis (broilers and laying hens) and fin condition in fish. In the behavior domain, social behavior (either negative or positive) was scored in several species (dairy cattle, dairy calves, sheep, pigs, turkeys, rabbits and horses) but generally, there was a large variation in indicators. E.g., in fish and dairy calves, several indicators appeared only once in the database. In laying hens, all indicators in the behavior domain related to feather damage, which was also assessed in ducks. Table 3 and Supplementary Table 1 confirm that resource-, management-, and environment-based indicators were particularly present in the environment and nutrition domains. For example, bedding (type, quality), dust, stocking density and cage sizes are used in the environment domain, and feeder space, water availability, water cleanliness, and type of feed in the nutrition domain.



TABLE 3 Overview of the top five indicators per domain as extracted from the scientific literature for dairy cattle, pigs, broilers and laying hens, and the number of times it was extracted from the various papers (displayed in brackets after the indicator).
[image: Table listing species, domain, and the top five most frequent welfare indicators for dairy cattle, pigs, broiler chickens, and laying hens, with indicators divided into behavior, environment, health, mental state, and nutrition and key indicators in italics.]



3.1.3 Welfare assessment protocols

Table 4 shows that for all species except rabbits and fish, either the assessment protocols developed within the Welfare Quality or within the AWIN project were applied most (or protocols derived from these and (slightly) adjusted). For rabbits, the WelFair protocol was the most common applied protocol (7). Table 4 also shows that for some species a large percentage of the papers applied other protocols. E.g., for dairy cattle there were many other protocols available, and for laying hens five other protocols were applied (Core Organic, AssureWel, LayWel, Aviary Transect, NorWel).



TABLE 4 Most applied assessment protocols for the different (categories of) species.
[image: Table showing animal species, welfare assessment protocols applied, percentage of papers using each protocol, and total paper numbers. Broilers have the highest percentage at eighty-two percent, ducks at seventy-five percent, and goats at seventy-one percent.]



3.1.4 Location of assessment (farm or slaughter plant) and manual or digital assessment

In the vast majority of the papers, for all species/categories, most assessments were performed on- farm, with limited evaluations taking place in other contexts, such as slaughter plants. Broilers had the highest proportion of indicators assessed at slaughter (17%). On the other hand, for dairy calves, goats, sheep, ducks, geese, rabbits, and horses, there were no assessments at the slaughter plant at all (data not shown). The majority of assessments were performed manually and only in few occasions instruments (e.g., to measure gas concentrations), video algorithms or other types of sensors were applied (data not shown).




3.2 Links between entries and welfare consequences for the four main animal categories

Figure 4 shows the connection between the welfare consequences as defined by EFSA (11) and the entries as extracted from the papers for four major farmed species (broilers, laying hens, pigs, and dairy cattle). Note that entries can be linked to multiple welfare consequences. Results show species-specific considerations, as not all welfare consequences are applicable for each species (e.g., inability to express maternal behavior for broiler chickens) and not all welfare consequences are considered relevant to each category of species. For broiler chickens (352 links) and laying hens (211 links), the connection was largely on health and physical condition (e.g., integument damage for broiler chickens and laying hens, locomotory disorders for broilers, and fractures and dislocations for laying hens). For pigs, having 640 links in total, entries were more evenly distributed across multiple welfare consequences compared to both poultry species, and multiple categories were included in assessment protocols (piglets, sows, fattening pigs). Entries as extracted from pig papers were connected mainly with soft tissue and integument damage and respiratory disorders. On the other hand, in dairy cattle (1,690 links) health-related issues (e.g., mastitis) and locomotory disorders (e.g., lameness) were the most frequent entries linked to welfare consequences.

[image: Bar chart comparing the percentage of links for thirty-three welfare issues across dairy cattle, pigs, broilers, and laying hens. Laying hens are most associated with skin disorders, while different welfare challenges dominate other categories.]

FIGURE 4
 The number of entries per species, for the four main farmed species, in relation to the 33 welfare consequences as defined by EFSA (11) and the number of entries that could not be directly connected with one of these 33 welfare consequences (category 0, upper line). For each species, EFSA defined highly relevant welfare consequences (12–15) which are represented by asterisks.


A high number of entries extracted from scientific literature were not linked to any defined welfare consequence as outlined by EFSA, particularly for broiler chickens and dairy cattle, and were defined as “not directly connected” (category 0). For broiler chickens and laying hens, this category mainly included mortality, culls and carcass rejections at the plant, which could not be directly connected to a particular welfare consequence. For dairy cattle and pigs, this category was more diverse, with entries related to health issues which were not further specified and many resource- or management-based indicators that could not be directly linked to welfare (examples are fence height, milking frequency and general behavior for dairy cattle). For dairy cattle, all highly relevant welfare consequences could be related to indicators present in the papers. For broiler chickens, umbilical disorders and hernias were not represented in the papers, but this is relevant to day-old chicks for which no protocols were found. For laying hens, resting problems, isolation stress and the ability to avoid unwanted sexual behavior were not included; the latter two being relevant to layer breeders. Although one paper included layer breeders, these welfare consequences were not addressed. Finally, for pigs, isolation stress and inability to perform sucking behavior were not represented by indicators included in papers, despite these are particularly relevant for specific categories of pigs.

Some relevant welfare consequences had links with just a few entries. Examples are separation stress and inability to perform maternal behaviors for pigs, skin disorders, eye disorders, locomotory disorders and sensory over- or under stimulation for laying hens, resting problems for broiler chickens and mastitis for dairy cattle.




4 Discussion

In the present paper we reviewed scientific literature over a 10-year period, reporting on the application of welfare assessment protocols in commercial conditions. The papers addressed a wide range of farmed species, and the gathered literature was used to identify strengths and weaknesses of existing assessment protocols, and to identify areas for further development.

The screening of scientific papers clearly showed a lack of information for novel farmed species such as insects and invertebrates, as no scientific papers on welfare assessment under commercial conditions could be found for these species. Insect farming, although increasingly applied, is still in its infancy and this also holds for studies on evidence of sentience and how to assess welfare in the various insect species (21, 22). Although there is evidence for sentience in decapods and cephalopods (23), there is a lack of welfare indicators for these species, and the development of welfare assessment protocols for aquatic invertebrates is still in an early stage (24, 25). Development and testing of protocols for these animals under commercial conditions is clearly an area for further exploration.

For species farmed on a relatively small scale (quail, common carp, Atlantic bluefin tuna) and for narrowly defined production categories within species (e.g., broiler breeders), no scientific papers on welfare assessment in commercial farms were found. Within the AWIN project, a welfare assessment protocol has been developed for turkeys (20), and more recently an assessment protocol has been developed for farmed rabbits based on the same principles as Welfare Quality (7), and initiatives were undertaken for farmed ducks and geese [e.g., Abdelfattah et al. (26) and Tremolada et al. (27)]. However, papers reporting application of welfare assessment under commercial conditions remain relatively scarce. For fish, results suggest that protocols for various farmed fish species are under development. The most important welfare risks and issues differ between farmed species, depending on the unique biology of the given species and the species-specific housing and management practices. However, when screening the top five indicators that have been applied across the various species, we observed common indicators in some domains (e.g., avoidance or flight distance to assess fear of humans in the mental state domain; lameness, injuries and fecal soiling in the health domain; body condition scoring in the nutrition domain). These common indicators can be used as a starting point for the development of assessment protocols for novel species. Regarding fish, although there are common aspects in farmed fish assessment protocols, different species have their own specific rearing conditions and welfare. Attempts have been made to design fish welfare protocols that can be applied across multiple fish farming systems (28), while other assessment protocols are specific for one single farmed fish species [e.g., salmon (19)].

The development of welfare assessment protocols initially focused on the major farmed species (dairy cattle, pigs, broilers and laying hens). Our results show that most scientific articles on the application of any welfare assessment protocol under commercial conditions refer to dairy cattle. A more detailed analysis of these protocols indicated a wide diversity of protocols applied in dairy cattle, where the application (or adaptation) of the Welfare Quality protocol stood out. This illustrates the relative great attention for welfare assessment of dairy cattle compared to the three other categories of main farmed species, i.e., pigs, broiler chickens and laying hens. For pigs, papers could include multiple species categories such as sows with piglets and weaned and fattening pigs, although the majority focused on fattening pigs. For dairy cattle, calves were included in a separate category. For horses and sheep, a comparable number of papers as compared to pigs, broilers, and laying hens was found. Although sport horses have been excluded from the study, the number of papers found for this species might have been biased as working horses as well as horses used for other purposes (i.e., recreational, draught power) were included, not necessarily being kept for purpose of meat production. However, horses originally kept for other purposes can end up in the food chain. Therefore, we selected papers on other categories than sport horses in our assessment. The number of horses assessed per farm was variable, but in general small. We did not specifically select papers on studies carried out in Europe, and for dairy and beef cattle nearly half of the studies was carried out in other countries (3). However, for the other species, nearly all the studies were performed in European countries, and the conclusions might therefore be more relevant to European conditions than in a global perspective because of the specific animal welfare legislation in force, or that not all the studies carried out outside Europe have been published in scientific journals.

The total number of indicators that were applied in the scientific papers, thus all indicators with a different name, was high, especially for dairy cattle, beef cattle and veal calves, sheep, and horses with more than 200 different indicators extracted for these species. Thus, many different indicators were applied in the various papers, although we also noticed that comparable indicators could have a slightly different name and were therefore extracted as being different (e.g., clean drinkers and cleanliness of water points). This suggests that there is a lack of standardization for the majority of species in the indicators that have been applied, which makes it difficult to compare outcomes of welfare assessments between studies. Further, on average, many entries per paper were found, meaning that per paper, many different indicators were scored. These numbers were especially high for beef cattle and veal calves, goats, rabbits, and fish, with over 20 indicators measured per paper on average. This suggests that multiple indicators could have been used in the assessment of the most relevant welfare consequences, or that many welfare consequences and/or risk factors were addressed in addition to the most relevant ones, especially in the health domain.

The drawback of welfare assessments including many indicators could be that it is time-consuming to complete the assessment, which may hamper application in practice due to high costs and lack of practical feasibility. This calls for the application of the so-called iceberg indicators. An iceberg indicator provides an overall assessment of welfare, somehow representing many measures of welfare (17). A well-functioning iceberg indicator is easy to implement and monitor (3). The inclusion of iceberg indicators in future welfare assessments could reduce the number of measures to be used, also reducing the time needed to carry out the assessment. These overall indicators can be used for indicative welfare assessment, enabling assessors to restrict conducting a more comprehensive assessment in case the threshold for iceberg indicators is exceeded and further inspection is needed. The literature reports examples of iceberg indicators for different species, such as stereotypies and frothy saliva in sows (18); absence of prolonged thirst in dairy cows (29); body condition, fleece cleanliness, color of the eye mucous membrane, flight distance and qualitative behavior assessment in sheep (30); mortality, feather cleanliness and walking ability in broiler chickens, and mortality, feather damage and keel bone damage in laying hens (31). Development of sensor technologies enables the development of standardized iceberg indicators that can be routinely collected, e.g., at slaughter, such as footpad lesions for broiler chickens (15). The development of sensor technologies for automated assessment of welfare indicators is very promising in general, as it may lead to substantial reduction in the time needed for assessment, enabling more continuous monitoring during the farm stage and early warning of emerging welfare problems. Few papers already included sensors to assess welfare under commercial conditions, such as optical flow patterns indicative of hock burn and mortality (32) and activity patterns indicative of hock burn and footpad dermatitis (33) in broiler chickens. A recent study that investigated the implementation of welfare assessments using sensor technologies found that a minority (one out of 19) of welfare schemes uses data from sensors, and this was limited to health data (34). This reveals the low degree of implementation of automatic measurements in routine welfare assessment.

Another explanation for the large number of unique indicators found for several species may be that protocols have been adapted due to experiences over time. Protocols resulting from projects such as Welfare Quality® and AWIN have been initiatives offering a scientifically grounded framework for assessing welfare in commercial farms, providing tools to benchmark and improve animal welfare across different systems and comparisons between farms. However, in many cases these protocols have been adapted to be feasible for commercial application, considering factors such as time constraints and farm resources or local farming conditions (i.e., in extensive farming systems). This was illustrated by the finding that not only the original protocols were applied, but also protocols derived from the original ones and customized to local conditions. Although this may lead to more feasible protocols or better indicators, it also reduces standardization and hampers comparison based on quantitative results. One example of this is the large variety in laying hen welfare assessment protocols in addition to Welfare Quality [e.g., Vasdal et al. (35) and Rorvang et al. (36)]. On the other hand, despite differences between laying hen protocols, a set of common indicators related to the most important welfare issues was included in the various laying hen studies, such as plumage damage scores, injury scores and keel bone fractures and deviations scores, indicating a starting point for standardization. There is clearly a need for a selection of a set of valid and feasible key welfare indicators for each species addressing the most important welfare consequences and all welfare domains. This selection should be based on consensus between stakeholders and should be re-evaluated on a regular basis to update with new developments in research.

For most species, all five welfare domains were represented with indicators, apart from ducks and geese where there were no indicators in the nutrition domain. For these species welfare assessment appears to be still in a premature stage of development, given the lack of papers on application and the fact that the papers found were from recent years. The relatively large number of indicators in the health domain for nearly all species can be explained by several reasons. First of all, the health domain has a broad definition, including injuries, disease, poor physical fitness and functional impairment (9). It includes pain induced by management procedures such as injuries according to Welfare Quality (4), and thus needs to be addressed by multiple indicators unless iceberg indicators are used. As welfare assessment protocols sometimes seem to be developed from a veterinarian view point, this may also explain the focus on disease, which seems to especially be the case in dairy cattle where a long list of unique health indicators was found. Further, injuries or diseases might be easier or more feasible to assess (and already included in standard veterinary protocols) than indicators in the other domains. This seems especially the case for indicators within the mental state and behavior domain. Behavioral observations are time consuming and there seems to be a lack of easy applicable indicators in the domain addressing the most important welfare consequences, reflected in less standardization in indicators between studies. E.g., in dairy calves or fish, few and different indicators between studies were found, clearly indicating an area for further development. Automated scoring of behavior using sensor technology may help to better address the behavior in welfare assessment protocols. For mental state, apart from the Qualitative Behavior Assessment which is applied in several species [e.g., Czycholl et al. (37), Gutmann et al. (38), and Phythian et al. (39)], assessment of emotions is still under development, in particular regarding positive emotions (40). Although research regarding assessment of positive emotions is in progress [e.g., Krugmann et al. (41), Laurijs et al. (42), and Papageorgiou et al. (43)] there is a lack of feasible and valid indicators to be applied in practice. A desk study within the same project as the current literature review showed several research initiatives in this area but also identified that more efforts to develop feasible indicators for positive welfare are needed (3).

The representation of indicators across the Five Domains reveals a limitation in the nutrition and environmental domains. These domains often rely on resource-based indicators (e.g., feed availability, water quality) rather than animal-based indicators (e.g., body condition, hydration status), restricting the depth of welfare evaluation in these areas. Despite resource-based indicators providing critical baseline information (e.g., availability of feed), they may not fully reflect the animal’s response (e.g., weight gain). Similarly, environment-based indicators, like ventilation (e.g., NH3 concentration) and space allowance (e.g., stocking density) are prioritized over animal-based indicators like signs of heat stress (e.g., panting). The reliance on resource- and environment-based indicators in certain domains can limit the accuracy and relevance of the welfare evaluation. Animal-based indicators are crucial for understanding the welfare state of an animal or group of animals. Results also showed a relatively high representation of management-based and environment-based indicators for all categories of ruminants in comparison to other species, sometimes in addition to animal-based indicators. Examples are registration of pasture access, cubicle size, pasture management, and management around weaning. This could be helpful to improve housing and management in relation to welfare.

Linking the indicators as represented in the literature to the full list of welfare consequences as defined by EFSA (11), and to the welfare consequences identified as ‘highly relevant’ for dairy cattle, pigs, broilers and laying hens (12–15), showed that most of the highly relevant welfare consequences per species could be linked to indicators as present in the screened studies. However, some widely used indicators could not be linked to highly relevant welfare consequences, especially for dairy cattle (e.g., general health problems, health indicators in blood, culled cows, clinical examination scores). The reason could be that that EFSA’s selection of highly relevant welfare consequences is based on their severity, duration, and frequency, and for example, severe but not frequently occurring welfare consequences were included in the papers. Nevertheless, a thorough screening of the indicators and possibly a selection of those linked to the most relevant welfare consequences could help to increase the feasibility of the protocols for commercial practice. Further, for each of the four main species, indicators were included that could not be linked to a specific welfare consequence but that are obvious indicators of impaired welfare such as condemnations, culls, and mortality. These can possibly be used as iceberg indicators leading to a more in-dept assessment when certain thresholds are exceeded.



5 Conclusion

A review of the scientific literature from 2013 to 2023 showed that for several farmed species, welfare assessment protocols have been developed and welfare assessments, either using a full assessment protocol or a selection of indicators, were applied on commercial farms. Although Welfare Quality and AWIN protocols were most often applied, there are many other welfare assessment methods used in scientific studies. The wide range of indicators applied, especially under the health domain, hampers comparison of quantitative data and calls for harmonization in data collection. The multidimensional aspect of animal welfare has been addressed for each species, although the behavior and mental state domains require effort in development of valid animal-based indicators that can be applied in practice. Similarly, the nutrition and environment domains often lack animal-based indicators and require further development. New protocols for less commonly farmed species requires further attention, such as poultry species including ducks, geese, quails, and certain sub-categories such as broiler breeders or day-old chicks, fish (particularly species that were not present in the literature), aquatic invertebrates, and insects. The present review shows that welfare assessments are diverse. In future studies, attention should be given to define and apply a standardized set of welfare indicators per species. The latter is needed to enable comparison of data across countries and initiatives, which is the basis of improvement of farm animal welfare by, e.g., enabling benchmarking of farms and production systems.
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The increasing use of artificial intelligence (AI) in livestock farming is accelerating the development of automated welfare assessment tools, particularly with advancement in generative AI such as large multimodal models (LMMs). Yet, animal welfare scientists have rarely been involved in the development process of these tools or their subsequent adaptation within the field. Here, we discuss possible roles for animal welfare scientists in the development and validation of AI-based welfare assessment tools. We first examine key uncertainties that emerge during development, including the selection of relevant, valid and reliable welfare indicators and gold standards, hardware and software solutions for data collection, methods for integrating multiple welfare indicators, and the real-world impact of automated welfare assessment tools. Second, we demonstrate the use of LMMs to assess welfare based on a case study using dairy cow cleanliness. Finally, we consider the practical implementation of AI-based welfare assessment and discuss potential tensions around (1) embedded values in LMMs, (2) AI’s influence on decision-making on farms, (3) the integration of AI in current knowledge systems by human-AI collaboration, and (4) the economics of AI-based welfare assessment and improvement. We conclude that LMMs could help automate welfare assessment and communicate results to humans in accessible formats, but outcomes depend on which stakeholders are involved in the development process. We advocate for developing AI-based welfare assessment tools through the One Welfare framework, recognizing that AI deployment affects humans, animals, and the environment simultaneously, and suggest potential pathways for animal welfare scientists to engage in the process.
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Introduction

Growing societal concerns about animal welfare (1), coupled with increased farm automation, have accelerated the development of automated welfare assessment tools (2). Previous attempts mostly used precision livestock farming (PLF) to continuously monitor and optimize environmental conditions, production, and health (3). However, PLF development often lacks rigorous validation by independent third parties, particularly across diverse contexts and environmental conditions (4, 5). While previous work emphasizes the potential benefits PLF could bring to animal welfare in theory (3), applications often fail to address the inherent complexity of welfare as a multidimensional concept that probably could not be adequately captured by a single technological solution (6). The threats of PLF for animal welfare are rarely discussed, such as inaccurate predictions stemming from poor reliability (4), reduced human-animal interactions (7, 8), or increased intensification focusing on productivity without considering welfare needs (9).

Artificial intelligence (AI), particularly computer vision, has gained significant momentum in livestock farming applications (10), including detecting diseases or monitoring animal activity patterns. Recently, the emergence of general-purpose generative AI tools, including large multimodal models (LMMs; systems trained on diverse data types such as text, images, and audio that can process and generate content across different modalities) has initiated a widespread “AI revolution” (11). A variety of foundation models pre-trained on vast amounts of unlabeled data are readily available (12). Foundation models can be adapted to diverse applications (12, 13) through fine-tuning (retraining the model on domain-specific data to optimize performance) and prompt engineering (crafting specific input instructions to guide model outputs without retraining the model itself). The development of foundation models and corresponding applications is advancing globally (e.g., USA: ChatGPT-OpenAI, Claude-Anthropic, Gemini-Google, Llama-Meta, EU: Mistral, China: DeepSeek) with the goal of creating AI agents (14) that perform tasks autonomously following human instructions. However, it is unclear if and how generative AI tools could help animal welfare.

Animal welfare science is inherently value-based (15), because farmers, scientists, and the public may hold diverse perspectives on what constitutes a good life for animals. This diversity creates challenges in establishing unanimous standards for animal welfare assessment, a problem not sparing AI-based tools. Different foundation models already vary in how they weigh animal interests (16) and evaluate animal harms (17), with some erasing the reality of intensive livestock farming (18). Developing valid, ethical, and effective AI-based welfare monitoring requires interdisciplinary collaboration (19, 20) and engagement with farmers and society (21). Scientists may underestimate uncertainties outside their expertise (22) and experience false confidence when using AI (23). Thus, without proactive involvement of welfare scientists in AI-based animal monitoring, unexamined assumptions may limit potential benefits or even cause harm to animals (24).

This paper aims to highlight potential roles for animal welfare scientists in the development of AI-based welfare assessment tools and outline how AI could be used for furthering One Welfare (improving the welfare of animals, humans, and the environment), focusing on farm animals. First, we discuss uncertainties around automated welfare monitoring. Second, we present a case study using LMMs to assess welfare indicators. Finally, we consider how generative AI could support welfare monitoring and One Welfare in practice.



Uncertainties in automated welfare assessment

Automated welfare monitoring is a multidisciplinary process, requiring expertise in animal welfare, engineering, and data science with its practical impact often depending on ethical, psychological, social, and economical factors (Figure 1). The uncertainties in this process are rarely considered systematically during the development or validation of AI-based monitoring tools. How animal welfare should be assessed depends on how it is defined (e.g., (25)). Frameworks behind current welfare assessment schemes such as the five freedoms (26), three spheres (15), five domains (27), and four principles (28) combine different aspects of animals’ life (e.g., nutrition, comfort, behavior, health, naturalness, affective states) to determine welfare. Moreover, animal welfare science has evolved beyond farm-level evaluations to individual-level (29), and emphasizes evaluating affective states (30), and need for positive experiences (31).

[image: Flowchart illustrating the process of animal welfare assessment, beginning with animal welfare definition leading to valid indicator variables, which integrate with hardware and software for data measurement and modeling, progressing to communicating welfare status, action suggestion, and action execution, with related questions guiding each step.]

FIGURE 1
 Areas (indicated by different colors) involved in the development of automated animal welfare assessment tools. Questions indicate uncertainties associated with the different components of the development process.



Uncertainty of indicators

The validity of welfare indicators may vary depending on the spatial and temporal level of analysis. For example, environmental and animal-based indicators used in the Welfare Quality protocol (WQP; e.g. cleanliness, illness signs, resource provision) can be measured in a standardized manner and have been validated to reflect farm-level welfare. However, these indicators and integration methods would need to be adapted for AI-based individual welfare assessment. It is also unclear how continuous measurements could be aggregated over time to determine animals’ quality of life (32). Current welfare assessment protocols lack validated affective state indicators. Although some sensor technology approaches have been proposed (33), these require validation (34, 35). Research still needs to identify reliable species-specific affective state indicators for on-farm use.



Uncertainty of gold standard

Gold standards (annotated datasets with correct labels) are the foundation for training AI-based systems. Some indicator variables may be compromised by poor quality gold standards due to low intra- and inter-observer reliability (36) (e.g., lameness, ear position). Lack of diversity in gold standard dataset limits the model’s generalizability across farms, especially in behavior assessment (5, 20). Establishing robust gold standards for validated indicators may require collaboration with animal welfare scientists in curating diverse datasets.



Uncertainty of hardware

Data quality varies when collecting data on different farms. Automated welfare assessment relies on sensor, video, and audio data, requiring high sensitivity to detect subtle changes in animals within complex environments. Data “noise” from unidentified factors (e.g., management changes) may overshadow welfare-relevant changes (37). Hardware must withstand harsh conditions (e.g., dirt, collisions) and reliably transmit high-resolution data or run local processing algorithms. These factors limit real-world applicability of experimental solutions (3). Standards for sensor accuracy, calibrations and data cleaning are required but lacking.



Uncertainty of software

Most current AI-based welfare monitoring tools rely on traditional task-specific machine learning approaches, requiring large amounts of training and testing data (13). In agriculture, LMM use will likely increase (38) as LMMs can perform new tasks using prompt engineering without retraining (39). However, high-quality (albeit small) datasets of welfare indicator variables remain essential. Another challenge is balancing cloud-based LMM processing (requiring large data transfers) with edge-deployed smaller models that process data locally (12). However, model distillation techniques (transferring knowledge from larger to compact models) offer promising solutions (40).



Uncertainty of integration

Although broad consensus exists on which indicators are essential for comprehensive welfare assessment, how to weigh them appropriately (i.e., valence, severity, duration of conditions) remains unresolved (41–43). Furthermore, each indicator carries measurement errors and uncertainties that accumulate when combined. Although attempts exist to establish cumulative welfare assessment frameworks (e.g., Welfare Footprint Project; (44)), differing ethical views among stakeholders may lead to varying opinions about the most important welfare indicators (15). Determining the cumulative impact of single indicators over time may be easier than aggregating different indicators into one measure.



Uncertainty of application

The availability of reliable AI-based welfare monitoring does not guarantee system use. Without clear benefits for farmers, uptake may be limited without regulatory requirement or other incentives. Even if these tools are used, improved animal welfare is not guaranteed due to potential “rebound effects” when owners rely excessively on AI-based monitoring and reduce personal observation (45). Human action is still required for corrective actions, and whether this happens may be influenced by how the welfare status is understood and the types of actions required (46) Establishing thresholds that trigger an alarm for action may prove challenging (47), and systems may overlook concerns to reduce alarms to manageable levels. Human factors are key in improving animal welfare (48), emphasizing the need for user-centered design accounting for farmers’ motivations, values, skills, and knowledge.




AI-based welfare monitoring – a prompt engineering case study

To demonstrate the potential application of LMMs for assessing welfare indicators through prompt engineering, we present a case study. We employed GPT-4o (OpenAI) through Application Programming Interface calls to evaluate cattle cleanliness by categorizing three body parts (hind leg, hindquarter, udder) as either clean or dirty, following the WQP. We used a system prompt instructing GPT-4o to act as an experienced animal welfare scientist with 20 years of farm audit experience. We then provided WQP instructions and implemented few-shot prompting by showing the model two dirty and two clean example images for each body part. Our test dataset comprised eight images per body part (four dirty, four clean) from auditor training materials, with labels by 2 experts (Tierwohltraining, BOKU University, Vienna). We also compared four pre-processing methods: (1) original image (control), (2) bounding box around the body part of interest, (3) segmented image with background removed, (4) segmented image showing only the body part of interest. To account for the probabilistic nature of generative AI, each image was assessed 10 times, with the model explaining its reasoning (Figure 2). Results showed that using segmented images of specific body parts yielded the best performance, with moderate accuracy (hind leg: 0.71, hindquarter: 0.62, udder: 0.52). However, precision was lower (hind leg: 0.63, hindquarter: 0.57, udder: 0.52) and recall of “dirty” images was almost perfect (hind leg: 1, hindquarter: 1, udder: 0.75).

[image: Comparison graphic showing a process for evaluating dirt accumulation on cows’ hind legs. Rows show training and test images, columns display original, boxed, segmented, and isolated leg images, with corresponding text responses rating legs as dirty or clean based on visible dirt or cleanliness.]

FIGURE 2
 Using GPT-4o to assess cleanliness according to the Welfare Quality protocol for cattle. Columns show image pre-processing approaches. Rows show an example of training and testing images and generated reasoning responses in bubbles (orange false, green correct). The proportion of the given response out of 10 runs is shown at the bottom.


For the image material used, we achieved a Kappa of 0.5 for segmented hind legs, representing an acceptable level of agreement for human observers. However, the model was biased toward labeling images as “dirty” and removing the background (often containing dirt) brought little improvement. This likely stems from LMMs’ difficulties with spatial reasoning (49) and subsequent challenges in identifying specific body parts for assessment. Focusing the model’s attention using segmentation improved performance. In addition, brown coat pattern and overlapping body parts (e.g., tail over hind leg in Figure 2) may also have biased the model toward classifying images as dirty. We examined only one welfare indicator using a limited image set with varying quality and non-standardized viewing angles; addressing these limitations could potentially enhance performance. However, LMMs sometimes struggle with tasks that humans find trivial (e.g., reading clocks (50)). How well this approach generalizes to other WQP indicators could be further investigated along with a comparison between different LMMs.

LMMs could help scaling up existing protocols, creating new ones (e.g., assessing affective states by decoding vocal and visual signals), and communicating results to humans in a relatable way. However, as our results with cleanliness as one of the “simplest” indicators in WQP demonstrate, current LMMs still require fine-tuning for acceptable accuracy. This could be achieved by providing domain-specific data to open-source LMMs or by utilizing Retrieval Augmented Generation (RAG, see (13) for an example) to provide context-specific materials during prompting.



Discussion


AI for welfare assessment

Due to the outlined uncertainties during development, outcomes from AI-based welfare assessment depend critically on which stakeholders drive the process. On one hand, if development is driven mainly by entities with purely commercial interests, it risks (1) scaling unvalidated metrics that lack animal welfare relevance, (2) further intensification for profit with lower or stagnating welfare standards, (3) not using AI’s potential to improve animal welfare beyond productivity improvements, and (4) restricting farmer and public authority access to data due to proprietary algorithms. On the other hand, if development is driven mainly by entities with unilateral interests in animal protection, it risks (1) scaling up novel assessment methods (e.g., affective states) without sufficient validation, (2) creating solutions disconnected from practical farming realities, leading to frustration and disinterest among farmers, (3) resulting in high-price niche-products, and (4) limiting innovation from commercial companies. The involvement of animal welfare scientists in the tool development and AI regulation process could mitigate some of these risks (e.g., validity concerns) but pathways for engagement are often lacking.



AI for One Welfare

It has long been recognized that the welfare of animals is interconnected with the wellbeing of humans and the environment (24, 51). We argue that AI-based welfare assessment tools should be developed with a One Welfare mindset, a holistic approach reflecting that the spread of AI simultaneously impacts human and animal lives and the environment.


Who tells AI what is right and wrong?

As AI-tools become prevalent, the messages applications convey to users (or the actions AI agents may take) can have a profound impact. ChatGPT can influence users’ moral judgments, despite their awareness of interacting with a chatbot (52), indicating the potential for biased decisions in the context of livestock farming when users engage with AI systems. This highlights not only the need for user education, but also the importance of AI alignment (ensuring that AI reflects and upholds essential values). However, values in society around the use of animals are not homogenous and animal interests are currently not explicitly considered in AI alignment (53). Current LMMs are not autonomous moral agents but their training data and guidelines influence moral judgments. AI-based welfare assessment tools may implicitly or explicitly follow certain ethical guiding principles (e.g., anthropocentric, pathocentric, biocentric, utilitarian (54, 55)). Livestock farming is tied to complex ethical considerations which may vary based on regions and farming systems. Thus, AI-based welfare assessment needs to be transparent about ethical principles in the model and may require a “practical” ethical approach (56), which is bottom-up (i.e., based on real-life observations) rather than top-down (i.e., based on specific theories). Such an approach may help conscientious people, organizations, and policy makers address nuanced, real-life problems that balance animal welfare, rural poverty, environmental sustainability, and food availability (56–58).



Who decides what to do?

Technology use and human-animal contact vary across farming systems but currently practical improvements to farm animal lives depend on human decisions. However, some barns may be managed without human presence in the future, a kind of “better wilderness” (59) where animals are cared for and looked after by AI. While humans hold responsibility in current farming systems, they are increasingly supported by data. Nevertheless, rapid digital technology adoption, e.g., in the dairy industry (60), has left many farmers struggling to interpret complex data. LMMs could address this challenge by providing simple explanations of technical information and personalized suggestions for improvement. Decisions impacting animal welfare happen at multiple levels and “decision makers” are a diverse group including farm workers, farm owners, veterinarians, company representatives, and private consumers whose decisions may include making tradeoffs between their own interests, animal welfare, and environmental impact (61). Complex psycho-social processes are also involved in decision-making, which may modulate the interaction between AI tools and the human end user, ultimately leading to variable welfare outcomes (62). Sustainable solutions will require ethical AI frameworks and regulations, clarity about accountability (63), data privacy, and a tailored communication approach recognizing diverse cultural and personal values while mitigating bias without propagating unrealistic outcomes (18).



Where does AI fit in current systems?

Decisions on farms are results of knowledge systems based on farmer experience and formal training, and that often include advisors (e.g., veterinarian, nutritionist, accountant; (64)). Completely outsourcing welfare assessment to AI is unlikely to be beneficial as diversity in “ways of knowing” strengthens decision-making processes (65). However, integrating LMMs to decision-making systems as an “artificial way of knowing” (i.e., a perspective based on high-resolution longitudinal datasets beyond the scale of human comprehension), and using AI as a “copilot” for farmers could bring enormous benefits (see (66) for a human medicine example). Examples for using AI as agricultural advisor already exist (67) and these approaches could be further developed and integrated with “human-in-the-loop” solutions (68) and farm-specific data to provide region- and context-specific advice in multiple languages, independent of literacy.



Who will pay for it?

Willingness to financially support a good life (69) for farm animals varies greatly among individuals and societies. Replacing livestock farming with alternative proteins is still in its infancy (70) and may not always be culturally accepted or possible. Establishing high-welfare farming systems while ensuring food security across different cultures and income levels is challenging as the willingness or capability of farmers to improve animal welfare may be limited. Improving welfare standards only with price increases had limited success due to the “consumer-citizen gap” (discrepancies between consumer behavior and attitudes, (71)) and the lack of a sizable uptake that would financially support transformative change (72). Realizing animal welfare standards that are aligned with societal values could be financed centrally (73), similarly to other subsidies to animal agriculture. However, this would require strong political will and meaningful ways to translate animal welfare measures to policy, an area requiring further involvement from animal welfare scientists (74). AI-based welfare assessment may also involve social (e.g., job displacement) and environmental costs (e.g., energy usage, rare-earth mining for computer chips) that should be considered through a One Welfare approach. For both data privacy and reduced energy consumption, deploying small-sized LMMs locally on edge devices would be ideal moving forward.



What could animal welfare scientists do?

Many tools are already marketed for automated welfare assessment without external validation (4, 5) and development in AI applications is quicker than what many animal welfare scientists and legislators are used to. Here we suggest some actions for animal welfare scientists to contribute to the development of reliable AI-based welfare assessment tools: (1) Delivering accessible communication materials for non-experts to understand the strengths and limitations of welfare indicator variables (e.g., level of evidence and confidence for a variable in a species), (2) Establishing rigorous quality standards for sensor data and indicator variables (75), (3) Supporting the creation of certification schemes for commercial AI-based welfare assessment tools, (4) Advocating for the systematic consideration of uncertainties during the welfare assessment tool development and validation process, (5) Publishing high-quality, annotated, and open-sourced indicator variable datasets along with detailed descriptions (e.g., ethograms, relationship between indicator and welfare) to be used as gold standards and for synthetic data generation (76), (6) Consulting and publishing position papers on incorporating animal welfare into AI development and regulation (e.g., EU AI Code of Practice (77)).





Conclusion

AI-based welfare assessment tools may bring individualized welfare assessment, which could help providing a good life for farm animals under human care. However, critical uncertainties persist regarding the validity of measurements, methodological approaches, and how end-users interpret and implement the resulting information to improve animal lives. Thus, it is time for animal welfare scientists to get involved in the development and validation of AI-based tools for welfare assessment and improvement in the spirit of One Welfare. This will ensure systems that respect animals along with the wellbeing of farmers, consideration of consumers, and environmental impact.
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Early separation (ES) of cow and calf in dairy farming is increasingly questioned due to implications on animal welfare. The aim of this study was to compare the welfare of animals on commercial dairy farms with cow-calf contact (CCC) or ES using a comprehensive welfare assessment protocol. We hypothesized that the welfare of calves and heifers on CCC farms is better than the welfare of those on ES farms. Fifty Austrian dairy farms, 25 practicing CCC and 25 ES, were visited. The Welfare Quality® (WQ) Protocol for dairy calves and heifers was used to assess animal welfare. The two rearing systems were compared using a t-test for qualitative behavior assessment (QBA) scores, a Mann–Whitney U Test for quantitative behavioral indicators, prevalences of clinical scoring, management parameters, and Criterion and Principle scores, and a Fisher Exact Test for dichotomous variables (occurrence yes/no) and overall classification. CCC calves and heifers scored higher in QBA (calves: p < 0.001, heifers: p = 0.022). CCC calves showed a lower frequency of non-nutritive oral behaviors (p = 0.038). Both CCC calves and heifers had more space (calves and heifers: p < 0.001), were less often disbudded (calves: p = 0.002, heifers: p = 0.003) and had more access to pasture (p < 0.001). Fewer CCC farms had calves with lesions (p = 0.049) and heifers with overgrown claws (p = 0.017). Accordingly, rearing systems differed in Criterion and Principle scores. Both CCC calves (p = 0.011) and heifers (p = 0.043) scored higher in “Appropriate Behavior” and calves scored higher in “Good feeding” (p = 0.047) and “Good housing” (p = 0.001). CCC farms had a better WQ classification than ES farms for calves (p = 0.023), and 20% or 26% of CCC farms reached “excellent” for calves or heifers compared to 0 or 12%, respectively. The better welfare of CCC animals may be related to contact to cow(s) but also to other management practices that emphasize animals’ physical and behavioral needs more. Holistic practices prioritizing animal welfare including CCC systems should be considered in the transition toward more sustainable farming.
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1 Introduction

Cattle are highly social animals with complex social, emotional and cognitive characteristics (1). Although it opposes their natural behavior of establishing strong mother-filial bonds, cows and calves are routinely separated shortly after birth (2, 3). Besides evidence of public concern for early separation (ES) of cow and calf (4), also scientists have been calling for a change in the dairy production system [(e.g., 5)] due to various harmful effects of ES on both cow and calf and benefits of keeping them together for a prolonged time [reviewed in Johnsen et al. (6), Beaver et al. (7), Meagher et al. (8)]. For example, calves reared without contact to their dam frequently show abnormal oral behavior like cross-sucking or object licking (9, 10) that can become chronic (11), whereas in cow-calf contact (CCC) systems, such behavior is absent or strongly reduced (2, 12, 13). In calves reared with contact to their dam, growth rates during the suckling period are higher compared to artificially reared calves (13, 14). Calves grow better when kept with their dam the days after birth even if suckling is prevented (15), which suggests beneficial effects of dam-rearing beyond nutritional effects, potentially mediated by beneficial effects of higher oxytocin levels (16, 17) and lower plasma cortisol concentrations (18). Moreover, CCC calves played more than ES calves (19), indicative of a more positive emotional state (20). Also beneficial effects of CCC on cow and calf health have been observed [(e.g., 12, 21)], although some studies found contradictory effects [(22); reviewed in Beaver et al. (6)]. Moreover, CCC animals develop increased social competence and sociality as calves and as heifers (23–26). In terms of the animal-human relationship (AHR), CCC calves may be at higher risk of developing a poorer AHR, as no regular contact with humans during feeding is necessary, but results of experimental studies comparing ES and CCC are contradictory (27–29).

Even if CCC systems seem to have mainly positive effects on animal welfare compared to ES, data on welfare implications, especially under commercial conditions, is still limited (2). Moreover, despite some evidence on better growing and performance rates of heifers in an experimental setting (30), the welfare of heifers on CCC farms compared to ES has not yet been studied comprehensively. Besides the effects of CCC per se, CCC farms may also differ from ES farms in other management practices affecting animal welfare, such as performing disbudding or provision of pasture access, because allowing their animals to perform more natural, species-specific behavior is an important value for CCC farmers (31, 32).

Assessing animal welfare is complex and requires comprehensive approaches, considering mainly animal-based indicators covering the different welfare dimensions and the whole range of the welfare continuum from poorest to best (33–35). To create an internationally standardized, open-access tool based on scientific evidence that meets the above-mentioned needs as well as considering the public demand for sufficient protection of farmed animals (36) and the importance of animal welfare in the context of sustainability (37, 38), European scientists developed the Welfare Quality® Protocol (39, 40). The WQP is an established tool that has been used repeatedly for dairy cows [(e.g., 41)] and fattening bulls (42) to assess animal welfare based on multiple measures that can be integrated to Criterion and Principle scores and an overall classification of the farm. However, to our knowledge, there has not yet been a study using the WQP for dairy calves and heifers (43), nor has the WQP been used to assess the welfare of animals in CCC systems on-farm.

Thus, we aimed to investigate possible differences in the welfare of calves and heifers on CCC farms as an innovative system compared to ES farms as a reference system in a comprehensive approach using WQP. The data was collected as part of the project “COwLEARNING for sustainable beef and dairy supply” that, i.a., aims for a comprehensive farm-to-fork sustainability assessment using the present data for an integration of animal welfare as one dimension of sustainability (44, 45).

We hypothesized that animals on CCC farms would experience better welfare in terms of (i) a more positive affective state, reflected in higher scores for Qualitative Behavior Assessment (QBA) and more play behavior, (ii) lower occurrence of abnormal oral behaviors, (iii) better health, and (iv) beneficial effects of improved management, i.e., less disbudding and more access to pasture. No effects of rearing system on the avoidance distance of the animals were expected. Considering this, we hypothesized that overall welfare would be better in animals on CCC farms, reflected in higher WQP scores and better WQP classification for those farms. As we expected calves to be more vulnerable to the absence of contact to a cow, greater differences in the welfare of calves between CCC and ES farms than in heifers were expected.



2 Animals, material and methods


2.1 Farms and study design

We compared two cohorts of, in total, 50 dairy farms across Austria, 25 farms practicing CCC and 25 ES. A convenience sample of CCC farms was selected based on herd size (it was aimed at 15–60 cows) and distribution across federal states and geographical regions. Farms with ES were selected accordingly to optimally balance herd size and region between the two rearing systems. The farm selection criteria included that cows were housed in a loose-housing system, i.e., housed not in tie-stalls, but in deep litter, compost or free stall barns, and that the conditions on the farm (e.g., calf rearing system and type of barn) needed to be in place for at least 2 years to (i) avoid to detect aspects related to changing the system and not the system per se and (ii) have one full financial year available for economic calculations in the framework of the farm-to-fork sustainability assessment (not part of this paper).

Farmers were recruited by contacting them personally from mailing lists from former projects asking for participation, as well as by sharing information about the project via local and national farmers’ associations through flyers and/or personal communication to which farmers interested in participation contacted the researchers. Farmers received feedback including anonymous benchmark results after the visits.

A farm was defined as practicing CCC when calves were allowed to suckle their dam or a foster cow for at least 12 weeks. However, to reach the desired sample size, two farms where cow and calf were separated at 4 weeks or between 3 and 8 weeks after birth, respectively, were included as CCC farm. Farms with dam-calf-contact, foster cow and mixed rearing were included as well as farms with different durations of daily contact [i.e., CCC twice a day, half a day or whole-day; see (46), for terminology]. Farms were defined as ES when cow and calf were permanently separated at maximum 24 h after birth.



2.2 Data collection

Animal welfare was assessed using the WQP for dairy calves and heifers (43). Cow welfare was also assessed using the WQP for dairy cows (47), however the results will be presented in a different paper (Schneider et al. in preparation). The WQP is based on the 4 principles “Good feeding,” “Good housing,” “Good health” and “Appropriate Behavior.” These principles comprise 12 criteria, each based on one to several measures (Table 1). Data were recorded on paper except for clinical parameters that were entered digitally on a tablet using Microsoft Lists version 2,309 (48).


TABLE 1 On-farm measures and their assignment to criteria and principles according to the WQP for dairy calves and heifers (43).


	Principle
	Criterion
	Measure

 

 	Good feeding 	Absence of prolonged hunger 	% of thin animals


 	 	Absence of prolonged thirst 	Number, functioning and cleanliness of drinkers


 	Good housing 	Comfort around resting 	% of dirty animals


 	 	 	Mean duration of lying down
1



 	 	Ease of movement 	Available space per animal, access to exercise yard


 	Good health 	Absence of injuries 	% animals with hairless patches and/or lesions and/or swellings


 	 	 	% animals with overgrown claws1


 	 	 	% lame animals


 	 	Absence of disease 	Number of coughs/animal/15 min


 	 	 	Number of sneezing/animal/15 min


 	 	 	Hampered respiration


 	 	 	% animals with nasal discharge


 	 	 	% animals with ocular discharge


 	 	 	% animals with diarrhea


 	 	 	% animals with umbilic infection2


 	 	 	% animals with bloated rumen


 	 	 	% animals with ear infection


 	 	 	% mortality in the last 12 months


 	 	Absence of pain induced by management procedures 	% animals disbudded/dehorned including use of anesthetics and/or analgesics


 	 	 	% of animals tail-docked including use of anesthetics and/or analgesics


 	Appropriate behavior 	Expression of social behaviors 	Agonistic interactions (headbutt, displacement, fighting, chasing, chasing up)/animal/h


 	 	 	Social affiliative behavior (social licking, horning)/animal/h


 	 	Absence of abnormal behavior 	Non-nutritive oral behaviors (tongue rolling, object licking, inter-sucking and urine drinking)/animal/h


 	 	Good human-animal relationship 	Avoidance distance test


 	 	Other behaviors 	Days with > 6 h access to pasture


 	 	Positive emotional state 	Play bouts/animal/h


 	 	 	Qualitative behavior assessment





Measures and criteria written in italics were recorded and analyzed, but not included in calculations for WQ Scores. 1This measure is not observed in calves. 2This measure is not observed in heifers.
 

Farm visits took place from February till April 2023 and from October 2023 till April 2024. Farms were only visited outside of pasture season to minimize seasonal effects and have comparable conditions between farms with and without pasture access. Although only visited during winter, the possibility for access to pasture in the summer is considered in the calculation of WQ scores for appropriate behavior.

Each farm was visited for 1 day. Assessments always started directly after morning feeding with assessing AD, followed by QBA, quantitative behavioral observations and clinical scorings (43). The time of assessment of management conditions varied, however, it was always carried out after behavioral observations to avoid variations in behavior due to time of day. Calves were defined, according to EU Council Directive 2008/119/EC, as cattle up to 6 months. Heifers were all female cattle > 6 months until first calving (43).


2.2.1 Behavior


2.2.1.1 Avoidance distance (AD)

Avoidance distance (50, 51) was aimed to be tested at the feeding place. To conduct the test, the animal needed to have its head completely outside the feeding rack. The experimenter placed herself at a distance of at least 2 m in front of the animal. After ensuring that the animal noticed the presence of the experimenter, the latter slowly approached the animal with a pace of one step per second with her arm held outstretched toward the animal in an angle of approximately 45° in front of the body. The experimenter walked toward the animal until signs of withdrawal (i.e., the animal moves backwards, turns the head to the side or pulls it back to exit the feeding rack) or until touching of the nose or muzzle. In the case of withdrawal, the AD is the estimated distance between hand and muzzle at the moment of withdrawal in 10 cm resolution. If the animal could be touched, the AD was noted down as 0. If the animals were single-housed, the limited ability to withdraw due to restricted space was noted down. When it was not possible to conduct the AD tests at the feeding place, e.g., due to calves being housed without a feeding rack, AD was tested in the barn. Every animal was tested once.



2.2.1.2 Qualitative behavior assessment

Duration of QBA observation was 15 min for calves and heifers each. Observations were always carried out from outside the pen. The expression of 20 pre-defined adjectives, including, e.g., active, relaxed, tense, enjoying, happy, and distressed, in relation to the observed group was scored on a 125 mm scale (0 = not present at all, 125 = highest imaginable expression). The values were then turned into an index using a weighted sum with weights for each term and calculation instructions specified in the WQP [for details see 2.4 and Welfare Quality® Network (52)].



2.2.1.3 Quantitative behavior observations

Behavior was observed quantitatively for 60 min for calves and heifers each. Duration was equally split between calves aged 0–2 and 3–6 months and heifers aged 7–12 and > 12 months, i.e., the behavior of each age category was observed for 30 min, leading to a total observation time of 120 min across the four groups (43). Behavior was observed continuously. The maximum group size that was observed at the same time was 20 animals, and observations were always carried out from outside the pen. If the group was bigger or there were several groups within an age category, more than one observation point was defined, and the total observation time was split among the observation points for each category. The assessors only started the observation a few minutes after taking the position at the observation point to minimize influences on the animals’ behavior resulting from their presence. At the beginning of each observation, the number of animals lying, feeding/drinking and standing was noted down. The ethogram can be found in Table 2.


TABLE 2 Ethogram of the WQP for dairy calves and heifers (43).


	Behavior
	Definition

 

 	Tongue rolling 	An animal repeatedly twisting, twirling, and/or swinging the tongue inside or outside the open mouth, or stretching the tongue for longer than 5 s, sometimes with neck and head stretched somewhat upwards. New bout counted after a pause of ≥ 10 s


 	Object licking 	An animal chewing or licking any non-edible equipment. New bout counted after a pause of ≥ 10 s


 	Cross-sucking 	The actor pulling on teat, udder, ear, tail, or skin of a group mate with the muscles of her/his cheeks and tongue for longer than 5 s. New bout counted after a pause of ≥ 10 s or if receiver changed


 	Urine drinking 	An animal drinking the urine or sucking the prepuce of another animal


 	Head butt 	Interaction involving physical contact: the actor is butting, hitting, thrusting, striking or pushing the receiver with forehead, horns or horn base with a forceful movement; the receiver does not give up its present position


 	Displacement 	Interaction involving physical contact: the actor is butting, hitting, thrusting, striking or pushing the receiver with forehead, horns, horn base or any other part of the body with a forceful movement. As a result, the receiver gives up its position. Includes an animal shoving itself between two others or between an animal and barn equipment


 	Chasing 	Actor making another animal flee by following fast or running behind it (only recorded if it follows an interaction with physical contact)


 	Fighting 	Two contestants vigorously pushing their heads (foreheads, horn bases and/or horns) against each other while stemming their feet into the ground in sawbuck position and both exerting force against each other


 	Chasing-up 	The actor uses forceful physical contact (e.g., butting, pushing, shoving) against a lying animal which makes the receiver rise


 	Social Licking 	The actor touches with its tongue any part of the body (head, neck, torso, legs, tail) of another group mate except for the anal region or the prepuce. New bout counted after a pause of ≥ 10 s or if receiver changed


 	Horning 	Animals rubbing their foreheads, horn bases or horns against head or neck of one another without obvious agonistic intention. None of the animals takes advantage to become a victor. New bout counted after a pause ≥ 10 s or if partner changed


 	Locomotor play 	The animal runs and/or comes with 2 or more legs off the ground (run/jump behavior), but no mounting


 	Mounting 	An animal lifting itself up on its hind legs and jumps with its forelegs onto another group mate either from behind, the side or front


 	Falling 	An animal accidentally losing balance, its body quickly moves toward the ground and touches it with udder, sternum, carpal joint, knee or with the whole side or abdomen


 	Sneezing 	Convulsive expulsion of air from the nose


 	Coughing 	Sudden and noisy expulsion of air from the lungs through the mouth


 	Duration of lying down 	Time recording starts when one carpal joint of the animal is bent and lowered (before touching the ground) and ends when the hind quarter of the animal has fallen down and the animal has pulled the front leg out from underneath the body




 




2.2.2 Physical parameters

Evaluation of physical parameters was carried out for every animal. For each animal, one side of the body as well as the opposite hind leg was randomly chosen for examination. Both sides were approximately equally represented among each herd. Definitions for each parameter can be found in Table 3.


TABLE 3 Definitions of measurements of physical indicators according to the WQP for dairy calves and heifers (43).


	Indicator
	Definition

 

 	Body Condition Score 	“Too lean” when the body mass of at least three of the regions tail head, loin, vertebrae or “general” (i.e., tail head, hip bones, spine and ribs) was visibly reduced


 	Lameness 	Reluctance to bear weight on one limb or a reluctance to walk


 	Cleanliness 	“Dirty” when at least 25% of the observed side of the animal was covered with plaques or if more than 50% of the area was dirty


 	Hairless patches 	Area with hair loss or extensively thinned hair as a response to parasites, skin not damaged, hyperkeratosis possible; minimum diameter of 2 cm at the largest extent


 	Lesions/Swellings 	Area with damaged skin either in form of a scab or a wound, dermatitis due to ectoparasites as well as overt swelling of a minimum diameter of 2 cm at the largest extent, except for swelling of navel/umbilicus


 	Overgrown claws 	When two of the criteria of a normal claw (plane surface, claw not bended, same length of both claws of the same leg, no or little space between claws, contact to surface of the whole claw, angle to ground near 50°) were not fulfilled in at least one claw


 	Nasal discharge 	Clearly visible flow/ discharge from the nostrils; transparent to opaque (white/yellow/green), often of thick consistency


 	Hampered respiration 	Abnormal breathing, i.e., severe increase of frequency (speed) and intensity (depth)


 	Ocular discharge 	Mucus traces (opaque or abundant transparent secretion or dry accumulation) at the eyes


 	Ear infection 	Animal shows hanging ear or leaning head


 	Bloated rumen 	Belly severely rounded either on the top, below or both


 	Diarrhea 	Accumulation of manure (wet or dry) around tail head


 	Umbilic infection 	Severe swelling of the navel




 

For hairless patches, lesions, and swellings, the number of alterations per animal was recorded. In case of more than 20 alterations per category or if the total area affected was at least as large as the area of a hand, the maximum number, i.e., “21,” was noted. The other physical indicators were rated for their presence (0 = not present, 2 = present). The farmer was asked about the number of calves that were born and had died or were euthanized in the year before the farm visit to calculate the mortality rate.



2.2.3 Resource and management-based measures

The number (absolute and per animal), functioning and cleanliness of drinkers and material and condition of bedding were assessed for each pen. Available space (m2) was measured using a laser distance measuring device. The farmer was interviewed regarding the number of days and hours per day the animals had access to pasture, and management practices such as tail docking, disbudding/dehorning including the use of anesthetics and analgesics, and frequency of feeding and cleaning.



2.2.4 Observers and training

Observations for calves and heifers were carried out by three assessors (assessor 1: 10 farms = 20%, 5 CCC and 5 ES farms; assessor 2: 38 farms = 76%, 18 CCC and 20 ES farms; assessor 3: 2 farms = 4%, both CCC farms). The assessors were trained by a delegate of the Welfare Quality® (WQ) network for 2 days and conducted additional on-farm visits for training purposes prior to the farm visits. Assessment of AD in different locations (at the feeding place, in the barn) was trained additionally by an expert in this field.




2.3 Calculation of welfare quality scores

Welfare Quality® Protocols for most animal categories include calculations for the integration of the measures to Criterion and for Criterion to Principle scores. Each score can range from 0 to 100, with 0 being the worst and 100 the best possible welfare. Based on the Principle scores, each farm can be assigned to one of the 4 categories “not classified,” “acceptable,” “enhanced or “excellent” [see Table 1 for assignment of measures to Criteria and Principles; see Welfare Quality® Network (52), for a full description].

The WQP for dairy calves and heifers so far does not include calculations for WQ scores. As developing specific calculations requires capacities that could not be provided within the scope of this project, it was agreed after discussions with members of the WQ Network to use the calculations from the protocol for fattening bulls (52) as most of the indicators proposed in the WQP for dairy calves and heifers are also used in the one for fattening bulls. The data collected on-farm was transferred to excel sheets that were also used to calculate Criterion and Principle scores and the overall classification according to the formulae provided in the WQP for fattening bulls, with some modifications described as follows.

The calculation of the score for the Criterion “Comfort around resting” was modified for both calves and heifers as the measure “Duration of lying down” is not considered a valid indicator according to the WQP for calves (43), and data for this measure was only available for 23 out of 44 farms for heifers. After a discussion with a delegate of the WQ network, it was agreed to replace the partial score for “Duration of lying down” with the following values based on evidence of cattle’s preference for and signs of discomfort or injuries on different lying surfaces [(53–55); reviewed in Tucker et al. (56)]: 0 if animals were lying on concrete (e.g., fully slatted floors), 30 for hard rubber mats, 40 for a completely wet lying surface, 50 for softer cow mattresses, 60 for insufficient straw bedding (e.g., partly dirty) and 100 for sufficient straw bedding. The calculation of the partial score “% of dirty animals” and the weighing of the two scores with a Choquet integral to the Criterion score as described in the WQP for fattening bulls were not changed. For single-housed calves, access to one clean water point was considered sufficient to score 100 for the Criterion “Absence of prolonged thirst,” as opposed to the requirement of at least 2 drinkers available for a group-housed animal.

According to the WQP for fattening bulls, the score for the Criterion “Ease of movement” is determined by the measure “space allowance” [m2/700 kg]. This needed to be adapted for calves, as any calf housed under conditions of the minimum of the Austrian Animal Welfare Law would have exceeded the highest score because of their low body weight. After a discussion with a member of the WQ network, it was agreed to keep the general structure of the spline function that is used in the WQP for fattening bulls but to adapt the limit values. It was decided to set the maximum (i.e., Score 100) space allowance to 6 m2, as that equals around 3 times the Austrian legal minimum requirements, (i.e., 1.8 m2 for calves < 220 kg), a similar proportion as in the WQP for fattening bulls (legal minimum: 3 m2/animal > 650 kg, maximum WQP: 9 m2/700 kg) and allowing calves at least some forms of locomotor play (2). The minimum (i.e., Score 0) space allowance was set to 0.5 m2 for calves aged 0–2 months and 0.7 m2 for calves aged 3–6 months so that 20 points, i.e., the threshold to classify as “acceptable” that is considered as minimal requirement, were achieved if the Austrian national legal minimum standards were met [1.6 m2/animal for calves < 150 kg, 1.8 m2/animal for calves < 220 kg, (57)].

The following measures were not included in the calculation of WQ scores as they are not observed in fattening bulls and, therefore, not included in the formulae: tongue rolling, object licking, cross-sucking, urine drinking, play, mounting, falling, sneezing, and umbilical infection. Still, these parameters were analyzed for differences between CCC and ES farms on measure level.



2.4 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics Version 29.0.2.0 (58). All the measures except for AD were analyzed on farm level. Behaviors were grouped into agonistic (headbutt, displacement, fighting, chasing, chasing up), non-nutritive oral behaviors (tongue rolling, object licking, cross-sucking, urine drinking), cohesive (horning, social licking), play (mounting, locomotor play) and health related (coughing, sneezing, falling). For physical measures with high non-occurrence, i.e., a prevalence = 0 at ≥ 30 farms, the variable was dichotomized, i.e., the occurrence of the measure on the farm (yes/no) was compared between CCC and ES farms. This was the case for lean animals (occurrence on 5 farms for calves, 9 farms for heifers), dirtiness (8/20), lesions (7/15), swellings (3/11), nasal (12/12) and ocular (5/5) discharge and lameness (1/2) in calves and heifers and for diarrhea (9) in heifers (Table 4). All the visited farms were included in each analysis, i.e., for calves: CCC: n = 25, ES = n = 25; for heifers: CCC: n = 19, ES: n = 25.


TABLE 4 Results for physical and resource/management measures.


	
	CCC Calves
 n = 25 farms
	ES Calves
 n = 25 farms
	
	CCC Heifers
 n = 19 farms
	ES Heifers
 n = 25 farms
	

 

 	Physical parameters

1

[%] 	median, range (no. farms with prevalence > 0) 	median, range (no. farms with prevalence > 0) 	Mann-Whitney U Test:p, z 	median, range (no. farms with prevalence > 0) 	median, range (no. farms with prevalence > 0) 	Mann-Whitney U Test:p, z


 	Hairless patches 	0, 0–71 (12) 	10, 0–63 (13) 	0.828, 0.218 	17, 0–87 (18) 	22, 0–67 (21) 	0.529, 0.629


 	Diarrhoea 	0, 0–60 (12) 	10, 0–60 (15) 	0.302, 1.031 	> 0 on 20 farms or less, therefore listed below


 	Overgrown claws 	This measure is not observed in calves 	0, 0–30 (5) 	4, 0–42 (16) 	0.031, 2.151


 	Mortality (last 12 months) 	0, 0–24 (11) 	0, 0–26 (12) 	0.627, 0.486 	> 0 on 20 farms or less, therefore listed below


 	

Physical parameters



2



[%]

 	median, range (no. farms with prevalence > 0) 	median, range (no. farms with prevalence > 0) 	Fisher Exact Test:p; OR (95% CI) 	median, range (no. farms with prevalence > 0) 	median, range (no. farms with prevalence > 0) 	Fisher Exact Test:
 p; OR (95% CI)


 	Lean animals 	0, 0–33 (2) 	0, 0–25 (3) 	1; 0.67 (0.12–3.65) 	0, 0–14 (5) 	0, 0–10 (4) 	0.467; 1.86 (0.41–8.22)


 	Dirtiness 	0, 0–50 (3) 	0, 0–33 (5) 	0.702; 0.60 (0.16–2.25) 	0, 0–75 (8) 	0, 0–84 (12) 	0.766; 0.78 (0.24–2.62)


 	Lesions 	0, 0–7 (1) 	0, 0–33 (6) 	0.049; 0.14 (0.02–1.01) 	0, 0–21 (6) 	0, 0–58 (9) 	1; 0.82 (0.23–2.91)


 	Swellings 	0, 0 (0)3 	0, 0–33 (3)3 	4 	0, 0–21 (5) 	0, 0–58 (6) 	0.759; 1.24 (0.35–4.35)


 	Nasal discharge 	0, 0–17 (7) 	0, 0–33 (5) 	0.742; 1.40 (0.51–3.82) 	0, 0–19 (6) 	0, 0–50 (6) 	0.735; 1.46 (0.39–5.55)


 	Ocular discharge 	0, 0–10 (1) 	0, 0–26 (4) 	0.349; 0.25 (0.03–2.08) 	0, 0 (0) 	0, 0–11 (5) 	0.060; –


 	Diarrhoea 	> 0 on more than 20 farms, therefore listed above 	0, 0–23 (5) 	0, 0–10 (4) 	0.467; 1.88 (0.41–8.22)


 	Hampered respiration 	0, 0–11 (1) 	0, 0 (0) 	4 	0, 0–3 (1) 	0, 0 (0) 	4


 	Lameness 	0, 0 (0) 	0, 0 (0) 	4 	0, 0–8 (1) 	0, 0–13 (1) 	4


 	Bloated rumen 	0, 0 (0) 	0, 0 (0) 	4 	0, 0 (0) 	0, 0–4 (1) 	4


 	Mortality (last 12 months) 	> 0 on more than 20 farms, therefore listed above 	0, 0 (0) 	0, 0–4 (2) 	4


 	Resource & Management 	median, range 	median, range 	Mann-Whitney U Test:p, z 	median, range 	median, range 	Mann-Whitney U Test:p, z


 	Min. space per animal5 	8.06, 1.35–21.32 	2.67, 1.17–11.39 	<0.001, 3.949 	18.3, 3.8–150 	8.8, 3.6–41.4 	<0.001, 3.234


 	No. days > 6 h on pasture 	103, 0–224 	0, 0–138 	<0.001, 3.536 	192, 150–356 	121, 0–210 	<0.001, 4.454


 	No. days > 6h on pasture (only organic) 	103, 0–224 	61, 0–138 	0.015, 2.431 	192, 150–356 	150, 89–210 	0.002, 3.040


 	Resource & Management 	No. farms 	No. farms 	Fisher Exact Test:
 p; OR (95% CI) 	No. farms 	No. farms 	Fisher Exact Test:
 p; OR (95% CI)


 	Min. 2 clean, functioning water points yes/no 	8/17 	2/23 	0.074; 5.41 (0.04–0.98) 	6/13 	5 / 20 	1; 1.26 (0.33–4.84)


 	Disbuddingyes/no 	12/13 	22/3 	0.005; 7.94 (1.88–33.50) 	8/11 	22 / 3 	0.003; 10.08 (2.22–45.71)





1 Physical parameters with prevalences > 0 on more than 20 farms. 2Physical parameters with prevalences > 0 on 20 farms or less. 3For swellings, values for calves from 2 CCC and 2 ES farms were not available. 4Due to occurrence on less than 4 farms, no statistical tests were conducted for these measures. 5For calves: m2/animal, for heifers: m2/700 kg. 6For comparison of only organic farms: CCC: n = 25 (calves) or n = 19 (heifers), ES: n = 14 (calves and heifers).

In the published article, there was an error in Table 10 as published. The descriptive and statistical values for Absence of prolonged thirst (only ES calves and CCC heifers), Comfort around resting (only calves), ease of movement (only CCC heifers), Absence of injuries (only ES calves), Absence of disease, Absence of pain induced by management (for both CCC and ES calves and heifers), Good feeding (only ES calves), Good housing (CCC and ES calves and ES heifers) and Good health (both CCC and ES calves and heifers) slightly changed. This is 1) due to the detected changes for the number of clean, functioning water points and disbudding and 2) due to slight necessary corrections for the calculation procedures for ease of movement, absence of injuries and absence of disease that were not displayed correctly in the submitted version. There is now a significant difference for the Criterion score for “Ease of movement” in heifers. However, this does not change the scientific conclusions as the underlying measure “space allowance” had shown a significant difference before and is already discussed in the published manuscript. In addition, there is now a significant difference for “Good feeding” in calves. Also here, this does not change the scientific conclusion as the significant difference in the underlying measure “Number of clean, functioning water points” has been thoroughly discussed in the submitted version. The corrected Table 10 and its caption appear below.
 

Measures as well as Criterion and Principle scores were first analyzed descriptively and checked for normal distribution using the Shapiro–Wilk Test and Q-Q-Plots. As we did not test multiple influencing factors but aimed for a comparison of the welfare of animals between CCC and ES farms, univariate tests were used, except for AD (see below for an explanation). Only QBA was normally distributed. Therefore, a t-test was used for QBA, Mann–Whitney U Tests for behaviors, prevalences of physical parameters, management parameters, Criterion and Principle scores and a Fisher Exact Test for dichotomous variables and overall classification. The α-level was set at p ≤ 0.05 for statistical significance. For measures with an occurrence on less than 4 farms, no statistical tests were conducted.

Although AD tests were planned to be conducted at the feeding rack, they needed to be conducted in the barn or from outside a single box for some calves on some farms due to varying housing conditions in calves. To assess the potential effect of test location on AD, a linear mixed model with AD of individual calves as target variable including place of AD test (single housing, group housing at feeding place or in the group housing barn) and age category (0–2 or 3–6 months) as fixed and farm as random factor was used first across all farms (n = 20 for ES and n = 20 for CCC farms as test location was not available for the other farms). Because test location had an effect, rearing system (CCC, n = 170 calves or ES, n = 233 calves) was added as a fixed factor to the model in a second round to test for a potential effect of rearing system on AD. The dependent variable was square-root transformed. Further, a model with the same fixed and random factors was calculated with the proportion of animals that accepted to be touched (AD = 0) per farm and test location as dependent variable. To compare the Criterion score “Good human-animal relationship” in calves, calculations with categories of AD were performed according to the WQP and a regression model including farm, rearing system and percentage of tests in single housing (because only single housing was a predictor for the percentage of animals with AD = 0) was calculated. Model assumptions (normal distribution and homoscedasticity of residuals) were inspected graphically.




3 Results


3.1 Farms and animals

The 50 dairy farms were distributed across 8 of the 9 Austrian federal states. Herd size on the farm ranged from 10 to 82 cows, 7 to 49 heifers and 2 to 24 calves, without a difference between rearing systems (Table 5). Cow-calf contact and ES farms differed in organic status [CCC: 100%, ES: 56%, Table 5]. Twenty CCC and 16 ES farms used dual purpose breeds for cows, mainly Fleckvieh, further Original Brown Cattle, Pinzgauer, and Grey Cattle. Two CCC and 5 ES farms had crossbreeds of milk x dual purpose (Fleckvieh x Holstein Friesian, Fleckvieh x Red Pied, Jersey mix), 2 CCC and 2 ES farms had both dual purpose and dairy breeds and 1 CCC and 2 ES farms had only dairy breeds (Holstein Friesian, Brown Swiss). Cows whose calves were to be sold for veal or beef production were sometimes crossbred with beef breeds (Limousin, Charolais, Blue-White Belgian). Table 6 shows the distribution of types of CCC across the visited farms.


TABLE 5 Number of animals of different age groups on the visited farms.


	No. animals/no. organic farms
	CCC1 mean ± SD, range
	ES mean ± SD, range

 

 	No. calves per farm 	9.3 ± 5.21, 2–23 	11.8 ± 5.83, 3–24


 	No. heifers per farm 	17.1 ± 7.96, 7–36 	20.8 ± 10.75, 4–49


 	No. cows per farm 	29.8 ± 17.91, 10–82 	35.0 ± 13.54, 14–63


 	No. organic farms 	25 	14





1On 6 CCC farms, no heifers were reared, so data only from 19 farms available.
 


TABLE 6 No. of CCC farms (n = 25) with each type and daily duration of CCC according to (46).


	Type of CCC
	Whole-Day
	Half-day
	2-3x
	Total

 

 	Dam 	8 	1 	4 	13


 	Foster cow 	4 	– 	3 	7


 	Mix 	2 	– 	3 	5


 	Total 	13 	1 	11 	25




 



3.2 Measures


3.2.1 Behavior


3.2.1.1 Avoidance distance

Table 7 shows farm values of AD (median and percentage of animals in distance categories according to the WQP). Models for AD in calves showed an effect of test location (F2,396 = 24.913, p < 0.001) with AD being lowest for single boxes, slightly higher for grouped-housed animals tested at the feeding place and highest when tested in barn. There was no effect of rearing system on AD in calves (F1,44 = 1.295, p = 0.261, back-transformed estimated means CCC: 27.6 cm, n = 170 calves; ES: 18.8 cm, n = 233 calves) nor of age category. The model with the proportion of animals that accepted touch (AD = 0) also revealed an effect of location (F2,31 = 5.752, p = 0.007) but no effect of rearing system (F1,47 = 0.001, p = 0.976, estimated means CCC: 33.7%; ES: 34.0%) nor age category. Farm had a highly significant effect (p < 0.001 for AD and p = 0.002 for AD = 0). There was no influence of rearing system on median AD in heifers (Table 7).


TABLE 7 Results for avoidance distance (AD).


	Avoidance distance (AD)1
	CCC Calves n = 25 farms
	ES Calves n = 25 farms
	
	CCC Heifers n = 19 farms
	ES Heifers n = 25 farms
	



	Median, range
	Median, range
	Median, range
	median, range
	Mann–Whitney U Test: p, Z

 

 	Median AD 	30, 0–180 	10, 0–120 	 	20, 0–45 	10, 0–40 	0.144, 1.460


 	% animals with AD = 0 cm 	11, 0–100 	29, 0–100 	 	27 (0–90) 	36 (16–92) 	0.063, 1.861


 	% animals with AD > 0–50 cm 	41, 0–100 	53, 0–100 	
1
 	45 (10–88) 	44 (8–83) 	
1



 	% animals with AD > 50–100 cm 	14, 0–50 	6, 0–29 	
1
 	16 (0–50) 	8 (0–33) 	
1



 	% animals with AD > 100 cm 	11, 0–67 	0, 0–71 	
1
 	0 (0–20) 	0 (0–27) 	
1






Descriptive statistics are shown for both calves and heifers, and test results for potential differences between farms with cow-calf-contact (CCC) or early separation (ES) are shown for heifers. For statistics and results in calves: see text (2.4 and 3.2.1.1).

1The proportion of animals in this distance category was only analyzed descriptively and used for the calculation of the WQP Criterion score for “Good human-animal relationship”.
 



3.2.1.2 Qualitative behavior assessment

Scores for QBA were higher for both calves and heifers on CCC compared to ES farms (Table 8).


TABLE 8 Results for qualitative behavior assessment (QBA) and quantitative behavior observation on farms with cow-calf contact (CCC) and early separation (ES).


	Measure
	CCC Calves n = 25 farms
	ES Calves n = 25 farms
	Statistics
	CCC Heifers n = 19 farms
	ES Heifers n = 25 farms
	Statistics



	
QBA

	Mean ± SD median, range
	Mean ± SD median, range
	t-test: p t, df
	Mean ± SD median, range
	Mean ± SD median, range
	t-test: p t, df

 

 	QBA Score 	73 ± 12.9 74, 52–100 	54 ± 12.7 53, 28–82 	<0.001 5.31, 48 	60 ± 18.1 58, 31–95 	48 ± 13.6 46, 21–70 	0.022 2.41, 32


 	Behavior 
 [no. events/animal/h] 	Median, range (no. farms with frequency > 0) 	Median, range (no. farms with frequency > 0) 	Mann–Whitney U Test: p, z 	Median, range (no. farms with frequency > 0) 	Median, range (no. farms with frequency > 0) 	Mann–Whitney U Test: p, z


 	Non-nutritive oral behaviors 	3.1, 0–12.82 (23) 	5.1, 0–27.5 (24) 	0.030, −2.174 	0.73, 0–11 (16) 	1.9, 0.39–5.63 (25) 	0.132, −1.505


 	Tongue rolling 	0, 0–4.3 (5) 	0, 0–6 (6) 	 	0, 0–10 (5) 	0, 0–2.62 (10) 	


 	Object Licking 	3.1, 0–12.82 (23) 	4.8, 0–27.50 (24) 	 	0.7, 0–6.76 (16) 	1.6, 0–5.21 (24) 	


 	

Cross-sucking

 	0, 0–0.79 (5) 	0, 0–1.56 (9) 	 	0, 0–0.43 (3) 	0, 0–1.33 (9) 	


 	Urine drinking 	0, 0–0.57 (2) 	0, 0–0.20 (3) 	 	0, 0–0.14 (1) 	0, 0–0.4 (4) 	


 	Agonistic 	0, 0–1.22 (9) 	0.1, 0–2 (14) 	0.131, −1.511 	1.2, 0–5.42 (17) 	1.3, 0.1–4.3 (25) 	0.868, −0.166


 	Head butt 	0, 0–0.4 (4) 	0, 0–0.8 (9) 	 	0.7, 0–3 (13) 	0.6, 0–3.9 (18) 	


 	Displacement 	0, 0–1.22 (7) 	0, 0–1.20 (10) 	 	0.7, 0–5 (15) 	0.7, 0–2.29 (23) 	


 	Fighting 	0, 0 (0) 	0, 0–0.09 (1) 	 	0, 0–0.22 (1) 	0, 0–0.13 (2) 	


 	

Chasing

 	0, 0–0.14 (1) 	0, 0–0.43 (3) 	 	0, 0–0.30 (5) 	0, 0–1.33 (4) 	


 	Chasing up 	0, 0–0.28 (1) 	0, 0–0.14 (2) 	 	0, 0–0.42 (2) 	0, 0–0.32 (2) 	


 	Cohesive 	1.1, 0–6.78 (23) 	1.1, 0–6.2 (22) 	0.587, −0.544 	1.8, 0–3.25 (16) 	1.2, 0–6.25 (20) 	0.905, −0.119


 	Social Licking 	0.9, 0–6.56 (20) 	1, 0–6.2 (22) 	 	0.7, 0–2 (16) 	0,5, 0–5.63 (20) 	


 	Horning 	0.3, 0–2.61 (15) 	0, 0–3 (11) 	 	0.2, 0–2.25 (12) 	0.2, 0–1 (17) 	


 	Play 	1.3, 0–9.29 (20) 	1, 0–6.67 (21) 	0.785, −0.272 	0.2, 0–3.05 (11) 	0.1, 0–1.33 (13) 	0.601, 0.523


 	Locomotor Play 	1, 0–9.14 (20) 	1, 0–6.67 (21) 	 	0, 0–2.67 (6) 	0, 0–0.63 (9) 	


 	Mounting 	0, 0 (7) 	0, 0–0.7 (7) 	 	0, 0–0.92 (7) 	0, 0–1.33 (11) 	


 	Health related 	0.7, 0–9.4 (16) 	1.7, 0–7.67 (21) 	0.221, −1.224 	0.4, 0–3.62 	0.7, 0–5.11 	0.335, −0.964


 	Sneezing 	0, 0–0.50 (4) 	0, 0–1 (4) 	 	0, 0 (0) 	0, 0–0.31 (4) 	


 	Coughing 	0.6, 0–9.4 (15) 	1.2, 0–6.68 (21) 	 	0.4, 0–3.62 (13) 	0.7, 0–4.96 (20) 	


 	Falling 	0, 0 (0) 	0, 0 (0) 	 	0, 0–0.25 (1) 	0, 0–0.89 (1) 	





Observed behaviors were grouped into non-nutritive oral behaviors, agonistic, cohesive, play and health related behaviors. For QBA, descriptive statistics and results of statistical tests (t-tests) are shown. For results of the quantitative behavior observation, descriptive statistics for every behavior are shown, and statistical tests (Mann–Whitney U Tests) were only performed for grouped behaviors. Grouped behaviors and significant p-values are (p ≤ 0.05) are marked in bold, single observed behaviors are marked in italics.
 



3.2.1.3 Quantitative behavior observation

Cow-calf-contact calves showed a lower frequency of non-nutritive oral behaviors (Table 8). This variable is largely influenced by object licking (Table 8), which occurred on nearly all farms (CCC: 23, ES: 24 farms). In contrast, the other three non-nutritive oral behaviors were observed on at most 30% of the farms, i.e., cross-sucking on 5 CCC and 9 ES, tongue rolling on 5 CCC and 6 ES, and urine drinking on 2 CCC and 3 ES farms (Table 8). No other observed behaviors, i.e., social, play or health-related, differed between CCC and ES farms (Table 8). No differences were found for heifers (Table 8).




3.2.2 Physical parameters

Cow-calf contact calves were less often affected by lesions and CCC heifers had overgrown claws less often than those on ES farms (Table 4). No differences were found for all other physical indicators and for mortality (Table 4).



3.2.3 Resource- and management-based measures

Cow-calf contact calves had access to a sufficient number of clean and functioning waterpoints more often than ES calves (Table 4). Both CCC calves and heifers had more space and more days with longer than 6 h of access to pasture (Table 4). This difference was still significant when only considering organic farms (Table 4). Moreover, CCC calves and heifers were disbudded less often than those from ES farms (Table 4). All but two ES farms fed their calves restrictively after the first week of life (Table 9).


TABLE 9 Average milk allowance/day in week 1 and maximum milk allowance/day on the participating ES farms (n = 25).


	
	Week 11
	Maximum2

 

 	6 L or less 	10 	3


 	> 6–8 L 	7 	6


 	> 8–10 L 	0 	6


 	> 10–12 l 	0 	6


 	> 12 or ad libitum 	5 	2


 	No. meals


 	2 	15 	20


 	3 	5 	2


 	4 	1 	0


 	Ad libitum 	1 	1





Number of farms providing the respective milk allowance are given.

1Only data from 22 out of 25 farms available.

2Only data from 23 out of 25 farms available.
 




3.3 Criterion and principle scores

Criterion and Principle scores are summarized in Table 10. The model for “Good human-animal relationship” in calves (R2 = 0.063, F = 1.025, p = 0.390) revealed no influence of rearing system (regression coefficient B = 8.326, p = 0.308, Table 10). Both CCC calves and heifers scored higher in the Criteria “Ease of movement”, “Absence of pain induced by management procedures”, “Other behaviors” (i.e. access to pasture) and “Positive emotional state” (i.e. QBA, (Table 10). No differences in the other Criterion scores were found for calves and heifers (Table 10). Cow-calf contact calves had higher Principle scores for “Good feeding”, “Good housing” and “Appropriate Behavior” (Table 10).


TABLE 10 Criterion and Principle scores for calves and heifers.


	
	CCC Calves
 n = 25 farms
	ES Calves
 n = 25 farms
	
	CCC Heifers
 n = 19 farms
	ES Heifers
 n = 25 farms
	

 

 	Criterion 	mean ± SD
 median, range 	mean ± SD
 median, range 	Mann-Whitney U Test:
p, z 	mean ± SD
 median, range 	mean ± SD
 median, range 	Mann-Whitney U Test:
p, z


 	Absence of prolonged hunger1 	93 ± 27
 100, 3-100 	89 ± 31
 100, 5-100 	0.696
 0.391 	81 ± 34
 100, 7-100 	87 ± 31
 100, 11-100 	0.491
 0.689


 	Absence of prolonged thirst1 	68 ± 22
 53, 53-100 	54 ± 17
 53, 20-100 	0.016
 2.400 	68 ± 22
 53, 53-100 	61 ± 21
 53, 20-100 	0.298
 1.040


 	Comfort around resting2 	92 ± 23
 100, 11-100 	91 ± 20
 100, 25-100 	0.533
 0.623 	72 ± 28
 86, 31-100 	69 ± 29
 71, 10-100 	0.734
 0.340


 	Ease of movement2 	88 ± 24
 100, 0-100 	59 ± 29
 52, 9-100 	<0.001
 3.544 	94 ± 18
 100, 28-100 	90 ± 18
 99, 23-100 	0.031
 2.159


 	Absence of injuries3 	97 ± 4
 100, 80-100 	92 ± 11
 97, 53-100 	0.107
 1.614 	72 ± 19
 73, 44-96 	64 ± 21
 64, 33-100 	0.132
 1.505


 	Absence of disease3 	59 ± 33
 55, 22-100 	53 ± 27
 45, 12-100 	0.880
 0.151 	71 ± 24
 100, 29-100 	79 ± 26
 100, 29-100 	0.834
 0.210


 	Absence of pain induced by management3 	88 ± 13
 100, 75-100 	78 ± 8
 75, 75-100 	0.005
 3.001 	89 ± 13
 100, 75-100 	78 ± 8
 75, 75-100 	0.003
 3.201


 	Social behaviour4 	92 ± 13
 100, 58-100 	88 ± 14
 92, 55-100 	0.118
 1.563 	56 ± 29
 57, 8-100 	53 ± 22
 52, 21-95 	0.767
 0.296


 	Other behaviours4 	47 ± 28
 48, 0-82 	19 ± 21
 0, 0-62 	<0.001
 3.536 	79 ± 11
 77, 65-100 	47 ± 29
 55, 0-80 	<0.001
 4.454


 	Positive emotional state4 	73 ± 13
 74, 52-100 	54 ± 13
 53, 28-82 	<0.001
 4.356 	60 ± 18
 58, 31-95 	48 ± 14
 46, 21-70 	0.037
 2.087


 	Good human-animal relationship4,5 	60 ± 26
 69, 16-100 	71 ± 19
 76, 14-100 	0.3085 	66 ± 14
 69, 46-97 	74 ± 13
 78, 48-98 	0.056
 1.908


 	Principle 	 	 	 	 	 	


 	Good feeding 	66 ± 23
 57, 16-100 	53 ± 20
 57, 17-100 	0.047
 1.988 	63 ± 25
 57, 26-100 	58 ± 22
 57, 22-100 	0.712
 0.369


 	Good housing 	87 ± 21
 99, 22-100 	64 ± 24
 61, 19-100 	<0.001
 3.364 	75 ± 25
 68, 32-100 	72 ± 25
 77, 18-100 	0.556
 0.588


 	Good health 	64 ± 24
 58, 32-100 	58 ± 18
 54, 28-98 	0.356
 0.923 	70 ± 15
 64, 38-94 	64 ± 17
 59, 37-100 	0.121
 1.552


 	Appropriate Behaviour 	53 ± 16
 53, 23-78 	41 ± 13
 38, 25-67 	0.011
 2.532 	54 ±13
 54, 30-78 	46 ± 14
 47, 19-71 	0.043
 2.026





1 Criterion contributes to Principle “Good feeding”. 2Criterion contributes to Principle “Good housing”. 3Criterion contributes to Principle “Good health”. 4Criterion contributes to Principle “Appropriate behaviour”. 5To compare scores for “Good human-animal relationship” in calves a regression model with farm, rearing system and percentage of tests in single housing was calculated to take into account differing test location.
 



3.4 Overall classification

Figure 1 shows the distribution of farms over the four categories of classifications according to the WQP. Cow-calf contact farms had better overall classification than ES farms for both calves and heifers (Figure 1). Five (= 20 %) CCC farms received an overall classification “excellent” for calves, while this was the case for no ES farm (p = 0.023, standardized residuum: |1.6|, Figure 1). Conversely, 1 (4%) CCC and 5 (20%) ES farms were classified as “acceptable” (standardized residuum: |1.5|, Figure 1). For heifers, 5 (26%) CCC and 3 (12%) ES farms scored “excellent” (standardized residuum: CCC: 1.4, ES: −1.2), while 0 CCC and 3 (12%) ES farms scored “acceptable” (standardized residuum: CCC: −1.1, ES: 1.0, Figure 1). No farms in our sample were given the lowest classification “not classified.”

[image: Two bar charts compare the percentage of farms classified as acceptable, enhanced, or excellent for calves and heifers under ES (blue) and CCC (orange) systems. Most farms are classified as enhanced in both systems for both groups, with higher acceptability for ES and higher excellence for CCC.]

FIGURE 1
 Percentage of visited farms with each overall classification according to the WQP for calves (top) and heifers (bottom). Calves: CCC: n = 25, ES: n = 25. Heifers: CCC: n = 19, ES: n = 25.





4 Discussion

The results of this study confirm our hypothesis of better welfare of calves and heifers on CCC compared to ES farms. This was mainly the case in the dimensions of behavior and mental states including resource- and management-based measures, while there was only a limited effect in the physical dimension. Specifically, CCC calves and heifers showed higher scores for positive emotional state (QBA), had more space, more access to pasture and were less often disbudded compared to ES calves and heifers. In addition, CCC calves showed a lower frequency of non-nutritive oral behaviors, had lesions only on one CCC farm and, in contrast to those on ES farms, were never single housed except for one farm post-weaning. Fewer CCC farms had heifers with overgrown claws. The results led to higher WQ scores for CCC farms in five of the 11 Criteria for calves, four of the 11 Criteria for heifers, three of the four Principles for calves and one of the four Principles for heifers and a higher overall classification for calves for CCC farms. The results thus also confirm our hypothesis that benefits of CCC rearing are more pronounced in calves compared to heifers.


4.1 Measures


4.1.1 Behavior


4.1.1.1 Avoidance distance

In line with our hypothesis and with the results of two recent experimental studies (27, 29), there was no difference in AD between rearing systems. In contrast, CCC calves had higher ADs at 1 month of age and tended to do so 1 year later as heifers in a previous study when keeping human-animal interactions to the minimum necessary in the first 4 weeks of life (28); however, the higher the amount of contact during the first week of life, the lower was AD also in CCC calves (28). The amount and quality of human-animal interactions (HAI) determine the AHR (50, 125, 126), reviewed in Waiblinger (59)]. Our results suggest that HAI do not inherently differ between rearing systems. As farmers’ attitudes play the crucial role for HAI [(60); reviewed in Hemsworth and Coleman (61)], farmers valuing a good AHR will engage in regular and positive contact with the calves, independent of rearing system (62–64). Moreover, almost half of the CCC farms had restricted contact where regular interactions between farmers and calves took place during suckling times.



4.1.1.2 Qualitative behavior assessment

The higher QBA (i.e., positive emotional state) scores for both CCC calves and heifers compared to ES indicate a higher emotional well-being in CCC animals. This is in line with previous findings where CCC calves showed longer play behavior as an indicator for positive emotional experiences (19) or a lower stress response to isolation (23) than calves without CCC. Several factors may contribute to this result. First, non-weaned CCC calves receive maternal care from their dam or, even if partly reduced, foster cow (65, 66). The mother is the main social partner during the first weeks of life and CCC calves prefer affiliative interactions with their dam over those with other cows or calves (67). Second, they can suckle a cow, allowing them to (better) fulfil their need to perform sucking behavior (see 4.1.1.3). Suckling an udder leads to higher oxytocin release (16, 68) with anti-stress and other beneficial effects including social bonding (17, 69). Un-weaned calves were also fed restrictively on most ES farms while CCC calves on most farms had a more sufficient milk supply, especially in whole-day systems. Moreover, CCC calves were single-housed only once (and only after weaning), in comparison to those on 15 out of the 25 ES farms, and both CCC calves and heifers had more space than those from ES farms. Social partners are important factors for positive emotional states (70) and space allowance is an important factor for play, a behavior especially important in young animals (71, 72).



4.1.1.3 Quantitative behavior observation

The CCC calves in our study showed fewer non-nutritive oral behaviors, which is consistent with results of previous studies [(e.g., 10)]. This is due to a lower occurrence of object licking, what aligns with former findings (73, 74). Non-nutritive oral behaviors such as object licking and cross-sucking are seen as a coping mechanism that could reflect insufficient milk intake, unsatisfied need for suckling, lack of fiber, nutrient deficiencies, frustration, and/or boredom through insufficient environmental enrichment and can become a chronic behavioral disorder with possible negative consequences over long periods of time (9, 11, 75–78). In the present case, it is likely that the better fulfilled sucking motivation through CCC contributed to the lower expression of non-nutritive oral behaviors. Moreover, calves were housed with full-time contact in a cow-calf group on more than half of the CCC farms. This provides a more complex social and physical environment - even compared to calves being housed in same-age groups - which better resembles natural conditions and can lead to additional benefits (19, 79). In contrast, most ES farms fed their calves restrictively and most un-weaned calves were single-housed.

In opposition to other studies [(e.g., 12, 27)], cross-sucking occurred on both CCC and ES farms. It was observed on 36% of the ES farms, which is much lower compared to previous studies on Austrian dairy farms with ES (9). However, Größbacher et al. (9) included only group-housed calves, while calves were single-housed on 60% of our ES farms, at least during their first weeks of life. This may have contributed to the differences in prevalences, as single-housing strongly limits or even prohibits (physical) social contact and thus cross-sucking. We observed cross-sucking on 20% of CCC farms in our study. Notably, all of these farms practiced restricted contact to either the dam (2 farms) or a foster cow (1 farm) or mixed (2 farms). This is in line with a previous experimental study where calves in full-time contact systems did not show any cross-sucking, but one of 15 calves did so in a two-times daily restricted suckling system (13). As hunger enhances sucking motivation in calves (75, 80, 81), it can be assumed that restricted contact did not allow to sufficiently fulfil the calves’ nutritive and/or suckling needs. In addition, foster cow systems can pose a risk for foster calves to experience unfulfilled need for sucking and hunger as they may not be allowed to suckle the cow as much as own calves, reflected in lower weight gains (82, 83). This emphasizes potential animal welfare concerns in foster cow systems that should be considered in practice and in future research. It also aligns with consumer perceptions who rate foster cow systems more negative compared to dam-calf contact systems (84).

Absolute values of object licking must be interpreted with caution, as a bout was not required to last for 5 s to be counted as was the case for tongue rolling or cross-sucking (43), potentially inflating this value. Short lickings may rather be seen as a form of explorative behavior (85).

There was no difference in agonistic or affiliative social behavior for both calves and heifers. This is in line with experimental studies comparing CCC and ES animals after weaning and separation that did not find differences in the agonistic interactions that were included in our observations, i.e., displacement and head butts with physical contact (24, 25). In contrast, CCC calves in a whole-day dam-calf-contact system experienced agonistic interactions, both being initiator and receiver, more often than ES calves before weaning (28). However, interaction partners in this study were primarily cows, and it was not differentiated between threats, head butts, avoiding, and submission, so results cannot be compared. In terms of affiliative social behavior, our results confirm previous studies where no difference between CCC or ES calves before or after weaning was found (24, 28).

Despite previous evidence showing that higher space allowance and social companionship increase locomotor play in calves (72), that energy intake affects calves’ play behavior (86–88), and that CCC calves showed higher locomotor play than ES in an experimental study (28), play behavior in our study did not differ between rearing systems. This could be explained because play is considered a relatively rare event and thus repeatability is assumed to be low in case of short observation time (89). Moreover, the proportion of almost half of the CCC farms being farms with restricted contact (Table 6), resulting in temporary restricted milk intake for those calves (see 4.1.1.3), may also have affected the amount of play behavior shown by CCC calves.




4.1.2 Physical parameters

Contrary to farmers’ concerns that keeping calves in cow barns might increase the risk of injuries for calves (90), we found that lesions in calves occurred on more (n = 6) ES than CCC (n = 1) farms, although still in a low occurrence for both rearing systems. This reflects that CCC farmers in our sample took sufficient precautions to prevent their calves from injuries or skin lesions. It is possible that the findings also reflect a lower incidence of skin diseases and/or faster healing in CCC calves that may result from a better immune response compared to ES calves, possibly due to higher oxytocin levels (16, 17). However, there is only limited evidence on the influence of cow-contact on the calf’s immune system (6).

The lack of differences in the other physical parameters is in line with previous studies that showed conflicting effects of CCC on calf health [(27, 29); reviewed in Beaver et al. (6)]. On the one hand, contact to a cow has the potential to enhance calf health through increased milk intake and potential benefits on the immune system, while on the other hand, infectious pressure might be higher when calves are kept in the same environment as (a) cow(s), which can increase the risk for diseases [reviewed in Beaver et al. (6)]. Moreover, in CCC systems, close observation of the calf’s colostrum intake is necessary to evaluate the amount and be able to assist if necessary, as increased risk of failure of passive immune transfer has been reported in calves left to suckle their dam (91, 92). However, in a more recent study, the amount of failure of passive immune transfer on CCC farms was similar to the amount in ES farms (93), emphasizing the importance of good colostrum management regardless of rearing system.

Overall, both calves from CCC and ES farms were in good health conditions, as the prevalences of respiratory tract disease, diarrhea and umbilical diseases were lower compared to a recent survey on calf management for Austrian farmers, although mortality was similar (94). However, the results are not completely comparable due to differences in assessment (own observation on 1 day vs. reporting by farmers) and definitions.

That CCC farms had heifers with overgrown claws less often than ES farms might be explained by the finding that CCC farms had more access to pasture, which has been proven to improve claw health (95). However, independent of access to pasture, farmers are responsible for providing adequate claw care. Therefore, the results might also reflect differences in CCC farmers’ attitudes toward animals in their care (see 4.1.3). That no other differences between rearing systems were found for heifers emphasizes the complexity and variety of influencing factors on health beyond contact to a cow during calfhood and confirms our hypothesis.



4.1.3 Resource- and management-based measures

Cow-calf contact calves were always group-housed (except for one case after weaning), had more space and access to a sufficient number of clean and functioning waterpoints more often than those from ES farms. The findings can partly be explained by the fact that CCC calves with unrestricted contact to a cow are automatically group-housed and have access to a higher number of water points (given that they are reachable for calves, what is reflected in the measures as only those drinkers that were accessible for calves were included in the analysis). Moreover, the higher number of group-housed calves on CCC than ES farms could be due to the higher proportion of organic farms among CCC farms, considering that single-housing of calves is not allowed for more than 1 week in organic farming (96). Regardless of rearing system, group-housing is beneficial for social, behavioral, cognitive and physical development and improves animal welfare [(72, 94, 97, 98); reviewed in (70)].

That both CCC calves and heifers had more space and more access to pasture, even when comparing CCC with only organic ES farms as those are required by law to provide their animals with access to pasture (96), aligns with our hypothesis of CCC farmers providing their animals with better management practices. This is in line with the results from previous studies: providing their animals with a more natural environment that enables extensive possibilities for species-specific behavior, a core aspect of organic farming also recognized in the EU Organic legislation, is an important value for many farmers practicing CCC, making them more likely to oppose unnatural practices including ES (32, 96, 99). This aligns with the argumentation that ES can be considered as a violation of the principle of fairness, one of the four principles of organic agriculture (100, 101) and fits with our and the findings of others that CCC is mainly practiced on organic farms (102). Moreover, providing animals with the opportunity to engage in natural behaviors they are strongly motivated to perform, such as going on pasture (103) and CCC (104), have been emphasized as an important aspect also in a broader context of sustainability (38). As CCC and ES farms were balanced for geographical regions, location of the farm should not have influenced the amount of pasture provided. This suggests that for CCC farmers, access to pasture might not only be seen as a necessary aspect to maintain organic status but also as an important factor to fulfil the animals’ behavioral needs.

Fewer CCC (48 % of the CCC farms) than ES farms (88 % of the ES farms) disbudded their calves (one CCC and one ES farm used polled genetics). Keeping intact animals is thus more prevalent in the CCC farms in our study than reported in a European-wide survey, as 80.7% of dairy farms in the EU and 61.2% of cattle farms in general (dairy, beef and suckler together) in Central Europe reported to disbud their animals (105). As keeping intact cattle was least prevalent in dairy farms and loose-housing systems (105), the actual difference can be expected to be even more pronounced. In Austria, it is legally required to use anesthetics and analgesics for disbudding and dehorning of cattle. Although this can prevent acute pain during and shortly after the procedure if applied correctly, it does not necessarily alleviate adverse longer-term effects of disbudding, e.g., wound healing disturbances, formation of neuromata and/or chronically painful states [(106); reviewed in Knierim et al. (107)]. Apart from pain due to the procedure (a major argument against disbudding), horns play an important role in the social behavior of cattle, as horned herds engage in fewer physical agonistic interactions (108), indicating a more stable social structure [reviewed in Menke et al. (107), Knierim et al. (109)]. Moreover, it has been argued that keeping hornless cattle is a violation of the animal’s bodily integrity and is therefore not acceptable from an ethical point of view (109, 110). Improved management, housing conditions, and human-animal relationship are important influential factors for minimizing the risk of keeping horned cattle [e.g., for injuries in animals or humans, (111, 112)]. That CCC farmers disbud their animals less often is in line with the above-mentioned theory that it is important for them to allow their animals a life more aligned with their natural characteristics rather than to follow conventional procedures that make the animal fit better to the environment by altering their natural characteristics. Moreover, higher social competence in CCC animals, especially in whole-day full contact systems (24, 25), may have beneficial effects on social dynamics in a cow herd and ease the keeping of intact cattle with horns.




4.2 Criterion and principle scores


4.2.1 Good feeding

The higher WQ score for “Good feeding” in CCC compared to ES calves mainly stems from the difference in the Principle “Absence of prolonged thirst” that reflects the condition of drinkers (4.1.3). Cow-calf contact farms more often scored 100 in this Principle (i.e., having at least 2 clean drinkers available per animal) and never scored below 53 (i.e., less than 2 drinkers available per animal). The latter was the case twice on ES farms, where the one drinker they provided per group was dirty and therefore no sufficient supply of clean water was provided.

The score for “Absence of prolonged hunger,” determined by the percentage of lean animals, did not differ between rearing systems in our study, suggesting that most calves were in an acceptable body condition. However, there are consequences of common restrictive feeding practices in dairy farming beyond extreme malnourishment. Calves received ad libitum or a maximum amount of milk of >12 L, coming close to 20% of body weight recommended at least in the first 4 weeks of life (2), on only two out of the 25 ES farms. This corresponds with a recent Austrian-wide questionnaire on calf management (94), where 15.4% of the respondents reported that they fed their calves ad libitum milk. Restricted feeding is in contrast to the calves’ natural behavior and can, in addition to being a risk factor for developing non-nutritive oral behaviors (4.1.1.3), lead to less play behavior suggesting lower emotional well-being (87, 113–117).



4.2.2 Good housing

That CCC calves had more space than ES calves is reflected in the higher score for the Criterion “Ease of movement” that contributes most to the difference within the Principle of “Good housing.” The higher space allowance of CCC heifers compared to ES heifers is reflected in the Criterion score for “Ease of movement” but not in the Principle score for “Good housing”, as the other measures balanced the differences between rearing systems. However, the modified calculation of this score (see 2.3) must be considered as a limitation and future projects should aim to establish suitable calculation procedures for dairy calves and heifers.



4.2.3 Good health

As the majority of calves and heifers were in good clinical condition, there was no difference between rearing system in the Principle score for “Good health.” The variation in the Criterion “Absence of pain induced by management decisions” arises from the fact that more of the visited CCC farms do not disbud or dehorn their animal. As tail docking in dairy cattle is prohibited by Austrian law, none of the visited farms followed this practice.



4.2.4 Appropriate behavior

Both CCC calves and heifers scored higher in the Principle “Appropriate Behavior,” which was driven by higher scores for the Criteria “Other behaviors” and “Positive emotional state.” This is in line with our hypothesis, as the main differences were expected in the behavioral dimension. Cow-contact and higher space allowance have been discussed as important factors for a positive emotional state (4.1.1.2), while farmers’ attitudes are an important aspect determining management decisions such as the amount of access to pasture (4.1.1.3). Since animals’ needs can primarily be recognized by their behavior, higher scores in this Principle may indicate that CCC farmers place greater emphasis on meeting animals’ natural behavioral needs.




4.3 Overall classification

Differences between rearing systems occurred not only in single measures but also in the aggregated overall classification for calves, pointing towards enhanced welfare states in CCC compared to ES calves in our sample, with at least one quarter of CCC farms classified as “excellent” and only one farm “acceptable”. Also for heifers, differences point towards better overall well-being in CCC animals (26% of the farms reached “excellent” compared to 12% of the ES farms, and no CCC farm was classified as “acceptable” compared to 12% of the ES farms), although differences were not confirmed statistically. Previous studies conducted in Europe found that no (dairy cows) or single (fattening bulls) farms achieved the classification “excellent,” but 32 to 66% were classified “acceptable” (41, 42, 118, 119). Even though results are not fully comparable due to the assessment of different age groups and slight differences in measures and calculations, it indicates relatively good welfare in the animals on quasi all CCC farms included in our sample.



4.4 General discussion and limitations

There was a high variation in the types of CCC practiced by the visited farms. This heterogeneity reflects the situation in practice, as CCC rearing is still rare in commercial dairy farming and CCC farmers adopt individual solutions. The distribution of farms toward the different systems fits well with an earlier online-survey among Austrian farmers (120) and has also been recognized in studies from other countries (32, 121). Thus, our sample can be seen as representative for CCC farms in Austria and has high external validity with respect to CCC systems as a whole. However, our sample does not allow to draw firm conclusions on different types of CCC due to the low sample size per system, although some hints regarding differences in line with previous studies arose (e.g., differences in whole-time dam-contact and short-time systems). Comparability of heifers between the two rearing systems is limited as the data was only available for 19 CCC as opposed to 25 ES farms. Future research should include more CCC farms of the same type to allow conclusions about different CCC systems.

In contrast, ES farms were not a representative sample. There is a bias toward organic farms for ES, as the present sample lies above the Austrian average of 26% for dairy farms (49). Moreover, by convenience sampling, participants may be biased toward being more engaged, motivated and open for science than on average. Therefore, it can be assumed that the welfare of ES animals in the present sample is better than on average.

As it was impossible to blind the assessors due to on-farm assessments, an observer bias (expectation bias) cannot be excluded (122). However, the risk of bias was minimized through standardized, professional training of the assessors by a delegate of the WQ network and adhering to pre-defined definitions. The large variation within farms of both rearing systems with clear overlaps suggests a successful reduction of expectation bias. Besides by training, a potential effect of the observer on differences was minimized because the majority of assessments (38 farms = 76% farms) was done by one assessor, and another assessor evaluated 5 CCC and ES farm each, therefore balancing the two rearing systems nearly perfectly between assessors.

We performed quite a substantial number of statistical tests that altogether may be perceived as multiple testing in a first glance. However, we mainly tested specific, pre-defined hypotheses on single variables. The exception is health where we tested several measures. Thus, the difference regarding lesions in calves and overgrown claws in heifers need to be interpreted with caution but should be investigated further. Regarding WQ criteria and principles scores, the overall picture in calves clearly supports the conclusion of better welfare in CCC calves (with nearly half of the scores differing statistically and other pointing nearly all in the expected direction), but this is less so for heifers, as discussed above already.

As there are currently no calculation formulae for WQ Scores included in the WQP for dairy calves and heifers, the calculations from the WQP for fattening bulls were used. While most of the indicators are observed in both protocols, thresholds for calculations may differ due to age and gender of the animals. In addition, not all the measures proposed to observe in dairy calves and heifers are included in the WQP for fattening bulls, so these measures were not included in the calculation of WQ scores. Future research should aim to establish specific calculations for the WQP for dairy calves and heifers.

The WQP has been developed including stakeholders, aiming for a classification that can be achieved in practice, and animal welfare evaluation is biased due to being conducted from a human point of view (123). This brings the concern that the animals’ perspective may not be sufficiently taken into consideration (123). Moreover, the overall classification in the WQP is based on results on herd level and may not sufficiently consider individual animals (124). Therefore, terms like “acceptable,” “enhanced” or “excellent,” as proposed in the WQP, should be used with caution when describing welfare. Existing problems on herd as well as individual level, regardless of classification status, should be reported to and improved by the farmer.




5 Conclusion

Our results point to some benefits for CCC animals in terms of behavior, health and management. While the fact of being reared in contact with a cow is one important factor, other aspects also positively influenced the welfare of animals, including more access to pasture, more space in the barn and less disbudding. As expected, the influence on calf welfare was more pronounced than on heifer welfare, possibly due to the direct contact with a cow and the generally higher vulnerability of calves at a young age. However, the results also pointed toward slight benefits for heifers that were mainly rooted in resources and management parameters, but also included higher QBA scores suggesting higher emotional well-being. Future research should aim to disentangle the effects of different types of CCC on animal welfare on-farm and establish formulae for the calculation of WQ Scores for the WQP for dairy calves and heifers. More holistic farming practices prioritizing animal welfare including CCC rearing should be aimed for in the transition toward more sustainable farming.
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Introduction: Risk assessment (RA) frameworks are increasingly being applied to improve the welfare of farmed animals. These frameworks have at their core, a logic chain linking welfare hazards (risks) with one or more welfare consequences which, in turn, are each measured by one or more welfare indicators. Effective and efficient monitoring of animal welfare often involves the selection of a subset of indicators from a large pool. Selecting ‘iceberg indicators’ could be advantageous due to their association with multiple welfare consequences. However, no standardised, data-driven method exists to select optimal combinations under practical constraints. This study addresses this gap by creating an algorithmic approach to optimise indicator selection.
Methods: The work was conducted in six phases: (1) construction of a structured database of welfare indicators; (2) a proof-of-concept study; (3) design of a greedy selection algorithm; (4) enhancement of the algorithm using branch-and-bound and backtracking methods; (5) performance and sensitivity testing, and (6) creation of two case studies. A dataset of 382 animal welfare indicators across seven farm species was compiled from scientific opinions published by the European Food Safety Authority (EFSA) and from other published literature. The EFSA scientific opinions contain data acquired through a rigorous process of literature reviews and expert elicitation and consensus panels to link welfare indicators with their associated welfare hazards and welfare consequences. To enable algorithm development, the Coverage of each welfare indicator was first determined by calculating the number of unique welfare consequences to which it was linked. Metadata such as the Impact of welfare consequence [Low (1) or High (2)], Ease of hazard mitigation [Easy (1), Moderate (2) or Difficult (3)], and Ease of indicator use [Easy (1), Moderate (2) or Difficult (3)] was generated through an expert elicitation process. These data were standardised using max–min normalisation across all criteria, and an objective function was defined which enabled indicator subset selection according to various user-defined criteria. Optimisation was performed using both a greedy algorithm and an enhanced algorithm incorporating backtracking and branch-and-bound solvers. Algorithm performance and robustness were evaluated through sensitivity analyses, scenario testing, and computational benchmarking.
Results: The greedy algorithm offered computational efficiency but incorporated suboptimal plateaus in Coverage as additional indicators were combined. The enhanced algorithm identified globally optimal combinations within 0.2 s for all species, regardless of problem size. In a broiler chicken case study, the enhanced algorithm removed indicators that were moderately difficult to use. A pig case study showed that the enhanced algorithm combined the same welfare indicators as the greedy algorithm but validated the added value of multi-criteria scoring by identifying high-impact, easy-to-implement indicators suitable for welfare certification.
Discussion: The enhanced algorithm was able to move beyond the selection of iceberg indicators, by incorporating multiple selection criteria to inform welfare indicator choice. The enhanced algorithm is data-agnostic and enables users to optimise indicator selection with diverse datasets spanning research, industry, and policy contexts. Its flexibility supports the development of tailored applications for different stakeholders. Future work should explore processes to determine weighting values, scenario testing, robustness, and stakeholder engagement to maximise both relevance and practicality.
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1 Introduction

The measurement of farm animal welfare has gained substantial prominence in research, policy and practical applications related to animal care and management. Historically, welfare has been assessed according to the housing and resources that were provided for animals (input- or resource-based measures, e.g., the size of an animal enclosure) (1). However, over time, the focus has shifted to outcome- or animal-based measures (e.g., lameness) because welfare is a characteristic of the individual animal, not just the system in which animals are kept (2). Furthermore, there has also been recognition that management inputs (animal care) profoundly influence the level of welfare achieved (3). Besides biological functioning and a focus on resources, welfare assessments now also increasingly include welfare outcomes in terms of animals’ experiences (i.e., their affective states) (4).

Farm animal welfare is not only the responsibility of the farmers who manage their day-to-day care. For example, veterinarians collaborate with farmers to safeguard animal health and welfare. Industry bodies and levy-funded organisations work to promote animal welfare in their sectors. Third-party certification schemes and animal welfare labels often necessitate additional inspections that provide confidence to food businesses (processors, retailers, restaurants and bars) and citizens (5). Investors and banks both seek to ensure that standards of animal welfare do not pose financial risks (6). Policy makers and national competent authorities create and enforce legal frameworks for the protection of animals (7). Despite their differing priorities, all these stakeholders need objective and quantifiable indicators to monitor the welfare of animals across diverse agricultural production systems.

The European Union (EU) uses scientific and technical evidence as a foundation for its legislation and policies on animal welfare (as a component of feed and food safety). The European Commission has mandated the European Food Safety Authority (EFSA) to provide this scientific support. EFSA has developed a Risk Assessment (RA) framework for animal welfare to facilitate effective, evidence-based policy making. This framework includes several steps, namely hazard identification, hazard characterisation, exposure assessment and risk characterisation for a specified housing system, and is broadly based on the methodology already established in human and animal health (8). The RA framework has at its core, a logic chain linking welfare hazards (risks) with one or more welfare consequences which, in turn, are each measured by one or more welfare indicators (9, 10).

A welfare hazard is an exposure variable causing a risk to animal welfare. A welfare consequence is a consequence of a welfare hazard and impairs the welfare of the animals. Welfare indicators are observations and measures made during a welfare assessment.

The EFSA panel on Animal Health and Welfare (AHAW) has published numerous scientific opinions which apply the RA framework (11). Each scientific opinion was written by a suitably qualified team of experts which acquired data using a rigorous and systematic approach. This approach involves reviewing published literature, conducting expert elicitation processes and discussion through consensus groups. The most recent scientific opinions include recommendations on which welfare indicators can be used to measure the welfare of the main farmed animal species.

Given the extensive range of potential animal welfare indicators, choosing the most appropriate ones to address specific assessment objectives can be challenging. This choice is further complicated by the existence of different scoring systems and weighting of welfare indicators across systems/protocols. Therefore, the selection process must carefully consider numerous factors such as the validity of the indicators in reflecting actual animal welfare, their reliability and consistency across differing contexts, the feasibility of measurement across practical scenarios, and the associated resource and cost implications (12). From a practical point of view, a comprehensive, on-farm multi-criteria welfare assessment can also take a significant amount of time (13). Therefore, it could also be beneficial to create a decision support tool that reduces the number of animal welfare indicators to be measured without losing valuable information on animal welfare.

This concept of iceberg indicators was first defined as: “key welfare indicators that can reflect, or are closely correlated with, a range of other welfare indicators” (14). An iceberg indicator provides an overall assessment of welfare, just as the protruding tip of an iceberg signals its submerged bulk beneath the water’s surface (ibid.). FAWC used the presence of an intact pig tail at slaughter as a simple example. The intact tail indicates the absence of both tail docking and tail biting. This can be taken to infer that the animal’s husbandry and management were managed to a sufficient level to avoid tail biting.

The definition of what constitutes an iceberg indicator in the context of the EFSA risk-based framework is stated in the latest scientific opinions from the AHAW panel. For example, the scientific opinion on broiler welfare stated: “Some of the ABMs are relevant to more than one welfare consequence (iceberg indicators) and can be used for general welfare screening purposes, often used to get an impression of the welfare status of a flock” (15). The scientific opinion on laying hen welfare stated: “Animal-based measures that are relevant to more than one welfare consequence are referred to as ‘iceberg indicators’” (16). The opinion on pig welfare stated: “The animal-based measures that help to identify more than one welfare consequence are preferred. These indicators are commonly referred to as ‘iceberg indicators’” (10).

These definitions highlight the important question of how closely different welfare indicators are correlated. In the development of a decision support tool, it is essential to visualise how welfare measures interact, particularly the connections between animal-based indicators and the environmental factors that influence them (12). Knowledge of such interactions could facilitate the identification of the optimum combination of measures. For example, if a large set of indicators possesses overlapping information (such as related welfare hazards or welfare consequences), it may be possible to identify a smaller set of measures that have the same explanatory power. The RA framework for animal welfare presents an ideal basis on which to analyse and visualise the interactions between welfare hazards, welfare consequences and welfare indicators.

This study used an existing database that collated welfare measurement data from multiple sources, including several EFSA scientific opinions on the welfare of farmed animals. The database included a list of welfare indicators and the associated welfare hazards and welfare consequences. In the present paper, these data were further enriched with categorical metadata on dimensions such as the Impact of welfare consequences, Ease of hazard mitigation, and Ease of indicator use.

The database was used to develop algorithms and compare methods of discovering optimal combinations of welfare indicators while maintaining the link with related hazards and consequences. The objective of the work was to enable users to select combinations of welfare indicators, subject to user-defined constraints/inputs, that meet specific criteria such as reflecting multiple welfare consequences, being easy to deploy, and having the potential to mitigate the most severe impacts of certain welfare hazards.



2 Materials and methods

The research detailed in this paper was conducted in six phases: (1) database building, (2) a proof-of-concept study, (3) development of a greedy algorithm, (4) enhancement of the greedy algorithm using backtracking and branch-and-bound methods and (5) assessment of algorithm functionality and (6) generation of case studies to illustrate how the algorithms could be used in practice. The following sections provide further details on the methodology followed in each phase.


2.1 Database building

In 2022, MatPrat (the Norwegian Egg and Meat Council) catalogued the indicators that are available to measure the welfare of selected food-producing animals in Norwegian systems of production (Table 1). The project aimed to gain insights to focus animal welfare activities, for example, to use in dialogue with the Norwegian industry.


TABLE 1 A description of the species and systems of production represented in the test dataset.


	Species
	Class (e.g., system of production / life-stage)

 

 	Pigs 	Meat pigs


 	 	Pregnant sows - Groups


 	Lactating sows - Pens


 	Unweaned piglets


 	Boars


 	Broiler chickens 	Indoor (with or without veranda)


 	Laying hens 	Laying hens - Aviaries


 	 	Laying hens - Aviaries and free range


 	Dairy cattle 	Tie stalls


 	 	Cubicles


 	Dairy calves 	All


 	Beef cattle 	Adults - Cubicles


 	 	Adults - Tie stalls


 	Beef calves


 	Beef bulls


 	Sheep 	Adults - Outside year-round


 	 	Lambs from outside year-round


 	Adults - Outside/winter housed


 	Lambs from winter housed





For most species, there was more than one class (system of production or life-stage).
 

The main welfare hazards for each species within each housing system were collated through scientific literature reviews. In the case of the EFSA scientific opinions, these welfare hazards were often explicitly listed and could be transcribed directly. For the other sources, these data were extracted through detailed review of the published article. The resulting welfare hazards were then linked to both welfare consequences and welfare indicators. In the case of the EFSA scientific opinions, again, these linkages were often explicitly specified. For the other sources, the linkages were made by two or more welfare experts in the project team. Most data were extracted from a series of EFSA reports (published from 2007 to 2012, and the updated reports from 2022 to 2023) which described the welfare aspects for the main European categories of farmed animals and housing systems. The main data sources are summarised below:

	• Dairy cattle (17–29)

	• Pigs (10, 27, 29–32)

	• Beef cattle (17–22, 26–29, 33–36)

	• Sheep (27, 29, 37, 38)

	• Broiler chickens (15, 29, 33, 39)

	• Laying hens (16, 29)



The database was then supplemented with metadata generated through an elicitation process involving five farm animal welfare experts. This required rating the Impact of welfare consequence (Low or High), Ease of hazard mitigation (Easy, Moderate or Difficult), and Ease of indicator use (Easy, Moderate or Difficult). Where the expert ratings differed, a consensus approach was used to determine the final rating.

As an example, high stocking density was identified as a welfare hazard for growing/finishing pigs. In the database, this welfare hazard was associated with three unique welfare consequences (soft tissue lesions and integument damage; general disruption of behavior, and resting problems). These welfare consequences were associated with eight welfare indicators (body lesions; calluses and bursitis (pressure injuries); ear lesions; impaired social behavior; leg injuries; pig cleanliness; restlessness, and tail lesions). Soft tissue lesions and integument damage was rated as a welfare consequence that has a ‘High’ impact. High stocking density was rated as a hazard that is ‘Easy’ to mitigate, and tail lesions was rated as a welfare indicator that is ‘Easy’ to use.



2.2 Proof-of-concept study and data preparation


2.2.1 Proof-of-concept study

Before proceeding to the creation of the two algorithms, a proof-of-concept study was conducted. This involved exploring the effect of different combinations of indicators on the number of linked welfare consequences. The number of unique combinations of indicators increases exponentially as more indicators are combined, therefore, the approach was validated using a subset of six indicators for broiler chickens and six for laying hens.

The six indicators for each species were selected from the top of a list that was ranked by the number of unique associated welfare consequences. This ranked list was obtained by creating a pivot table in Microsoft Excel of the number of unique (i.e., deduplicated) welfare consequences linked to each indicator. First, the maximal number of unique welfare consequences associated with a combination of all six indicators was calculated (i.e., the target). Then, to identify the simplest (smallest) subset of indicators that were associated with the maximal number of welfare consequences, the number of welfare consequences that were associated with each unique combination of indicators [n = (26–1) = 63] was determined, again, by creating a pivot table in Microsoft Excel.



2.2.2 Algorithm development

Following the proof-of-concept study, two types of algorithms were created: (a) A simple greedy algorithm, which is a method to combine indicators based purely on one or more dimensions, such as the number of associated welfare consequences (e.g., selecting the best iceberg indicators first), and (b) An enhancement of the greedy algorithm using multi-criteria decision analysis (MCDA) involving backtracking (a systematic way of exploring all combinations of indicators to find one or more valid solutions) while employing branch-and-bounds to identify intelligent ‘shortcuts’, effectively guiding the search towards the optimal solution and avoiding unnecessary computations.

Greedy algorithms were first proposed as a method to determine the shortest path or subtree to connect nodes within a network. Early algorithms were used to solve the ‘minimum connector’ or ‘travelling salesman’ problem (40, 41). Greedy algorithms make a locally optimal choice to find a globally optimal solution (56). They are some of the simplest algorithms in combinatorial optimisation and can determine efficiently the solution to many problems (57). While their key advantage is that they are easy to understand and implement, greedy algorithms ignore the possibility that the solution identified may not be the best (i.e., is not the global optimum).

As greedy algorithms may converge on a locally optimal rather than globally optimal solution, an algorithm using branch-and-bound plus backtracking was developed to iteratively enumerate all subsets of (
S
) indicators. The recursive nature of such algorithms allows for exhaustive exploration of indicator subsets while using pruning techniques to discard unfeasible solutions early.

Backtracking is a systematic method for exploring all variants of a solution to find one or more valid solutions. The use of the term backtracking was first attributed to Lehmer in the 1950s (42). Such methods incrementally explore potential solutions and backtrack if a suboptimal variant is discovered. While backtracking can identify the globally optimum solution, the required number of iterations is computationally intensive, and the required number of calculations increases exponentially with the number of branches in the decision tree. For example, the potential number of combinations of a single factor increases from 31 when combining 5 items to 1,048,575 when combining 20 items [n = (2items) – 1]. However, the backtracking method can be enhanced for combinations of a larger number of items using branch-and-bound methods.

The development of branch-and-bound methods is widely attributed to (43). While simple backtracking explores all paths in the search space until a solution is found, branch-and-bound intelligently cuts off (prunes) unproductive paths early in the search, making it much more efficient for optimisation problems. Branch-and-bound uses the power of backtracking to systematically explore solutions while employing bounds to function as intelligent ‘shortcuts’, guiding the search towards the optimal solution and avoiding unnecessary computations.

It was predicted that a greedy algorithm would provide a quick and simple means of discovering and combining iceberg indicators (based on the number of associated welfare consequences for each indicator), but this would have a risk of false solutions (i.e., local maxima). It was further predicted that refinement of the greedy algorithm using backtracking would avoid the selection of false solutions but may increase the compute time to potentially unfeasible levels, so the use of branch-and-bound methods were investigated to limit the required compute time.



2.2.3 Data preprocessing and normalisation

Some data preprocessing and normalisation were necessary to facilitate the development of the algorithms. For example, the dataset contained several data structures containing categorical values (see Table 2).


TABLE 2 A description of the dimensions and levels of measurement in the test dataset for each of the seven focal species of farm animal.


	Type
	Dimensions
	Levels (where applicable)

 

 	Hazards 	Welfare hazards 	


 	Consequences 	Welfare consequences 	


 	Metadata 	Impact of welfare consequence 	Low | High


 	Metadata 	Ease of hazard mitigation 	Easy | Moderate | Difficult


 	Indicators 	Welfare indicators 	


 	Metadata 	Ease of indicator use 	Easy | Moderate | Difficult




 

To enable the use of these data in the data analysis, selected descriptors were first mapped to numerical values. These included Impact of welfare consequence (Low = 1 & High = 2), Ease of hazard mitigation (Easy = 1, Moderate = 2, Difficult = 3), and Ease of indicator use (Easy = 1, Moderate = 2 & Difficult = 3).

For dimensions such as the Impact of welfare consequence, the objective function should increase when its values are numerically higher. In this case, the values were directly added to the objective function. However, for factors such as Ease of indicator use and Ease of hazard mitigation, the objective function should increase when their values are numerically lower. To reflect this, it was necessary to either specify those factors as being negative in the objective function, or subtract values from the number of levels 
transformed valued
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. In the present exercise, the second option was selected (Equations 1–3), which ensured that higher values are always treated as beneficial.



ImpactScore
i

=
(

Impact of welfare consequence
i

)
      (1)



MitigationScore
i

=
(
(
4
+
1
)
−

Ease of hazard mitigation
i

)
      (2)



EasinessScore
i

=
(
(
4
+
1
)
−
Ease of indicator


use
i

)
      (3)

As the primary objective was to optimise the number of unique welfare hazards and/or unique welfare consequences that were linked to a combination of indicators, the Coverage for each indicator (
i
) was calculated (Equations 4, 5).
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      (4)






ConsequenceCoverage
i
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number of unique consequences that indicator covers



      (5)

To ensure that all data could be equitably weighted, each factor was then subjected to a max-min normalisation to scale it within the range {0,…,1}. This transformation also ensured that both HazardCoveragei and ConsequenceCoveragei were expressed as a proportion of the maximum number of hazards and consequences respectively, which enabled them to be equitably weighted (Equation 6).
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2.2.4 Definition of the objective function

Each of the algorithms had at its core an objective function that incorporated all of the factors to be optimised. To enable the separate and interactive weighting of HazardCoveragei and ConsequenceCoveragei, a composite measure for Coverage was calculated, which also incorporated weighting factors (α and β) to adjust the balance as required (Equation 7).
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Additionally, the other dimensions were incorporated into the objective function (e.g., Ease of indicator use, Impact of welfare consequence, and Ease of hazard mitigation). Each factor was separately weighted to enable ‘tuning’ of the objective function in different use-cases (phase 6), (Equation 8).
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α, β, ωcoverage, ωeasiness, ωimpact and ωmitigation are user-defined weighting factors that relate to the relative importance of each constraint. For example, if a user wanted to optimise based only on the number of welfare consequences linked to a combination of indicators, they could set all other weighting factors to zero. This effectively removes those factors from the calculation.

When selecting a combination of indicators 
S
⊆
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1
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…
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MAXindicators
}

the total objective function becomes (Equation 9):
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2.2.5 Development tools

Algorithms were developed using the Python programming language (version 3.13) and Google’s OR-Tools Linear Solver (44). OR-Tools is an open-source module which enables the deployment of linear programming (LP), mixed-integer programming (MIP), Solving Constraint Integer Programmes (SCIP), and other optimisation techniques.




2.3 Development of a greedy algorithm

The greedy algorithm involved the selection of a pre-determined number of welfare indicators from a list of indicators ranked by the size of the objective function (Eqn. 9). For example, if no more than six indicators should be combined, the greedy algorithm selected the indicators with the top 6 highest 

objective
i

 values. The user could predefine the number of indicators to be combined according to their specific use-case (e.g., desired number of indicators ≤ 4).



2.4 Enhanced optimisation algorithm using SCIP

The objective of the enhanced algorithm was to identify combinations of indicators (up to a user-defined maximum number of indicators) that maximise the value of the objective function (i.e., the combination(s) with the largest sum of 

objective
i

). To achieve this, the algorithm was created using the Solving Constraint Integer Programmes (SCIP) component of the OR-Tools Linear Solver module (45).

SCIP is one of the most powerful and versatile solvers for mathematical optimisation, especially in the case of mixed-integer programming (MIP). MIP is a type of mathematical optimisation where some decision variables have categorical values, while others may be continuous (i.e., real numbers). A MIP problem typically involves optimising a linear objective function subject to a set of linear constraints. The inclusion of integer variables allows MIP to model discrete and decision analysis for problems that involve both quantitative allocations and binary or categorical choices. The recursive nature of the algorithm, combined with branch-and-bound pruning and initialisation with a greedy solution, allows for an exhaustive but efficient exploration of indicator subsets. The approach ensures an optimal selection process within the defined constraints while significantly reducing computational overhead.

SCIP solves integer programming problems by combining several algorithms. It starts by solving the LP relaxation and, if the solution is fractional, it applies branch-and-bound: branching on fractional variables to create subproblems, solving relaxations at each node, and using bounds to prune unpromising branches. Backtracking is used to navigate the search tree when dead ends are reached. During its iterations, SCIP employs greedy heuristics to quickly find good feasible solutions, which helps improve pruning efficiency. This intelligent combination of exploration and pruning leads SCIP to the optimal integer solution efficiently.

In the present exercise, the algorithm operated by iterating through a list of candidate indicators, where the ‘value’ of each indicator was determined using the objective function (Eqn.9). At each step, the algorithm evaluated whether an indicator (
i
) could be included in the selection without exceeding the maximum allowable number of indicators set by the user. It explored two recursive branches: one that included the indicator (provided constraints permit) and one that excluded it. The function then backtracked by undoing previous selections to explore alternative combinations. SCIP maintained a global dictionary to store the best solution encountered during execution, updating it whenever a higher-scoring subset was identified (Figure 1).

[image: Flowchart illustrates a decision-making algorithm for selecting indicators within constraints, showing steps to initialize, check feasibility, branch or update solution, backtrack if needed, and terminate when criteria are met.]

FIGURE 1
 An overview of how the enhanced algorithm combined backtracking and branch-and-bound heuristics through SCIP.


To avoid overly lengthy computation times for larger combinations of indicators, an early stopping mechanism was incorporated by introducing a time limit parameter. If the execution time exceeded 10 s, the algorithm halted, returning the best solution identified up to that point. Additionally, progress logging was implemented at regular intervals to facilitate tracking during execution. The early stopping mechanism avoided the algorithm freezing if an overly complex set of parameters were evaluated. Additionally, as the goal was to produce an algorithm that provided solutions within practical time constraints, the early stopping mechanism helped to identify when run times had exceeded a defined threshold.



2.5 Assessment of algorithm functionality

Following the development of the enhanced optimisation algorithm, basic assessments of its performance and behavior were conducted under varying configurations.

First, the weighting applied to Coverage (ωcoverage) was systematically varied to assess how the objective function responded to different configurations. For each level of weighting, the optimisation problem was solved, and the resulting composite objective function score was recorded. This approach enabled the decomposition of the objective function into interpretable elements, allowing direct observation of how each criterion influenced the final optimisation output.

Second, a univariate perturbation analysis was conducted to evaluate the sensitivity of the algorithm to user-defined inputs. For each weighting parameter, controlled shifts (e.g., ±50%) were introduced and the optimisation problem solved repeatedly to observe changes in the selected subset of welfare indicators.



2.6 Creation of case studies

To demonstrate and validate the utility of the optimisation framework, two illustrative hypothetical case studies were developed which targeted distinct user needs: (a) a food business that sought to measure six welfare indicators to demonstrate the year-on-year impact of its activities on improving the welfare of broilers in its supply chain, and (b) an animal welfare certification scheme provider that sought to measure six welfare indicators to demonstrate the welfare status of growing and finishing pigs across certified farms.

Each case study deployed both the simple greedy algorithm and the enhanced algorithm. The case studies were focused on a specific animal species and stakeholder use-case and incorporated a defined set of constraints and priorities. These included fixing the maximum number of indicators to be selected (n = 6), pre-defining different weighting configurations reflecting different prioritisation strategies (e.g., differential emphasis placed on Coverage, Ease of indicator use, Impact of welfare consequence, and Ease of hazard mitigation).

In each case study, the computational performance of the enhanced algorithm was investigated by recording the total runtime for increasingly complex optimisation tasks (increasing the desired number of welfare indicators in the solution). Stability of the optimisation process was further assessed by re-running the same configuration multiple times. To achieve this, the desired number of indicators was increased from 5 to 50 (in 10 steps of 5). At each step, the optimisation was run 15 times, and the mean value and 95% confidence intervals were calculated and plotted. A one-way analysis of variance was used to detect any effect of the number of indicators on computational performance, and linear regression was used to determine the direction and strength of the association between the two variables.

Scenario testing was used to explore how different weighting (prioritisation) strategies influenced the selection of welfare indicators in the enhanced algorithm. The four weighting factors were systematically varied: Coverage, Ease of indicator use, Impact of welfare consequence, and Ease of hazard mitigation. Differential weighting of these factors enabled manipulation of their relative importance in decision-making.

To ensure comparability across scenarios and maintain consistency, the sum of the weights in each scenario was fixed. Several prioritisation scenarios were designed to evaluate plausible real-world use-cases. These included Priority on coverage, Balanced, Priority on ease of indicator use, Priority on impact of welfare consequence, and Priority on ease of hazard mitigation (Table 3). By systematically varying the emphasis placed on each component, the scenario testing provided insight into how different stakeholders might arrive at distinct, yet justifiable, solutions depending on their operational goals and constraints.


TABLE 3 The different scenarios used to evaluate algorithm performance.


	Scenario
	Weight
	Comment



	Coverage
	Ease of indicator use
	Impact of welfare consequence
	Ease of hazard mitigation

 

 	Priority on coverage 	8.0 	0.0 	0.0 	0.0 	Only optimising coverage


 	Balanced 	2.0 	2.0 	2.0 	2.0 	Equal weighting to all factors


 	Priority on ease of indicator use 	5.0 	3.0 	0.0 	0.0 	Favouring indicators that are easy to use


 	Priority on impact of welfare consequence 	5.0 	0.0 	3.0 	0.0 	Favouring consequences that have a large impact on welfare


 	Priority on ease of hazard mitigation 	5.0 	0.0 	0.0 	3.0 	Favouring hazards that are easy to mitigate





The weighting for both α. HazardCoverage and β. ConsequenceCoverage, as part of overall Coverage, was held constant at 0.5, providing an equitable balance between both measures (Equation 8).
 

Robustness testing was used to introduce systematic perturbations in the weighting values within the objective function. This enabled investigations into the leverage that a factor exerted on the objective function. For each species of farm animal, the weighting of Coverage, Ease of indicator use, Impact of welfare consequence and Ease of hazard mitigation was manipulated by a factor of −50%, 0 or 50%, and the impact on the welfare indicators selected was recorded. All weighting factors were initially set at 1.0, except for the one that was to be manipulated. The maximum number of indicators was constrained to 10. Venn diagrams were plotted with values representing the number of shared indicators in each perturbation condition. Large variation in the welfare indicators selected by the algorithm would suggest that the weighting value (and underlying dimension) exerts a leverage on the solution obtained. Conversely, little or no variation in the welfare indicators selected by the algorithm would suggest that the weighting value (and underlying dimension) exerts no leverage on the solution obtained.




3 Results


3.1 Database

The data model was based on the RA framework developed by the European Food Safety Authority (EFSA) to describe welfare hazards, their linked welfare consequences, and the range of available welfare indicators. Data were extracted for key farmed animal species and relevant housing systems (published by EFSA between 2007 and 2012, and from the updated reports in 2022–2023). These data were supplemented with information from other scientific sources.

After data capture, the database contained 382 unique welfare indicators across a variety of farm animals dairy cows (n = 54); dairy calves (n = 51); pigs (n = 92); beef cattle (n = 48); broiler chickens (n = 53); laying hens (n = 42); and sheep (n = 42).



3.2 Proof-of -concept studies


3.2.1 Broiler chickens

The top 6 welfare indicators for broiler chickens (ranked by the number of welfare consequences) were: (A) Injurious pecking, (B) Plumage damage, (C) Lethargy, (D) Footpad dermatitis, (E) Feather and body dirtiness, and (F) Walking impairment.

A combination of all six indicators was linked to a maximum of 18 welfare hazards and 9 consequences for broiler chickens. It was found that two combinations of four indicators explained the same number of welfare hazards and consequences as a combination of all six indicators (Table 4).


TABLE 4 A matrix indicating all possible unique combinations of six welfare indicators [n = (26–1) = 63].


	Number of indicators in combination



	1
	2
	3
	4
	5
	6 (all)

 

 	A 	AB 	ABC 	ABCD 	ABCDE 	ABCDEF


 	B 	AC 	ABD 	ABCE 	ABCDF 	


 	C 	AD 	ABE 	ABCF 	ABCEF 	


 	D 	AE 	ABF 	ABDE 	ABDEF 	


 	E 	AF 	ACD 	ABDF 	ACDEF 	


 	F 	BC 	ACE 	ABEF 	BCDEF 	


 	 	BD 	ACF 	ACDE 	 	


 	 	BE 	ADE 	ACDF 	 	


 	 	BF 	ADF 	ACEF 	 	


 	 	CD 	AEF 	ADEF 	 	


 	 	CE 	BCD 	BCDE 	 	


 	 	CF 	BCE 	BCDF 	 	


 	 	DE 	BCF 	BCEF 	 	


 	 	DF 	BDE 	BDEF 	 	


 	 	EF 	BDF 	CDEF 	 	


 	 	 	BEF 	 	 	


 	 	 	CDE 	 	 	


 	 	 	CDF 	 	 	


 	 	 	CEF 	 	 	


 	 	 	DEF 	 	 	





Shaded cells indicate the combinations that were linked to the same number of welfare hazards and consequences as a combination of all six indicators for broiler chickens.
 

The proof-of-concept study for broiler chickens showed that the same welfare hazards and consequences can be explained more simply by measuring just four indicators: lethargy, feather and body dirtiness, walking impairment (C, E, and F), and either injurious pecking (A) or plumage damage (B) instead of using all six indicators.

The solution identified for broiler chickens highlights an important feature that may be relevant to other decision support tools. It is possible to arrive at multiple, equally valid solutions. This raises the possibility of selecting among them based on additional factors such as ease of use, time required, or cost.



3.2.2 Laying hens

The top 6 indicators for laying hens (ranked by the number of welfare consequences) were: (A) Plumage damage, (B) Injurious pecking, (C) Bruises, (D) Beak shape and length, (E) Pecking wounds to the back, vent and tail, and (F) Flock records (death due to pecking wounds).

Using all six indicators explained a maximum of 14 welfare hazards and 6 consequences for laying hens. It was found that there was one combination of three indicators that explained the same number of welfare hazards and consequences as a combination of all six indicators (Table 5).


TABLE 5 A matrix indicating all possible unique combinations of six welfare indicators [n = (26–1) = 63].


	Number of indicators in combination



	1
	2
	3
	4
	5
	6 (all)

 

 	A 	AB 	ABC 	ABCD 	ABCDE 	ABCDEF


 	B 	AC 	ABD 	ABCE 	ABCDF 	


 	C 	AD 	ABE 	ABCF 	ABCEF 	


 	D 	AE 	ABF 	ABDE 	ABDEF 	


 	E 	AF 	ACD 	ABDF 	ACDEF 	


 	F 	BC 	ACE 	ABEF 	BCDEF 	


 	 	BD 	ACF 	ACDE 	 	


 	 	BE 	ADE 	ACDF 	 	


 	 	BF 	ADF 	ACEF 	 	


 	 	CD 	AEF 	ADEF 	 	


 	 	CE 	BCD 	BCDE 	 	


 	 	CF 	BCE 	BCDF 	 	


 	 	DE 	BCF 	BCEF 	 	


 	 	DF 	BDE 	BDEF 	 	


 	 	EF 	BDF 	CDEF 	 	


 	 	 	BEF 	 	 	


 	 	 	CDE 	 	 	


 	 	 	CDF 	 	 	


 	 	 	CEF 	 	 	


 	 	 	DEF 	 	 	





Shaded cells indicate the combinations that were linked to the same number of welfare hazards and consequences as a combination of all six indicators for laying hens.
 

The proof-of-concept study for laying hens showed that the same welfare consequences can be explained more simply by measuring just three indicators: plumage damage (A), injurious pecking (B) and flock records (death due to pecking wounds) (F) instead of using all six indicators.




3.3 Greedy algorithm

It was hypothesised that animal welfare indicators vary in their Coverage, forming a continuum from ‘broad’ (those linked to a large number of welfare hazards and consequences) to ‘narrow’ (those only linked to a few welfare hazards and consequences). Consequently, it was expected that efforts to maximise the number of unique welfare hazards or consequences captured by combining multiple indicators would exhibit diminishing returns. For example, the first few indicators selected would contribute substantially to overall Coverage, while each additional indicator would contribute progressively less. As a result, when applying a greedy algorithm to optimise indicator selection, it was predicted that a saturating exponential relationship would exist between the number of indicators included and the cumulative Coverage achieved.

To investigate this prediction, the relationship between the number of indicators included and the cumulative Coverage (expressed as a percentage of the total) achieved was plotted. Three dimensions of Coverage were considered: (1) welfare consequences, (2) welfare hazards, and (3) welfare hazards x welfare consequences (‘combination space’) for each species of farm animal (Figures 2A–G). The result showed that for each of the three dimensions, the cumulative percentage Coverage exhibited a saturating exponential function as more indicators were combined. Each plot also contained distinctive ‘plateaus’ where the ‘greedy’ addition of the next-best welfare indicator did not add any new Coverage to the existing combination.

[image: Seven line graphs, labeled A to G, compare cumulative welfare coverage for beef, broilers, dairy calves, dairy cows, laying hens, pigs, and sheep using three types of indicators: consequences, hazards, and combined. Each panel plots cumulative percentage coverage on the y-axis against the number of indicators on the x-axis, with individual curves for each indicator type. All animal categories show increasing coverage with more indicators, with combined indicators typically achieving the highest cumulative coverage across all species.]

FIGURE 2
 The relationships between the number of indicators combined and cumulative percentage of: a. welfare hazards, b. welfare consequences, and c. welfare hazards x welfare consequences (combination space) explained for: (A) Beef cattle, (B) Broiler chickens, (C) Dairy calves, (D) Dairy cows, (E) Laying hens, (F) Pigs, and (G) Sheep. Indicators were added using greedy heuristics.


The existence of ‘plateaus’ in the cumulative plots illustrates where greedy algorithms can select a false optimum. To further elaborate, the case of a user who seeks to find the combination of 10 welfare indicators that maximises the number of associated welfare consequences for dairy calves was considered (Figure 3A). A greedy algorithm would select the top 10 welfare indicators ranked by the number of linked welfare consequences (in this example, explaining approximately 56% of all potential welfare consequences). In contrast, an algorithm using branch-and-bound and backtracking methods would only select the next welfare indicator in the ranked list if it added additional (new) welfare consequences to the solution (in this example, explaining approximately 83% of all potential welfare consequences; Figure 3B). Therefore, to ensure that the final tool developed avoided falsely selecting indicators that did not expand Coverage, the project progressed immediately to develop a full algorithm using branch-and-bound methods and backtracking because such algorithms can efficiently identify the true optimum combination.

[image: Two line graphs titled "Cumulative Welfare Coverage: Dairy calves" compare cumulative percent coverage against the number of indicators. Panel A shows coverage plateauing at about 60 percent after ten indicators, highlighted by red points, with black lines marking this threshold. Panel B shows a faster rise to approximately 80 percent coverage at around twenty indicators, indicated by red points and boxed by black lines. Both graphs use blue circles to denote individual data points and have legends labeling the series as "Consequences."]

FIGURE 3
 The illustrated use-case only seeks to maximise the number of unique welfare consequences associated with the selection of 10 welfare indicators for dairy calves. (A) The greedy algorithm erroneously selects indicators that add no additional coverage (plateaus) whereas (B) an algorithm using branch-and-bound methods with backtracking finds the optimum solution.




3.4 Enhanced optimisation algorithm using SCIP


3.4.1 Objective function performance

The objective function exhibited a saturating exponential function as the number of selected indicators increased (Supplementary material 1), consistent with diminishing marginal gains in the objective value. In contrast to the stepwise pattern characteristic of the greedy algorithm, the optimisation-based approach yielded a continuous, monotonic increase because indicators were only added when they increased the objective function (i.e., there were no ‘plateaus’).

The shape of this relationship varied by species. For example, the curve for pigs had a higher asymptotic value, resulting from the greater number and diversity of available indicators for this species. The curvature of the function resulted from the relative proportion of ‘broad’ versus ‘narrow’ indicators. A higher proportion of ‘broad’ indicators produced a steeper initial gradient, which is indicative of rapid gains from broadly applicable measures, whereas a predominance of ‘narrow’ indicators led to a more gradual approach to the asymptote due to small incremental improvements from narrowly targeted measures at higher indicator counts.



3.4.2 Solution stability and sensitivity

The composition of the objective function shifted predictably in response to increases in the weighting of Coverage (ωcoverage), with increased contribution from the amplified dimension and a corresponding reduction from others (Supplementary material 2).

These shifts did not destabilise the optimisation process or yield spurious results (e.g., selection collapse or invalid solutions), indicating that the enhanced algorithm tolerated moderate tuning of user-defined priorities without losing solution quality.



3.4.3 Computational efficiency

Tests of computation efficiency were conducted to ensure that the tools would find optimal solutions within a short time limit. For all species of farm animal, it was found that even solutions involving combinations of up to 50 indicators were calculated in less than 200 milliseconds. The early stopping mechanism was not activated in any runs of the algorithm.

Increasing the desired number of indicators in the solution from 5 to 50 (in 10 steps of 5) had no detectible significant effect on the runtime required to obtain a solution for any farm animal species {mean values (ms) across 15 runs: 75.27 [95% CI (74.54, 76.00)] for Beef cattle, 85.97 [95% CI (84.91, 87.03)] for Broilers, 83.27 [95% CI (81.50, 85.03)] for Dairy calves, 87.50 [95% CI (85.49, 89.50)] for Dairy cows, 70.11 [95% CI (68.68, 71.54)] for Laying hens, 132.82 [95% CI (129.97, 135.66)] for Pigs, and 73.04 [95% CI (72.05, 74.04)] for Sheep}.

The longer runtimes observed for pigs arose because of the larger number of indicators identified for this species (92 indicators for pigs vs. a range of 42–54 indicators for the other species).




3.5 Case study: broilers

The hypothetical user was a food business that wanted to measure six welfare indicators to demonstrate the year-on-year impact of its management of the welfare of broilers in its supply chain. The sustainability team of the business sought to work on welfare hazards that had the largest impact on bird welfare and that were easy to mitigate. Furthermore, they only wanted to adopt welfare indicators that were easy to use.


3.5.1 Application of the greedy algorithm

The simple greedy algorithm operating on a ranked list of welfare hazard Coverage enabled the selection of six welfare indicators that were linked to 17 of the 26 unique welfare hazards (65.4%) and 8 of the 20 unique welfare consequences (40.0%) in Coverage space (Supplementary material 3).

However, it was evident that while injurious pecking and bruises were associated with a relatively large number of welfare hazards and welfare consequences, they did not contribute any new hazards to the cumulative pool if plumage damage were to be selected first.

Consequently, the sustainability team applied the enhanced algorithm to identify the actual optimum (and avoid the selection of duplicate hazards and consequences).



3.5.2 Enhanced algorithm using SCIP

The enhanced algorithm was applied with weighting factors prioritising Coverage but also optimising Ease of indicator use, and Impact of welfare consequence, and Ease of hazard mitigation.

The enhanced algorithm selected a different set of six welfare indicators. These were linked to 17 of the 26 unique welfare hazards (65.4%) and 8 of the 20 unique welfare consequences (40.0%) in Coverage space (Table 6). While the number of associated welfare hazards and welfare consequences did not change from the greedy solution, the enhanced algorithm substituted two of the originally selected indicators (injurious pecking and bruises) for alternatives (wounds and hockburn). These replacements offered equivalent or greater overall utility when all weighted criteria were considered.


TABLE 6 The six welfare indicators for broilers that optimise the combination of: (1) Coverage (welfare hazards and consequences), (2) Impact of welfare consequence, (3) Ease of hazard mitigation, and (4) Ease of indicator use.


	Welfare indicator
	Hazard coverage (% of total)
	Consequence coverage (% total)
	Impact of welfare consequence (n)
	Ease of hazard mitigation (n)
	Ease of indicator use

 

 	Retained from the original greedy algorithm


 	Plumage damage 	38.5% 	15.0% 	Low (2) & High (9) 	Easy (5), Moderate (4) & Difficult (2) 	Easy


 	Lethargy 	30.8% 	15.0% 	Low (7) & High (2) 	Easy (3) & Difficult (6) 	Easy


 	Footpad dermatitis 	23.1% 	15.0% 	High (6) 	Easy (2), Moderate (2) & Difficult (2) 	Easy


 	Feather and body dirtiness 	19.2% 	15.0% 	Low (4) & High (1) 	Easy (2), Moderate (2) & Difficult (1) 	Easy


 	Removed


 	Injurious pecking 	34.6% 	15.0% 	Low (2) & High (9) 	Easy (5), Moderate (4) & Difficult (2) 	Moderate


 	Bruises 	34.6% 	5.0% 	High (9) 	Easy (4), Moderate (3) & Difficult (2) 	Moderate


 	Added


 	Wounds 	19.2% 	10.0% 	High (7) 	Easy (4), Moderate (1) & Difficult (2) 	Easy


 	Hockburn 	15.4% 	10.0% 	High (4) 	Easy (2), Moderate (1) & Difficult (1) 	Easy





Weighting factors were set to favour coverage and equally balance the other three factors in the decision set (ωcoverage = 5 (α. HazardCoverage = 0.5 + β. ConsequenceCoverage = 0.5), ωeasiness = 1, ωimpact = 1 and ωmitigation = 1). The welfare indicators listed under ‘Removed’ are excluded from the greedy solution and are replaced by those listed under ‘Added’.
 



3.5.3 Computational efficiency

The mean computation time for the enhanced algorithm remained consistently low for all combinations of indicators evaluated. There was no detectible significant effect on the runtime to obtain a solution as the desired number of indicators was increased from 5 to 50 [F(9,140) = 0.7061; NS]. The mean runtime was 91.71 ms [95% CI (89.85, 93.57)]. Although there was some variability, especially at lower indicator numbers, the 95% confidence intervals were narrow and overlapped, indicating no significant change in compute time. The linear trend line had a slight positive gradient, but the slope was minimal, and the confidence band was narrow, suggesting that the algorithm scaled efficiently with increasing problem size (Supplementary material 4).



3.5.4 Scenario analysis

For broilers, the degree to which the elements of the objective function were weighted was important. For example, was it more important to maximise the breadth of hazard and consequence Coverage, or to favour indicators that were easier to implement on-farm and target welfare issues that are both impactful and readily mitigated? Adjusting these weights altered the optimisation landscape and shifted the selected indicator set significantly (Figure 4).

[image: Horizontal bar chart titled "Objective Function Performance - Broilers" compares five scenarios: Balanced, Priority on coverage, Priority on impact of welfare hazard, Priority on ease of indicator use, and Priority on ease of hazard mitigation. Objective (S) scores range from about 30 to 40, with "Priority on ease of indicator use" showing the highest value and "Priority on coverage" the lowest.]

FIGURE 4
 Objective function performance across different weighting scenarios for broilers. Bars represent the final objective score (S) achieved under each scenario, reflecting the combined value of selected indicators based on their contribution to coverage, impact, and feasibility dimensions. The “Balanced” scenario applies equal weighting to all criteria, while the others apply increased weighting to a specific aspect of interest.




3.5.5 Robustness testing

Substantial perturbations in weighting factors did not result in any major changes in the selection of welfare indicators for broilers (Supplemental material 4). This suggests that the solution space is stable across a range of input preferences, and that small or even moderate deviations in how indicators are weighted do not result in radically different outcomes. This provides confidence in the reliability and predictive consistency of the model.




3.6 Case study: growing/finishing pigs

The user is an animal welfare certification scheme provider that wants to measure six welfare indicators to demonstrate the welfare status of growing and finishing pigs across third-party certified farms. Their goal is to ensure that selected indicators are both scientifically robust and feasible to implement during periodic assessments. Specifically, they seek indicators that are able to cover a broad range of welfare hazards and consequences; address high-impact risks to animal welfare; are practical to assess during on-farm audits and focus on hazards that are realistically mitigable.


3.6.1 Application of the greedy algorithm

A simple greedy algorithm operating on a ranked list of welfare hazard Coverage enabled the selection of six welfare indicators that were linked to 27 of the 58 unique welfare hazards (46.6%) and 7 of the 16 unique welfare consequences (43.8%) in Coverage space (Supplementary material 5).



3.6.2 Enhanced algorithm

In contrast to the broiler case study, the enhanced optimisation method using branch-and-bound with backtracking produced the same indicator set, confirming that the greedy solution was, in this case, also globally optimal given the input criteria and weights.

The algorithm suggested the selection of six welfare indicators that were also linked to 27 of the 58 unique welfare hazards (46.6%) and 7 of the 16 unique welfare consequences (43.8%) in Coverage space (Table 7). While these indicators were the same as the set determined by the greedy algorithm (i.e., none were added or removed), the use of the enhanced algorithm still added value because it validated the result under a multi-dimensional objective function and provided insight into why each indicator was selected as it also quantified its contribution to Coverage, Ease of indicator use, Impact of welfare consequence, and Ease of hazard mitigation.


TABLE 7 The six welfare indicators that optimise the combination of: (1) Coverage, (2) Impact of welfare consequence, (3) Ease of hazard mitigation, and (4) Ease of indicator use for meat pigs.


	Welfare indicator
	Hazard coverage
	Consequence coverage
	Impact of welfare consequence
	Ease of hazard mitigation
	Ease of indicator use

 

 	Retained from the original greedy algorithm


 	Calluses and bursitis (pressure injuries) 	31.0% 	25.0% 	High (22) 	Easy (7), Moderate (11) & Difficult (4) 	Easy


 	Body condition 	24.1% 	12.5% 	Low (9) & High (5) 	Easy (6), Moderate (7) & Difficult (1) 	Moderate


 	Ear lesions 	22.4% 	12.5% 	Low (1) & High (13) 	Easy (6), Moderate (7) & Difficult (1) 	Easy


 	Tail lesions 	22.4% 	12.5% 	Low (1) & High (13) 	Easy (6), Moderate (7) & Difficult (1) 	Easy


 	Body lesions 	20.7% 	6.3% 	High (12) 	Easy (4), Moderate (7) & Difficult (1) 	Easy


 	Leg injuries 	20.7% 	6.3% 	High (14) 	Easy (5), Moderate (6) & Difficult (1) 	Easy





Weighting factors were set to favour coverage and equally balance the other three factors in the decision set (ωcoverage = 5 (α. HazardCoverage = 0.5 + β. ConsequenceCoverage = 0.5), ωeasiness = 1, ωimpact = 1 and ωmitigation = 1). No welfare indicators were added or removed from the greedy solution.
 

Furthermore, analysis of the solution space revealed that each selected indicator contributed uniquely to the objective function. No indicator was redundant, and no alternative set achieved a higher composite score under the defined constraints. This reinforced confidence in the selection and demonstrated the algorithm’s robustness for applications where audit efficiency, Coverage, and welfare relevance must all be balanced.



3.6.3 Computational efficiency

The mean computation time for the enhanced algorithm remained consistently low for all combinations of indicators evaluated. There was no detectible significant effect on the runtime to obtain a solution as the desired number of indicators was increased from 5 to 50 [F(9,140) = 0.7648; NS]. The mean runtime was 82.51 ms [95% CI (81.34, 83.69)]. The linear trend is flat, with an almost negligible slope and a tightly bounded confidence band, confirming that computational load does not appreciably increase with problem size. Compared to broilers, the computation times for meat pigs are slightly more consistent and show less variability across indicator counts, suggesting even more uniform performance of the algorithm in this context (Supplementary material 6).



3.6.4 Scenario analysis

For meat pigs, the degree to which the elements of the objective function were weighted was again important. Adjusting these weights altered the optimisation landscape and modified the selected indicator set significantly (Figure 5). The “Priority on ease of indicator use” scenario produced the highest objective score, whereas “Priority on ease of hazard mitigation” resulted in the lowest, indicating trade-offs between dimensions when emphasising specific priorities.

[image: Horizontal bar chart comparing five scenarios for meat pigs: Balanced, Priority on coverage, Priority on impact of welfare hazard, Priority on ease of indicator use, and Priority on ease of hazard mitigation. The Balanced scenario has the highest objective score near 40, while Priority on ease of hazard mitigation has the lowest, just under 30. The x-axis is labeled Objective (S) and the y-axis is labeled Scenarios, with unique hatch patterns distinguishing each bar.]

FIGURE 5
 Objective function performance across different weighting scenarios for meat pigs. Bars represent the final objective score (S) achieved under each scenario, reflecting the combined value of selected indicators based on their contribution to coverage, impact, and feasibility dimensions. The “Balanced” scenario applies equal weighting to all criteria, while the others apply increased weighting to a specific aspect of interest.




3.6.5 Robustness testing

Substantial perturbations in weighting factors did not result in any major changes in the selection of welfare indicators for meat pigs (Supplementary material 6). This again suggested that the solution space was stable across a range of input preferences, and that small or even moderate deviations in how indicators are weighted did not result in radically different outcomes. This provided further confidence in the reliability and predictive consistency of the algorithm’s output.

This case study illustrated how the optimisation framework can support certification bodies in defining concise, evidence-based indicator sets that are aligned with both scientific principles and operational feasibility.





4 Discussion

The study presented in this paper aimed to develop and compare tools to discover optimal combinations of welfare indicators using multi-criteria decision analysis (MCDA). Two algorithms were developed: (a) a simple greedy algorithm, (b) an enhancement of the greedy algorithm using SCIP, which identified the global optimum using branch-and-bound methods and backtracking. Both algorithms were evaluated using a database that was populated with information from the European Food Safety Authority AHAW panel’s risk-based assessments of animal welfare and other published literature for multiple species of farm animals. The ultimate objective was to enable users to select combinations of welfare indicators that are both effective in detecting the most serious welfare hazards, measure their consequences, and mitigate the impact of such consequences using indicators that are straightforward to implement in real-world monitoring programmes.


4.1 Moving beyond iceberg indicators

The approaches developed in the present study build on the concept of iceberg indicators because of their ability to serve as proxy measures for multiple underlying welfare consequences and welfare hazards. The Coverage construct was used to quantify the number of welfare hazards and/or welfare consequences that were associated with each indicator. Consistent with the concept of iceberg indicators, it was found that some indicators were linked to only a few welfare hazards and/or consequences (i.e., were ‘narrow’ in Coverage and had a low level of ‘icebergyness’), whereas others were linked to more (i.e., were ‘broad’ in Coverage and had a higher level of ‘icebergyness’). This is consistent with EFSA’s methodological guidance for developing welfare opinions, where the term specificity of an ABM refers to its ability to identify animals that are not experiencing a particular welfare consequence and, by extension, those that are (46). In this context, iceberg indicators can be viewed as being analogous to ‘broad’ indicators. It is noted, however, that without reference to metadata such as sensitivity the use of Coverage alone may lead to the omission of ‘narrow’ indicators that are linked to a welfare consequence that has a large impact on the welfare of the animals.

It was found that some indicators shared a large number of common welfare hazards and welfare consequences. This observation is not new. The Welfare Quality® project commented that some measures may be linked to several welfare dimensions (47). To make an overall assessment of animal welfare, they proposed to select measures (indicators) using weighted sums and comparison with minimal requirements and further evaluation of the precision with which they could be deployed. In later studies, attempts to reduce the number of indicators to focus on certain iceberg indicators for welfare assessment explored techniques such as partial least square structural equation modelling, where measurable indicators that explain the highest variance in the latent variables (e.g., animal welfare) are included in the models (48). The present research is also based on the assertion that welfare indicators share Coverage to varying degrees. However, the ways in which indicators with common (shared) welfare hazards and welfare consequences are treated are managed differently by the two algorithms. When operating only on Coverage, the greedy algorithm merely selects indicators in ranked order and, in doing so, it potentially suggests combinations that have overlapping welfare hazards and/or welfare consequences (i.e., it does not account for marginal gains in Coverage). In contrast, the enhanced algorithm only adds a welfare indicator to the solution when there is a demonstrable increase in the full objective function, thereby avoiding duplications in Coverage.

During the development of the greedy algorithm, the notion of ‘combination space’ was explored briefly as both a conceptual and computational construct. This construct mapped the unique pairings of welfare hazards and consequences linked to each indicator. In plots of cumulative Coverage of ‘combination space’ using the greedy algorithm, greater resolution was observed than in approaches that consider hazards or consequences independently (fewer plateaus arose from duplications in Coverage). Analysis within ‘combination space’ makes it possible to assess each indicator’s unique contribution, including whether it captures novel hazard-consequence associations that would otherwise remain undetected. This possibility was not pursued further within the present exercise, as the goal of the enhanced algorithm was to enable welfare hazards and consequences to be weighted differentially by the user. However, the selection of combinations of indicators within ‘combination space’ using the enhanced algorithm remains potentially worthy of further investigation. In doing so, the method could enable finer differentiation between indicators and provide a more accurate reflection of the integrated risk model proposed by EFSA, which considers both the nature of the hazard and the most relevant welfare consequences for each species.



4.2 Method development

The proof-of-concept study applied to datasets for broiler chickens and laying hens demonstrated that small, strategically chosen subsets of indicators could match or exceed the explanatory power of much larger combinations of indicators. This outcome has practical significance, suggesting that welfare monitoring protocols can be streamlined without compromising scientific integrity. This could be especially valuable in resource-constrained settings. It should be noted however, that the definition of success will depend on the desired/target level of Coverage.

While the greedy algorithm was fast and transparent in its operation, it was prone to include indicators that added no additional explanatory power to the existing combination. In contrast, the enhanced algorithm permits users to prioritise attributes such as Coverage, Ease of indicator use, Impact of welfare consequence, and Ease of hazard mitigation independently. This enabled the tailoring of indicator selection to specific use-cases. As these weights could be ‘tuned’ by the user, the algorithm did not impose a fixed hierarchy. This could allow decision-makers to explore trade-offs and impose different priorities in the optimisation process. For example, it is well known that some indicators require a significant amount of time to measure. In practice, this may make them unfeasible to use within a time-bound farm visit (49) and the ability to adapt priorities will help to reconcile such trade-offs between scientific precision and practical feasibility. For example, indicators offering broad levels of Coverage may be expensive or complex to apply routinely, while simpler indicators may fail to capture important welfare hazards and welfare consequences.

The broiler chicken case study provided a clear illustration of this issue. The greedy algorithm selected indicators with strong individual Coverage but limited incremental value, as many covered overlapping risks. In contrast, the enhanced algorithm selected sets that replaced redundant indicators with those offering better trade-offs between Coverage, Ease of indicator use, Impact of welfare consequence, and Ease of hazard mitigation potential. This supports the increasing recognition that multi-criteria decision analysis (MCDA) could be a valuable tool in animal welfare science, as highlighted in recent literature advocating for structured decision support in ethically and logistically complex contexts (50–52).



4.3 Determining weighting values

Selecting appropriate weights remains a complex task. The present paper highlights similarities with weighting challenges experienced in other sectors employing MCDA tools (53). Without systematic methods for weight assignment, such as stakeholder elicitation or performance-based calibration, there is a risk that choices may appear arbitrary. For real-world implementation, it may be necessary to engage stakeholders in structured processes to derive weightings in a transparent and reproducible way. In doing so, it must be acknowledged that stakeholders may assign different weighting values for their particular use-case. For example, the competent authority in an individual Member State of the European Union may weight ease of indicator use differently to the policymakers who formulate the underlying legislation against which farming practices are regulated. Further dialogue and research may be necessary to define a suitable process for weighting the selection of welfare indicators. However, several methods have been documented in relation to human healthcare which may provide further insights when developing a process. A review can be found in a report published by the MCDA Emerging Good Practices Task Force of the International Society for Pharmacoeconomics and Outcomes Research (54).

In this study, several hypothetical weighting scenarios were evaluated to model different decision-making contexts, including Best-case, Severity- and Mitigation-focused strategies. These were useful for demonstrating the sensitivity of the optimisation output to changes in user priorities. While the choice of weights influenced which indicators were selected, the number of indicators requested proved to be the most significant driver of overall Coverage which increased rapidly with the first few indicators, but then slowly plateaued. This implies that adding indicators beyond a certain number offer diminishing returns in terms of added welfare information.

While univariate analyses illustrate which single criteria are most influential, examining one weight at a time masks interactive effects that may exist between selection criteria (e.g., Coverage × Ease of use). For example, simultaneously increasing ωcoverage and decreasing ωeasiness could lead to quite different outcomes compared with when altering a single weight in isolation. As a result, univariate assessments may underestimate instability if the objective function only shows sensitivity when multiple weights are perturbed together.

Multivariate analyses could provide a more realistic assessment of stability. Decision making rarely involves modifying the weight of a single selection criterion in isolation. The exploration of combined weight changes would allow for the identification of threshold effects or nonlinearities that may not be apparent with univariate approaches. For example, a set of indicators might remain stable under adjustments to individual weights but alter substantially when two or more weights are perturbed together. Such behavior signals potential instability in the optimisation, and small but coordinated changes in stakeholder priorities could yield markedly different solutions. Recognising and quantifying these regions of instability is important, both for gauging the reliability of the indicator set and for ensuring that the optimisation is not unduly sensitive to subjective weight assignments.

Although a full multivariate sensitivity analysis lies outside of the scope of the present study, the univariate analyses reported offers a first step to illustrate how shifts in weighting values affect outcomes of the optimisation. Future work should extend this approach to explore nonlinear interactions and robustness under simultaneous perturbations of multiple weights.



4.4 Assessing performance

To assess performance, results from the greedy algorithm were compared with those from the enhanced algorithm. In many cases, the greedy method plateaued early because the most informative indicators were selected first. Thereafter, newly added indicators failed to expand Coverage due to redundancy. This behavior revealed the non-additive nature of information across indicators and highlighted inherent inefficiencies in naïve selection strategies. The enhanced algorithm was better able to consider duplication in Coverage between indicators to overcome this limitation. It was able to identify indicator sets where the combined contribution was maximised, even when individual indicators had modest standalone scores. Crucially, this improved accuracy was not associated with a large increase in computational overhead. All optimisation tasks were completed in less than 0.2 s, even with real-world data, suggesting that the method is suitable for immediate deployment in interactive decision support tools.

While the enhanced algorithm demonstrated strong computational performance for the current dataset, further work is required to explore how runtime will scale with larger or more complex sets of indicators and selection criteria (e.g., creating trade-off curves for runtime vs. complexity). It is likely that runtimes will not be directly proportional to complexity because of the potential for ‘computational thresholds’ where compute time could rise disproportionately. Investigating such scaling effects is important if the approach is to be applied to larger databases or refined by incorporating more selection criteria. Furthermore, performance is also of relevance to decision-making because the algorithms will require alignment with the priorities of different stakeholder groups (such as veterinarians, auditors, or policymakers). The degree to which algorithms respond to this diversity is therefore an important dimension of performance in its own right. Systematic scenario testing can help ensure that results remain credible and interpretable across multiple stakeholder use-cases. More in-depth scenario testing would also help to further refine the algorithms (where necessary) and support the deployment of the method in practice.



4.5 Strengths and weaknesses of the approach(es)

A key strength of the enhanced algorithm is its flexibility to balance the evidence-based categorisation of welfare indicators with their operational feasibility. A further strength is its ability to generate stable solutions across a wide range of use-cases. This stability is valuable, as it enhances trust in the optimisation results and reduces the likelihood that small variations in stakeholder priorities will produce radically different outputs. However, excessive stability could be a weakness if it prevents the optimisation from capturing the expected diversity in perspectives. Finding an appropriate balance between robustness and flexibility remains a key consideration for future applications, particularly in participatory settings where stakeholders may wish to explore how their priorities translate into different indicator sets.

In the present paper, certain indicators continue to be selected regardless of substantial changes in weighting. This may imply that these indicators offer intrinsically high utility across multidimensions and either reflect strong underlying linkages to key welfare hazards and consequences, or a combination of feasibility and explanatory power that makes them consistently optimal. However, the limited impact of weight perturbations may also reflect redundancy among candidate indicators, where several alternatives offer similar levels of utility. In such cases, the enhanced algorithm may converge on a subset of equally acceptable solutions that differ little in Coverage or score, even under varying conditions (as observed in the broiler chicken proof-of-concept study).

If optimisation outcomes are not overly sensitive to changes in the weighting inputs, this can facilitate consensus-building among stakeholders with differing priorities. It suggests that diverse viewpoints may still lead to convergent solutions, supporting broader adoption of welfare monitoring tools. Moreover, it implies that implementation decisions can be made with less risk of error from minor misjudgements or variations in assigned priorities. Alternatively, the absence of observable differences may indicate limited sensitivity in the weighting system, especially if weights are applied to ordinal metadata (e.g., ‘Easy’, ‘Moderate’, ‘Difficult’). In such cases, large changes in weight values may still result in minimal shifts in the objective function because of discrete scoring steps. This points to a methodological limitation, where finer granularity in input data or a more continuous scoring system might be needed to detect more subtle trade-offs.

The approach aligns with discussions about the trade-offs between accuracy and ability to implement welfare indicators in animal welfare science (1). For instance, high-Coverage indicators may be too complex or costly to assess routinely, while easier-to-use indicators may miss critical welfare dimensions. However, one notable constraint in this study was the use of categorical metadata to describe attributes such as Ease of indicator use or Ease of hazard mitigation. These were expressed using ordinal scales (such as Easy, Moderate or Difficult), which, while easy to interpret, reduce the resolution of the objective function. In practice, this meant that many indicators received the same weighted contribution and became indistinguishable in optimisation outputs. This often resulted in the identification of multiple equivalently optimal indicator sets, where several combinations achieved the same overall score.

While this ambiguity does not reduce the total welfare information captured, it highlights a methodological limitation. Specifically, ordinal data can reduce the discriminatory power of the model, which may in turn limit the precision of the final output. Future applications would benefit from a more standardised scoring system across expert panels or finer-grained input values derived from empirical evidence. The use of visual analogue scales also holds great potential in this regard, as they generate continuous data and provide an objective means of identifying disagreement between experts during an elicitation exercise (e.g., when the inter-expert variability exceeds a predefined threshold).

Another issue concerns the interpretability of the output. Sensitivity and scenario analyses may help to improve transparency by revealing how the selection of indicators depends on the weighting of the selection criteria. However, if too many use-cases are investigated, the resulting complexity risks overwhelming end-users who may not be familiar with optimisation methods. The challenge is to ensure that the analysis remains sufficiently transparent to inspire confidence, while avoiding excessive technical detail that could mask the main messages for decision-makers. Clear communication of optimisation outcomes will be of central importance. One strategy is to use ‘envelopes’, where results are reported as the proportion of scenarios in which a given indicator is selected (e.g., “Indicator X appeared in >80% of runs”). This communication strategy avoids the presentation of multiple optimal solutions and presents a single measure of consistency across potential scenarios. This may help to strengthen stakeholder confidence, facilitate policy uptake, and provide a more intuitive picture of where consensus is likely to emerge.

The algorithms could also be criticised in that they assume welfare hazards are mutually exclusive and do not interact. This may not be the case. Different hazards may jointly lead to more severe welfare consequences, as may be the case with a multifactorial problem such as tail biting in pigs (58). Further research is required to better understand such interactions as they are likely to differ on a case-by-case basis.



4.6 Next, steps

The approaches outlined in the present paper are interoperable in that they are data agnostic. While the dataset used was based on the EFSA scientific opinions and other published information, the algorithms can be applied easily to other datasets. It should also be noted that the results presented are derived from data applicable to Norwegian farming systems, which differ in some respects from more conventional European systems (the use of sow farrowing crates is not allowed, and tie stalls are still commonly used in cattle housing). However, the expansion of the dataset to encompass other European or global farming systems remains an important next step. The EFSA scientific opinions predominantly reflect farming systems and priorities within the European Union and can be applied (to some extent) to systems of production in other regions (e.g., North America). As such, the indicators and their relative importance may not be directly transferable to other geographies where production systems, resource availability, and societal expectations differ. It must also be recognised that societal values and the scientific understanding of animal welfare evolve over time. Therefore, weighting and the relevance of particular indicators may shift. This underscores the importance of viewing optimisation not as a one-off solution, but as a dynamic tool that can be updated as knowledge, stakeholder priorities, and welfare expectations develop. Far from being a weakness, this adaptability may help ensure that welfare assessment frameworks remain aligned with both emerging science and shifting societal values.

The enhanced algorithm can be further developed in several ways. First, the approach has not yet been extended into ‘combination space’ to consider the varying associations that exist between welfare hazards and welfare consequences (8). Second, animal welfare science currently does not yet contribute much information on positive welfare (55). As this field develops, the objective function could be adapted to incorporate metrics with positive valence (e.g., indicators associated with positive welfare consequences).




5 Conclusion

In conclusion, this work provides a novel and flexible optimisation framework for selecting animal welfare indicators that balances scientific rigour with operational feasibility. By formalising the notion of Coverage and enabling user-defined prioritisation, the method supports more targeted, efficient, and context-appropriate monitoring strategies across species and production systems. The ability to identify small, high Coverage indicator sets has the potential to reduce resource demands while maintaining diagnostic power, thereby enhancing the scalability and adoption of welfare assessment programmes. As such, the approach offers practical value to industry, regulators, and researchers aiming to implement welfare monitoring systems that are both evidence-based and adaptable to real-world constraints. The findings reinforce the value of iceberg indicators, demonstrate the analytical advantages of welfare hazard and consequence Coverage, and point to the potential of optimisation frameworks to advance the practical implementation of welfare assessment in animal production systems, supporting the quantitative risk assessment on animal welfare.
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Antimicrobial resistance (AMR) is a pressing global challenge, and veterinary antimicrobial use is a central focus of regulatory and professional scrutiny. While international policy increasingly requires detailed reporting of veterinary AMU, the social dynamics shaping how and why antimicrobials are prescribed, used, and followed up remain poorly understood. This study applies Social Practice Theory, to explore how AMU is enacted across two contrasting species (dairy cattle and dogs) in three countries with differing AMU profiles: Brazil, Spain, and Sweden. The analysis combined policy and guideline review with 187 semi-structured interviews with veterinary specialists, clinicians, farmers, veterinary students, and dog tutors. Interviews examined how common health problems are observed, diagnosed, treated, and followed up, and how participants defined “optimal antimicrobial use” in their contexts. Our reflexive thematic analysis identified five interconnected themes: (1) species-based hierarchies of care, where the perceived value of animals structured AMU tolerance and diagnostic rigor; (2) imagined animal needs, shaped by assumptions of caretaker expectations or legal boundaries; (3) blurred professional roles, with diagnosis and treatment often shared among farmers, technicians, and suppliers; (4) fragile follow-up practices, where “no news” was commonly taken as treatment success and monitoring systems reduced stewardship to counting doses; and (5) entrenched treatment-first logics, in which antimicrobials became the default response, reinforced by professional habits, regulatory scripts, and cultural valuation of animals. This study highlights the importance of recognizing how animals‘ social significance underpins veterinary practices and AMU decisions. Integrating social theory with ethical considerations provides a more nuanced understanding of veterinary practice and antimicrobial stewardship. By foregrounding species-based hierarchies of care, the research demonstrates how animals' social meanings shape antimicrobial decisions, with implications for animal welfare and public health.
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1 Introduction

Antimicrobial resistance (AMR) represents a critical threat to global health, food security, and sustainable development (1). As antimicrobials lose their effectiveness, the consequences affect both human and animal populations, compromising our ability to manage infections. The veterinary sector plays a pivotal role in this crisis, with widespread calls to reduce antimicrobial use in animals across all domains of care (2).

Numerous international and national initiatives have emerged to address antimicrobial use in veterinary medicine (3–6). However, these efforts often emphasize top-down regulation and awareness campaigns, while overlooking the complex, everyday realities in which veterinary practices are embedded. What remains underexplored is how contextual factors, such as cultural values, professional roles, and societal perceptions of animals influence antimicrobial decisions on the ground. Policies that ignore these contextual elements risk being ineffective or even counterproductive.

This gap in understanding highlights the need for theoretical frameworks capable of capturing the social, material, and ethical dimensions of antimicrobial use. Social practice theory (7, 8) offers such a lens. It moves the focus away from individuals as decision-makers and, instead, examines how antimicrobial use emerges through the interaction of competencies (skills and know-how), materials (infrastructure, tools, and regulations), and meanings (social and emotional significance assigned to practices and species). From this perspective, diagnosing, prescribing and following up treatment success are not simply technical acts–they are socially constructed practices influenced by broader structures and values.

One of the most underexamined dimensions in this framework is the role of meanings: how the animals' perceived social value shapes the care they receive and, by extension, the decisions around antimicrobial use. The contrast between species, such as those used for production and companionship, often reflects deeply embedded assumptions about utility, intimacy, and value, assumptions that are rarely made explicit in antimicrobial use guidelines or stewardship programs. Furthermore, animals also belong to different settings, and the conditions under which they are kept differ substantially due to geography, governance, human resources, health systems availability, production systems, culture and prevailing social norms (9). For example, Sweden is among the countries with the lowest reports of antimicrobial use and AMR in veterinary medicine (10). Spain, in comparison, is a country with high antimicrobial use within the context of EU policies and regulations that include an antimicrobial use reduction strategy shared with Sweden (11). Finally, Brazil is among the top 10 global consumers of antimicrobials for animal use (12) and allows the use of some antimicrobials as growth promoters, contrary to EU policies banning their use since 2006.

In this study, we explored how these meanings operate within and across different national and species contexts. By comparing veterinary antimicrobial use practices involving dogs and dairy cattle in Brazil, Spain, and Sweden, we aim to uncover how the social significance of animals contributes to the formation of antimicrobial practices. This comparative perspective provides new insights into antimicrobial use's ethical and cultural foundations and contributes critically to the design of more grounded, context-sensitive policies.



2 Materials and methods


2.1 Study design

This study was conducted within the “Antimicrobial Use Veterinary Practices” (AMUVP) project, granted by the Swedish Research Council for Sustainable Development, also known as Formas, with Grant No 2019-00324, a project that spanned from 2020 to 2025. We used an exploratory qualitative design framed by social practice theory. Fieldwork was conducted in Sweden, Spain, and Brazil, countries selected for their contrasting antimicrobial use profiles in veterinary medicine.



2.2 Theoretical framework

Our analysis was informed by social practice theory (7, 8), which conceives practices as interdependent constellations (see Figure 1) of materials (diagnostics, infrastructures, regulations), competences (veterinary knowledge, diagnostic reasoning, decision-making skills), and meanings (the social and emotional value attributed to animals). While all three elements were considered, this paper emphasizes meanings to examine how the social significance of species shaped veterinary antimicrobial use, producing what we conceptualized as a “hierarchy of care.”
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FIGURE 1
 Graphical representation of veterinary antimicrobial use as social practice. The figure frames antimicrobial stewardship (a coherent set of actions toward optimal antimicrobial use) in veterinary medicine as a social practice (8). This veterinary care is organized by elements roughly grouped in meanings attached to animals, the materials available (diagnostics, surveillance, policy), and competencies (monitoring, decision-making). Anchored in this theoretical framework, we map how those elements shape the vet–client–animal process (problem observation, diagnosis, treatment, and follow-up), showing antimicrobial use as a lived practice.




2.3 Phase 1—Characterization of legal framework of veterinary practice at the national and regional level

In the first phase, we critically appraised national action plans, veterinary guidelines, and any other framework or legislation relevant to how the veterinary profession is regulated and antimicrobial use is framed within each country or region. Documents analyzed included the EU Veterinary Medicines Directive 2019/6 (11), Spanish national surveillance frameworks and veterinary prescribing regulations (13–20), Brazilian national programmes and veterinary profession regulations (21–30), and Swedish national veterinary guidelines (31–40). This phase provided the structural context for understanding how veterinary practices are framed within governance and regulation. Although this was the project's first phase, close monitoring of new adjustments in these frameworks was maintained across countries for the project's duration.



2.4 Phase 2—Veterinary specialists' practice characterization

The second phase consisted of in-depth interviews with specialist veterinarians in dairy cattle, companion animal practice, professors in these areas at key veterinary universities within each country, and veterinarians working at government agencies. In total, 25 semi-structured interviews (see Table 1) were conducted across the three countries. This group of participants were purposely selected based on their expertise in four key clinical scenarios with high antimicrobial use relevance: E. coli mastitis and metritis in cattle. In dogs, pyoderma and pyometra. These conditions represent therapeutic and preventive antimicrobial use, often involving a decision between no antimicrobial treatment, first-vs. second-line antimicrobial options, and laboratory-based vs. empirical diagnosis. This focus enables discussion grounded in participants' real experiences rather than generalized accounts of treatment practices. Although including more or different cases could have offered further insights, focusing only on two scenarios per species across countries allowed for a deeper analysis of the breadth of coverage. Furthermore, interviews explored the observation of the problem in a given animal, the formalization of the diagnosis, treatment decisions, and the follow-up of a case until its recovery (see Figure 1). We equally explored perceptions of “optimal” antimicrobial use in general terms.

TABLE 1 Number of participants in in-depth interviews (n = 187) done at two study phases across three countries.




	Methodology phase
	Type of participant
	Brazil (n = 76)
	Spain (n = 66)
	Sweden (n = 45)





	Phase 2 in-depth interviews with veterinary specialists (n = 25)
	Dairy cattle medicine specialist (n = 12)
	7
	2
	3



	Small animal medicine specialist (n = 6)
	2
	2
	2



	*Other type of specialist (n = 7)
	2
	4
	1



	Phase 3 in-depth interviews with the broader group of stakeholders (n = 162)
	Final year veterinary students (n = 39)
	10
	18
	11



	
	Veterinary practitioners dealing daily with clinical conditions of dogs or dairy cattle (n = 66)
	26
	29
	11



	Dairy farmer (n = 28)
	16
	6
	6



	Dog tutors (n = 29)
	13
	5
	11





*Other veterinary specialists include veterinarians with clinical specializations (e.g., dermatology, udder health, or reproduction in small or large animals) who worked in regional or university laboratories, governmental agencies, or managerial roles related to veterinary regulation or the use of veterinary drugs within the country.






2.5 Phase 3—Everyday veterinary practice characterization

The third phase expanded the interview sample to include a wider group of stakeholders engaged in daily antimicrobial use practices. This included interviews with veterinary practitioners working with dogs or dairy cattle (exclusively or in mixed practice), dog tutors, dairy farmers, and future veterinary professionals (final-year veterinary students). In total, 162 semi-structured interviews (see Table 1) were conducted in this phase across the three countries. As with the veterinary specialists, the in-depth interviews explored the daily experiences and protocols in recognizing clinical problems, same as those elicited in Phase 1, diagnostic routines, treatment decision-making, follow-up practices, and perceptions of responsibility for antimicrobial stewardship (see Figure 1). When interviewing veterinary students, we also included questions that brought out perspectives around university training and real-world constraints.



2.6 Participant recruitment

Participants were recruited using a non-probabilistic snowball sampling method, beginning with identifying veterinary specialists (Phase 2) through the interviewers' established professional networks. These initial participants then identified further informants (Phase 3). This method was chosen as it is particularly suited to difficult-to-reach groups, such as practicing veterinarians, farmers, and tutors. The social practice theory guided our study, and the data analysis was done as a reflexive thematic analysis. With this point of departure, the concept of “sample size” is not applied in the same way as in quantitative approaches. In other words, reflexive thematic analysis does not treat adequacy as reaching a predetermined number of participants or a “saturation” point. Instead, adequacy is evaluated by the richness and complexity of the data, the diversity of participant perspectives within the subject explored, and the researcher's reflexive engagement with the material. Specifically, we aimed for the data to provide sufficient depth and breadth to construct meaningful patterns of shared meaning concerning the research question (41–44). Our sample encompassed a plurality of production contexts, species, and geographies, ensuring a wide range of experiences. Most participants held at least a university or professional degree, with farmers varying from vocational agricultural training to higher education. Veterinary students were in their final year, and practitioners ranged from early-career to senior professionals (ages 23–65). Thus, data collection continued until we judged that sufficient informational power had been achieved to address the project's analytic aims. Differences in sample size between countries and participant categories reflect contextual factors such as the number of practicing professionals, farm and clinic density, and accessibility of certain respondent groups. This variation aligns with the study's exploratory, qualitative design, which sought depth and diversity rather than representativeness. Because the snowball sampling strategy is built on existing professional networks, the potential for selection bias cannot be fully excluded. We acknowledge this as a limitation of the study.



2.7 Interview procedures and guide

Interviews were semi-structured and based on a shared umbrella guide tailored to each stakeholder group. Topics included:

	1. Everyday care routines and animal-human relationships (dog tutors/farmers).
	2. Problem observation, diagnostic and treatment procedures for the explored clinical scenarios.
	3. Perceptions of antimicrobials, antimicrobial resistance, and “optimal use.”
	4. Views on regulation, professional responsibility, and follow-up.

Interviews were conducted face-to-face, by phone, or via online platforms, depending on participant preference and COVID-19 restrictions. They lasted between 20 and 120 min and were conducted in Spanish, Galician, Catalan, Brazilian-Portuguese, Swedish, or English, according to participant choice. GOA, RAG, and IBP, all trained in qualitative interviewing, conducted the interviews.



2.8 Data analysis

All interviews across phase 1 and 2 (n = 187) were audio-recorded, transcribed in the original language, and pseudonymised. A reflexive thematic analysis (41, 43, 45) was undertaken with all gathered data across the three phases. Coding was open, iterative and collaborative, with transcripts read and coded by team members fluent in each language. Codes were organized according to the three social practice theory elements (materials, competences, meanings). Field notes and post-interview notes (memoing) were also part of the analysis. Coding went beyond the descriptive level of the data to identify the participants' underlying assumptions, ideas and practices around antimicrobial use. To prepare this work, we focused on veterinary practice tensions around the species' social significance (meanings). Themes were compared across stakeholder groups and countries, and triangulated with findings from the legislative review and veterinary specialist interviews. A selection of representative phrases for exemplification of the themes were translated into English when needed by GOA or MJH. The prefixes on their participant number denote the geographical location (BR = Brazil, ES = Spain, SE = Sweden) of the interviewee and the type of stakeholder (S = veterinary specialist, VF = veterinary professional working with dairy cattle, VD = veterinary professional working with dogs, VS = final year veterinary student, DF = dairy farmer and DT = dog tutor).



2.9 Ethical statement

The study involved interviews with veterinarians, veterinary students, dairy farmers, and dog tutors in Sweden, Spain, and Brazil. No live animal experimentation was conducted. The Ethics Committee of the Complutense University of Madrid (UCM) registered and approved the study under reference CE_20210715-5_SAL in Spain. At the same time, the study was registered and approved in Brazil by the Ethics Committee on Human Research of the Federal University of Santa Catarina (CEPSH/UFSC) under decision no. 4.567.386. In Sweden, in consultation with the Ethics and Legal Department at the Swedish University of Agricultural Sciences (SLU) and in agreement with the Swedish Ethical Authority, it was determined that the study did not require a special permit according to Swedish law (SFS 2003:460).

In all three countries, participation was voluntary, informed consent was obtained from all interviewees, and confidentiality was guaranteed through pseudo-anonymisation procedures. This ensured that conversations (i.e., responses) and any herd or animal registry were kept safe, and no sensitive personal information was collected. This strictly adheres to the code of conduct set out by the Swedish Research Council (2017). No financial incentives were provided to participants.

In compliance with the General Data Protection Regulation (GDPR, EU 2016/679), all data were processed and stored securely by research staff directly involved in the project. Identifying information was removed before analysis, and only anonymised data were used in publications and dissemination.



2.10 Positionality statement

All authors have professional veterinary or animal sciences training in Latin America and Europe. GOAis a veterinarian and mixed methods applied researcher from Mexico who was trained in social science in the UK, and has lived and worked in several countries, including those under the scope of this study. These experiences have shaped her sensitivity to cultural and institutional contrasts in veterinary practice and cultures. IBP is an associate professor in animal welfare and organic farming systems at the University of Lleida (UdL) and Senior Lecturer Adjunct at SLU, Sweden. RAG is a Brazilian veterinarian and professor of animal husbandry with expertise in applied qualitative methodology and a research focus on antimicrobial use in production animals. MJH is a veterinarian trained in qualitative methods and a professor of animal welfare, animal husbandry, and ethics, which grounds her research experience in human-animal relationships and farm practice. JH is a UK-based researcher, specializing in behavior change and qualitative research on veterinary and animal welfare practices.

Together, our positionalities span veterinary medicine, animal science, and social science, with diverse cultural roots. We share a professional commitment to advancing antimicrobial stewardship and animal welfare. However, we recognize that our interpretations are shaped by our training within veterinary and academic institutions, life experiences, and direct observation and participation in caring for animals. This foregrounds specific professional logics while giving visibility to lay perspectives. We sought to engage reflexively and collaboratively throughout the analytic process, being aware of how our backgrounds and commitments influenced the patterns of meaning constructed in the results.




3 Results

Guided by Shove's Social Practice Theory (7, 8), and with particular emphasis on meanings, our reflexive thematic analysis constructed a set of interconnected themes that characterize how antimicrobial use is enacted in veterinary practice. Across participants' accounts, antimicrobial use was described not as a purely technical act governed by clinical guidelines, but as a practice shaped by the social significance attributed to different animals, by veterinarians' and caretakers' assumptions of what care should entail, and by the diffuse distribution of professional responsibilities. Limited systems of follow-up and record-keeping further marked these practices, along with a cultural tendency toward a treatment-first logic, in which antimicrobial treatment often became the taken-for-granted response to an observed problem. Together, these themes articulate what we interpret as a “hierarchy of care” in veterinary medicine, where the meanings attached to species underpin both tolerance for antimicrobial use and the degree of diagnostic and follow-up rigour.


3.1 Differentiating animals by human values

Across contexts, veterinarians, dairy farmers, and dog tutors described how an animal's perceived worth, whether affective or productive, shaped antimicrobial decision-making. High-valued animals, such as dogs or high-yield dairy cows, were seen as cases where failure was unacceptable, prompting stronger, more tailored, or faster interventions

	“When it comes to dogs or cats, there are often much more emotions involved. It feels like you have to try a little harder, whereas with cows you can think more economically.” SE_S.03
	“She prescribed an antibiotic, a painkiller and a corticosteroid, it was a cocktail of drugs, I said, I'm not going to give this to my 8-month-old dog…she gave me an alternative.” BR_DT.10

Together, conversations make visible a valuation logic in which livestock are governed by pragmatic limits distinct from those applied to individualized patients like pets. Veterinarians often drew a sharp line between species and situations observed, something observed even among veterinary students

“If it's the farmer's best cow, then maybe you give it a chance… but I don't think it would be wrong to cull a cow like that….” SE_VS.03

	“In such a case, I might not have followed up so carefully… the outcome will in any case be that the farmer culls the animal himself.” SE_VS.07

For companion animals, dog tutors often narrated intensive, multi-step pathways of care. Such scenarios

	“It was breast cancer, she had to have surgery, went through the whole process before the operation, had to do tests, and now she is well.” BR_DT.09

differed sharply from accounts about cattle

	“The difference I see between the horse and the cow, for example, before the horse dies you try everything until the last minute. The dog tutor is there at the side, it's something very sentimental. As for the bovine, what do I see? …You can't use a glove because the farmer thinks you're being fancy… So you end up giving all sorts of medications without really knowing what the cow actually has.” BR_VF.03

Among dairy farmers, especially in larger herds (≥100 lactating cows), emotional ties to individuals were said to be replaced by productivity logics

	“There are no emotional values in large farms. It is null. It has turned into an assembly line… and they are basically production values. Yes, of course, you do find hyper-acute mastitis in high-production animals. And she will end up with half the milk or die… that animal matters more to them.” ES_VF.07

We also identified the differentiation between species to be embedded in the legal and policy frameworks that govern antimicrobial use across the countries investigated. For example the EU Veterinary Medicines Regulation (11) explicitly prioritizes certain species. This means from January 2024 EU is requiring all Member States to collect antimicrobial use data for cattle, pigs, chickens and turkeys. In January 2027 for all remaining food-producing animal species and only until January 2030 will be mandatory for other animals that are bred or kept (this includes dogs), with an explicit exemption

	“nothing… shall be understood to include an obligation to collect data from natural persons keeping companion animals.” (EU 2019/6, Art. 57)

Similarly, Brazil's PAN-BR AGRO (22) programme was launched with the mandate to “promote the rational use of antimicrobials in agriculture” (Objective 6), focusing its early actions on production animals such as broilers (“implement a surveillance programme of antimicrobial resistance in bacteria isolated from broiler chickens”). Pets, by contrast, were left aside and only addressed later through a separate 2022 guide for dogs and cats (24).



3.2 Human reality and imagined animal needs

Another recurring theme was the discrepancy between what an animal might require and what it actually received, with care practices often shaped by imagination rather than confirmed need. Veterinarians described making decisions based on what they assumed tutors expected or what they felt legislation permitted, frequently without the benefit of a formalized diagnosis.

For example, this dynamic was evident in small animal practice, where dermatology specialists invested extensive time in examinations and communication

	“The difference is that I work without time limits. If it takes an hour to explain the causes or how they should apply the treatment, I do it without barriers. Also, there is a lot of communication, especially during the first days.” ES_VF.09

Yet, client expectations for fast, cheap, and practical solutions led to quick prescribing in other cases. A dermatologist illustrated how expectations shaped compliance

	“If you say, ‘If you do this, there is a chance that we can avoid the use of antibiotics,' they try harder. Instead of saying they have to do it, then they want the pills instead.” SE_S.05

Yet at times preconceptions and poor trust shapes the decisions

	“There will never be an animal that does not get infected in the kennel. We take every precaution during surgery, but the next day it will be in an environment that I don't trust, and I feel more comfortable if I give an antibiotic [post-surgery] to prevent infection.” ES_VD.08

In dairy clinics, veterinarians often rushed to treatment

	“Ceftiofur is usually the first line used because of the issue that it has no withdrawal time in milk… because then the intramammary has withdrawal time, and the injectable, it doesn't, so they prefer to use injectable.” BR_VF.06

except in cases where animals were perceived as having high value

	“Sometimes you initiate an antibiotic treatment, even though you know the prognosis might not be super good… If I understand from [the farmer] that it's a highly valuable cow, then I take it into account.” SE_S.01

This assumption of the need to prescribe was not always abstract; sometimes, it was reinforced by tutors' demands for action

	“I'll tell you honestly, the producer wants us to solve the problem. And sometimes, if you go there and say, oh, let's not do it, he speaks badly of you, says you are wrong, you know, he doesn't give you credibility. So, sometimes… you end up under pressure to use it.” BR_VF.07

Interestingly, when faced with this reality, veterinarians can recognize these biases, observable not only with colleagues but also their clients

	“… the farmers are very good, I believe in them, but sometimes their perceptions are biased too, right? Just like ours.” BR_S.09

Legislation also functioned as a means to frame what can be done, with veterinarians sometimes frustrated that drugs available in other countries or species could not be used under current national rules, even when they believed such treatments would better serve the animal. The result was that antimicrobial use was often organized around professional and tutor perceptions rather than around systematically verified animal needs.



3.3 Who is the veterinarian? Who diagnoses and who supplies? Para-veterinary roles

Although legislation in all three countries reserves the acts of diagnosis and prescription for veterinarians, the practical reality in dairy farms and clinics revealed blurred professional boundaries. The blurred professional boundaries that shape who diagnoses and who treats, are themselves expressions of the hierarchy of care, showing how species value and practical constraints redistribute veterinary responsibility. The EU Regulation establishes that

	“a veterinary prescription shall be issued only after a clinical examination or any other proper assessment… by a veterinarian.” (EU 2019/6, Art. 34–35) (11)

Spain follows these principles in its regulations:

	“Veterinary prescriptions will only be issued after a clinical examination by the prescribing veterinarian.” (Real Decreto 666/2023, Art. 32–33) (18)

In Sweden, the Board of Agriculture requires that

	“… even when you issue a veterinary prescription… before issuing it you must have made a diagnosis.” (34)

Brazil's federal professional law defines

	“the prescription of veterinary medicines… [as] a veterinary medical act considered to be the exclusive domain of veterinarians.” (23)

Moreover, the Brazilian Ministry of Agriculture dictates under the “Responsible Use of Antimicrobials” guidance (27, 28) that

	“veterinarians must… prescribe antimicrobials based on clinical knowledge… supported by laboratory diagnostics….”

However, farmers, dog tutors, or even commercial intermediaries, who were not always veterinary professionals, often initiated diagnosis and treatment decisions. In Spain, large farms relied on protocols left by veterinarians

	“…you set up decision trees for people to follow. On these large farms, you give people the power to make decisions.” ES_VF.07

In Brazil, veterinarians described how producers or farmers would directly administer antimicrobials

	“The problem is that he ends up calling the neighbour to solve it for him. Then the neighbour comes, gives a dose of antibiotics… So I think it's a lack of professionals giving support to farmers….” BR_VF.09

Such treatment decisions, organized around producers' perceptions rather than formal diagnosis, had consequences for antimicrobial stewardship, such as use of broad-spectrum antimicrobials, early cessation of treatment, and non-optimal use

	“They used to give antibiotics for two days until the cow got better. They saw that she improved, then they stopped treatment.” BR_VF.03
	“Most use Kinetomax, right, Enrofloxacin. It's all over the place… a lot, a lot, a lot. I see that they also use a lot of ceftiofur.” BR_VF.07

Another aspect described was the role of agricultural suppliers, where sales dynamics intersected with treatment decisions:

“…the farmer goes to the agricultural store, says ‘my cow has this and that and such…' The guy is going to sell; he lives off sales. He is a veterinarian, but he doesn't know the farm, he doesn't know the cow, doesn't know the management, and he's going off the farmer's perception, but sometimes his perception… So, the sale of antibiotics is really high, right? It makes money, this makes a lot of money.” BR_VF.10

In Sweden, delegation was visible in dairy reproduction consultations, as explained by an expert:

	“Artificial insemination technicians are allowed to do diagnosis, but not treatments… Farmers… they can diagnose fertility disorders, but then they have to ask a veterinarian if treatment is needed … can inseminate their own cows but not do pregnancy checks or treatments.” SE_S.03

Delegation of veterinary duties is also shaped by technology access, questioning the need of a veterinarian to do a diagnosis.

	“… our presence on the farm is decreasing. Reproduction now is nothing like it used to be. It's a matter of looking at the Herd Navigator [on-site diagnostic tool] and seeing four cows with ovarian pathology. The rest is done by the computer [software]… I see that technology is there to do all this. We veterinary diagnosticians are becoming obsolete. There will be machines that do it better.” ES_VF.17

This distribution of responsibility blurred the boundary of diagnosis. Veterinarians themselves recognized the dynamic

	“Dairy farmers, they are good. So, they pretty much phone you because they have this disease, and you just have to confirm that. They rarely phone you because of something strange or bizarre that they don't understand. So, in most cases, they know what the problem is. And they know the treatment as well.” SE_S.02
	“Dairy farmers know as much about mastitis as any veterinary graduate, if not more….” ES_FV.03

Farmers expressed a similar view:

“We see that it is a mastitis, we know what it is. But then we bring in the veterinarian to get the medicine, so to say.” SE_DF.04

Small animal practice showed parallel tendencies. For example, in Brazil, pet veterinarians pointed out the easy availability of antimicrobials without prescription or the prevalence of prior treatments ahead of consultations

	“I think the main thing is the purchase, right? At agricultural stores, at pet shops, and without a prescription. They don't need a veterinarian's diagnosis or prescription, so it's just showing up.” BR_VD.08
	“…it's always like that, you know, because people buy [medicine] at agricultural stores. The animal shows up, and it's already had a bunch of stuff….” BR_VD.14

These dynamics, also evident in small animal and large animal practice, where dog tutors sometimes pursue “quick fixes,” illustrate how responsibility for AMU is distributed across multiple actors, with veterinary authority diluted in everyday care.



3.4 The focus on numbers, not context—follow-up: is no news good news?

Follow-up emerged as a fragile and inconsistent element of antimicrobial use practice. In this context, follow-up refers to the process of checking whether a prescribed treatment has achieved its intended effect, which requires documenting the rationale for prescribing, the course of treatment administered, and its success or failure.

Follow-up was left to informal practices

	“I think the follow-up has been a little deficient, really! It has been a bit like ‘get in touch if it doesn't get better'… if they don't get in touch, then it is good and then I have judged that then this treatment went okay, kind of!” SE_VS.07

and outcomes were seldom documented

	“We don't measure success of treatment systematically. Generally, we don't take note of that.” SE_S.02

Veterinarians rarely received feedback about treatment success

	“I ask for a call back the next morning, but rarely is there a final call after five days to see if the animal recovered.” SE_S.02

Participants' experiences seemed tied by the logic of “no news is good news,” the assumption that absence of feedback was a sign of recovery

	“…if I don't hear anything after a couple of days, I assume it worked. But of course, it can also mean that the cow died or that they called another vet. We don't really get that feedback systematically.” SE_S.01

Veterinarians pointed out the inefficiency of this informal and incomplete process for example,

	“… and what happens a lot too, you know, is… it comes to the vet saying “I know this works”… but there's no real follow-up….” BR_VD.14
	“For follow-up, … you trust the farmer to call, because you know that his perception will be the real one.” ES_VF.03

Moreover, participants described how follow-up was shaped differently according to species. In dairy farming, follow-up was often linked to herd-level monitoring rather than individual animals

“Not every epidemiological unit is useful, you can't focus on the individual, it's the farm as a whole that you manage… Every four months, we send a number of mastitis samples for an antibiogram and a culture to better monitor the farm.” ES_VF.07

In companion animals, expectations of closer feedback appeared sometimes

	“… one or another, up until today, I still get news about. Sometimes they send me, ‘Hey, look how it's doing, it's like this and that.' But most of them… they end up being breeders, and soon those puppies are going to be sold… I completely lose contact.” BR_VD.06

Due to the caretaker context (assumed or real), the imagined animals' needs further muddle treatment follow-up

	“… follow-up also depends on the dog tutor…. You can prescribe something, but the carer will try something else on their own. This is the case of an overzealous carer who will use their own remedies. Those of us [veterinarians] in rural areas know that they are not going to have good hygiene, so we compensate for the lack of hygiene at home… If we doubt compliance, we give them injections [antibiotics] to ensure they receive the treatment.” ES_VD.09

Other reflections link follow-up to structural features of farming. In Spain, herd size and farm management influenced how treatments were continued and supervised

	“The larger the farm, the poorer the milking practices tend to be… We're not the ones who start or finish all of the clinical treatments.” ES_VF.07
	“…by having two or three visits a week scheduled at those large farms, the cow can wait for you, or the farmer can just give you a call.” ES_VF.08

In Brazil, concerns centered on the weakness of records

“We can't really assess a situation if we don't have a trustworthy record, you know?” BR_S.09

and the effect of self-medication on evaluation of treatment success and record keeping

	“…the producer will perform this treatment [without veterinary consultation]. If he does not know what the active ingredient is… he may not solve the problem… in his mind, he solved the problem, but in reality, the problem is still there, right? It often becomes subclinical mastitis again because he did not treat the problem….” BR_S.05

Legislative frameworks structure follow-up differently according to species. At the international level, the WHO frames veterinary antimicrobial stewardship largely around livestock, stating that “responsible use should reduce or restrict the use of antimicrobials in food animals” (46). At EU level, Regulation (EU) 2019/6 (11) required Member States to collect antimicrobial use data first for all food-producing animal species. The Regulation also specifies that there is no “obligation to collect data from natural persons keeping companion animals” (11). This means that while phased reporting is mandatory for livestock and other kept species, there is no obligation to capture usage data directly from pet tutors, contrary to what is demanded from farms. Spain followed European regulation through the Royal Decree 666/2023, establishing obligatory treatment records for production holdings, linking them to the EU system (18). In January 2025, Spain extended mandatory electronic prescriptions to include dogs, introducing requirements such as animal identification; the system's poor fit with small-animal clinical practice led to disputes and forced special dispensations in the legislation (17). On the other hand, Sweden has a long history of annual national reports on antimicrobial use and antimicrobial resistance in human and sectors. Yet, initially, these reports focused on livestock species such as poultry, pigs, and cattle, with other animals added later. As the Swedish Veterinary Institute notes:

	“Sales of antibiotics for animals has decreased by around 70 percent since the mid 1980-ies … the key strategy has been prevention of disease—healthy animals do not need antibiotics.”(40)

In Brazil, the PAN-BR AGRO plan concentrated its initial surveillance on production animals, particularly pigs and poultry, while companion animals and most dairy contexts were omitted (22). Strict prescription documentation was mandated only for a subset of controlled substances under Instrução Normativa n° 35/2017, resulting in many antimicrobials not being systematically tracked (29).



3.5 Treatment-first logics

Across geographies and species, veterinary practice appeared consistently organized around a treatment-first logic, where veterinary diagnostic reflection was frequently bypassed, and antimicrobials became the default means of responding to animal illness. This pattern was not only a matter of convenience but reflected broader social and professional meanings, including the urgency to resolve problems for valued animals, the framing of guidelines as therapeutic lists, and the material conditions of practice.

Legislation and professional frameworks agree that antimicrobial use requires a prescription, and a prescription requires a diagnosis by an accredited veterinary professional (11, 18, 23, 28, 33, 36). In Spain, stewardship was framed by prescribing guides structured as lists of antimicrobials tailored to particular conditions, rather than by diagnostic algorithms; they prioritized selecting the “correct” drug over encouraging diagnostic reasoning (20). In Brazil, regulations mandate strict documentation only for a subset of veterinary substances under special control. For instance, opioids such as fentanyl are on the MAPA special-control list and require a formal prescription via the Notificação de Receita Veterinária system (30). In contrast, widely used antimicrobials like amoxicillin, a critically important drug for both human and veterinary use, fall outside that requirement and remain less systematically tracked (29). In Sweden, the Veterinary Association introduced guidelines for the clinical use of antimicrobials in dogs, cats, and livestock (38, 39). These guidelines provide condition-based recommendations, emphasizing the need to avoid antimicrobial treatments whenever feasible and encouraging non-antimicrobial options based on formal diagnosis.

Yet, even in Sweden, farmers often identify health problems themselves, calling veterinarians mainly to supply medicines

	“… they will not call a vet, not until the cow gets really sick. Because they have been taught that it should be a conservative treatment of those cases.” SE_S.03

blurring the diagnosis process. Spain and Brazil followed similar patterns. For example, in small animal practices in Brazil, animals that arrive at clinics often have already been medicated

	“It is rare to receive a sample that has not already been treated with antibiotics before performing the culture and antibiogram test…” BR_VD.05

with antimicrobials given at home or purchased directly from agrovet shops

	“The treatment I base myself on is whether I can get this or that medicine. The drugs have already been bought. They are not prescribed, no! That's how it is. Some vets sign and so on, but the medicine has already been bought. If they call and bring me Ceftiofur, I will use Ceftiofur.” ES_VF.17

When antimicrobials were prescribed, they were sometimes trialed sequentially or given at incorrect doses and durations, reflecting a search for rapid improvement rather than systematic diagnosis

	“I understand that many times we can't keep up, or for those who are clinicians, they no longer remember much from microbiology. But sometimes they try one, then another, then another, and they don't stop to think, they don't diagnose, they don't know which microorganism they are dealing with, and then they just keep testing until something works clinically. That's how I see it. The main issue for me is the ease of purchase and then the way veterinarians themselves use the drugs. This isn't only in small-animal practice, you know….” BR_VD.08

In dairy practice, farmers pressed for immediate solutions

	“My dream is to have my own antibiogram… I don't feel confident enough to make a correct diagnosis… Producers want you to solve their problems right away 'My cow has mastitis right now, and I want her to get better by tomorrow.” BR_VF.03

and veterinarians described resorting to broad-spectrum antimicrobials for prevention, bypassing formal diagnosis

	“The ideal is this, you apply antibiotics only to those who need it… but if the farm does not have good conditions… it is more advisable to use dry cow therapy and a teat sealant on every cow.” BR_VF.08

Participants' experiences highlight antimicrobials as a primary tool of care, at times reducing the veterinary role as a provider of antimicrobials

	“Veterinarians are really just a way to shoot antibiotics.” SE_F.03

In others, reforms and policy changes have reduced inappropriate prescribing

	“When I was young… in the beginning of the eighties … we used a lot of antibiotics… we even had dogs on low-dose preventative antibiotics. Then the national policy document came in 2007, and within two years, prescriptions really dropped.” SE_S.05

but treatment-first routines persisted, sustained by professional habit and expectations “Some colleagues [refering to veterinarinas] you just can't reach…”. In life-threatening situations, using antimicrobials was framed as ethically unavoidable, regardless of diagnostic uncertainty. Described patterns reaffirm how a “hierarchy of care” shapes daily decision-making, where species value and structural pressures converge to sustain rapid, treatment-first routines.




4 Discussion

Based on Shove's Social Practice Theory (7, 8) and emphasizing the element of meanings, this study used reflexive thematic analysis to identify interconnected themes that describe how antimicrobial use is enacted in veterinary practice across species and geographical contexts (Figure 2). Antimicrobial use emerged not as a purely technical act governed by clinical guidelines, but as a practice shaped by the social significance veterinarians and caretakers attributed to different animals, added to their assumptions of what care and antimicrobial use should entail, and a diffuse re-distribution of what ought to be veterinary professionals' only responsibilities. Limited systems of follow-up and record-keeping further marked these practices, along with a treatment-first logic culture, in which antimicrobial treatment often became the taken-for-granted response to a problem observation. Together, these themes articulate what we interpret as a hierarchy of care in veterinary medicine, where the meanings attached to species underpin both tolerance for antimicrobial use and lack of tailored treatment aligned with actual animal needs.
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FIGURE 2
 Diagram illustrating how antimicrobial use is shaped within the Veterinary-Client-Animal relationship. Solid arrows indicate active connections; dashed and gray lines mark weakened or missing links. The central pathway (problem observation → diagnosis → treatment → follow-up) highlights where decision-making breaks down, reinforcing treatment-first logics and weak feedback loops. A key finding is the frequent bypass of formal diagnosis, with veterinarians moving directly from problem observation to treatment. This is reinforced by pharmaceuticalisation, client expectations (imagined animal needs), and a sustained culture of intervention, treatment-first logics. Fragmented or weak follow-up prevents contextualized learning, undermining evidence-based medicine and limiting opportunities to refine stewardship in practice.


We show how the value assigned to different species and the imagined needs that guide decisions shape veterinary antimicrobial practices. Such findings highlight the role of speciesism in shaping veterinary antimicrobial practices. Here, we define speciesism as the unjustified, disadvantageous consideration or treatment of those not classified as belonging to a particular species (47). Speciesism has been discussed in other contexts (48–50). Still, our analysis is novel in showing how it operates within veterinary medicine, specifically within the practice of antimicrobial use, to reinforce hierarchies of care, privileging some animals over others based on their perceived social or economic value. Animals perceived as having high value were often fast-tracked into treatment with broad-spectrum or critically important antibiotics; in contrast, lower-valued animals, typically livestock, were usually managed in suboptimal standardized protocols that obscured individual needs. In both cases, tailored optimal antimicrobial use was compromised. Weak reporting systems meant that these practices rarely generated learning or accountability. These dynamics illustrate how species-based valuation contributes to poor veterinary antimicrobial stewardship, reinforcing pathways that accelerate AMR while shaping animal welfare outcomes.

This focus also reveals an economic hierarchy within food-producing animals. In Brazil, poultry have been prioritized over other industries, including dairy, because of their high economic value and importance for export markets (22, 51, 52). In Spain, the success of national AMR programmes has been measured largely through progress in a single species, the swine sector, showing how stewardship outcomes are often tied to sectors of most significant economic weight rather than to a balanced approach across production systems (14–16, 53). Such differentiation demonstrates how affective vs. productive valorisation structures shape antimicrobial practice, with regulatory frameworks and stewardship programmes reproducing these hierarchies rather than challenging them.

Another critical aspect concerns the observed pharmaceuticalisation of animal health problems and the expectation that veterinarians should exercise a formalized diagnostic process before prescribing antimicrobials. This does not simply mean carrying out laboratory tests, but rather exercising what Kahneman has described as “slow thinking” (54), a deliberate, reflective process of considering what the diagnosis actually is, what needs to be treated, and only then deciding on the appropriate therapeutic pathway (55, 56). Our findings suggest that, in many cases, this reflective diagnostic stage was bypassed. The absence of a diagnostic reasoning reinforced a culture of treatment-first practice, diminishing opportunities for targeted and optimal antimicrobial use and further entrenching patterns of pharmaceuticalisation. This emerging concept refers to a socio-technical process where medical conditions, capabilities, or needs are increasingly framed as opportunities for pharmaceutical intervention (57). When failure was not an option for high-valued or emotionally significant animals, treatment was fast-tracked, while lower-valued animals were managed through standardized shortcuts. In this way, pharmaceuticalisation intersected directly with speciesism and with imagined valuations of animals, linking together several observations.

The treatment-first culture revealed in our study is not merely a failure of compliance but situated practices produced by the interaction of infrastructures, competences, and the meanings attached to animals. Also, these logics are not uniform but take different forms depending on geography, species, and infrastructure. For example, in Brazil and Spain, over-the-counter availability of drugs and weak documentation requirements mean that animals often reach the clinic already treated, reducing diagnostic value. Preventive blanket use in dry cow therapy was rationalized as unavoidable when farm conditions made selective use impractical. More nuanced, the practice guidelines for optimizing antimicrobial use in Spain focus on therapeutic lists rather than frameworks for differential reasoning (20). Such regulatory tools implicitly shift attention from the question of whether to use antimicrobials to which antimicrobial to choose. In Sweden, diagnostic confirmation was more embedded in training and practice. Yet, students described how decisions still varied by context and animal value. The preventive use of penicillin for high-value cases illustrated how treatment-first logics persist even in contexts with stronger stewardship traditions. This shows that cultural meanings attached to animals can override regulatory ideals.

Across all three countries, the professional boundary of “only veterinarians can diagnose and prescribe,” clearly stated in the national and international legislations (11, 18, 23, 28, 33, 36), was consistently blurred. Brazil represented one extreme, where farmers, neighbors, or commercial intermediaries often made treatment decisions. Although veterinary confirmation was formally required in Sweden and Spain, it was frequently delegated or assumed. Such blurring does not always equate to excessive antimicrobial use, but it shows that veterinary practice is co-produced with farmers, technicians, and other actors. Stewardship efforts must look beyond veterinarians and engage the wider networks that shape animal health decisions. Our findings underline the value of examining the broader systems veterinarians operate in, as we have done in this project. Focusing only on individual prescribing habits would give an incomplete picture, while situating practices within their social, economic, and institutional contexts reveals how antimicrobial use is produced and sustained.

The absence of systematic follow-up and outcome recording further undermined learning and stewardship. While prescriptions were logged, information on why a drug was prescribed or whether it worked was rarely captured. As a result, current monitoring frameworks risk reducing stewardship to a quantitative exercise, centered on counting doses without reporting appropriateness or outcomes. This process erodes the principles of evidence-based medicine (58, 59), from which the veterinary profession derives its capacity for improvement. Efforts to optimize antimicrobial use will remain constrained without embedding follow-up and outcome recording.

An important dimension running through all the themes is imagination: how animals are imagined in terms of their value, how their needs are imagined in practice, and how treatments are imagined in light of legislation and client expectations. Often, decisions were shaped more by these assumptions than by systematic diagnostics. Although imagination may enable fast thinking (54, 56), it undermines stewardship when choices prioritize the preferences of clients, employers, colleagues, or even professional self-satisfaction over the actual needs of the animal. Addressing this requires improving communication with stakeholders and explicitly recognizing conflicts of interest. Yet our findings also show that these tensions are rarely discussed openly in veterinary training. Students were acutely aware of how species were valued and questioned why mentors handled them differently. Still, this critical appraisal seemed to diminish once they entered practice, where legal frameworks, farm infrastructures, and client demands became overriding pressures. Opening space for dialogue, beginning in training and continuing throughout professional life, would enable veterinarians to critically appraise their clinical decisions and the human values embedded in them. Balancing those values with the needs of animals themselves would foster more optimal use of antimicrobials, reduce the risk of resistance, and enhance professional satisfaction.



5 Conclusion

This study draws on social practice theory to demonstrate the complexity of decision-making and the role of context underlying veterinary practice relating to AMU. Veterinarians do not work in isolation; they are strongly influenced by their inherent assumptions of client expectations and animal value, as well as the values of the system in which they operate. We can only appreciate the nuances surrounding veterinary antimicrobial practice in different geographical contexts and species by considering the wider system. Our findings highlight the hierarchy of care within veterinary practice that drives decision-making and treatment choice depending on the perceived value of the animal concerned, ultimately impacting antimicrobial use and animal welfare. The adoption of a treatment-first, rather than diagnostic-led approach, has significant implications for responsible antimicrobial use, stewardship and public health, and we strongly recommend that this is addressed within the veterinary context. Although the study focused on Brazil, Spain, and Sweden, many patterns identified, such as blurred professional boundaries, weak follow-up, and treatment-first logics, are shaped by structural rather than economic factors. Similar dynamics are likely to occur across and within countries, suggesting stewardship efforts should focus on improving diagnostic support, communication systems, and feedback mechanisms wherever these structural gaps persist.



Data availability statement

Due to privacy considerations, full interview transcripts will not be shared, as many participants come from a small community and may risk identification. However, the corresponding author can summarize relevant interview quotes upon reasonable request. Requests to access the datasets should be directed to Dr. Gabriela Olmos Antillón, gabriela.olmos.antillon@slu.se, gabriela.olmosantillon@gmail.com.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Complutense University of Madrid (UCM) registered and approved the study under reference CE_20210715-5_SAL in Spain. The Ethics Committee on Human Research of the Federal University of Santa Catarina (CEPSH/UFSC) under decision n. 4.567.386 in Brazil. In Sweden, in consultation with the Ethics and Legal Department at the Swedish University of Agricultural Sciences (SLU) and in agreement with the Swedish Ethical Authority, it was determined that the study did not require a special permit according to Swedish law (SFS 2003:460). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

GO: Funding acquisition, Writing – original draft, Supervision, Project administration, Formal analysis, Writing – review & editing, Software, Investigation, Visualization, Data curation, Resources, Validation, Methodology, Conceptualization. IB-P: Methodology, Formal analysis, Conceptualization, Data curation, Writing – review & editing, Visualization, Investigation, Funding acquisition, Validation, Resources. RA-G: Data curation, Resources, Formal analysis, Investigation, Writing – review & editing, Validation. JH: Writing – review & editing, Funding acquisition, Formal analysis, Methodology, Data curation, Investigation, Validation, Conceptualization. MH: Software, Conceptualization, Funding acquisition, Writing – review & editing, Investigation, Resources, Writing – original draft, Data curation, Validation, Formal analysis, Visualization, Methodology.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The Swedish Research Council Formas, Grant number 2019-00324, funded the study.



Acknowledgments

We want to express our deepest gratitude to the late Prof. Henry Buller, whose initial mentorship was fundamental to this project and without whom this work would not have been possible. We also gratefully acknowledge Prof. emeritus Miguel Ángel Moreno Romo, Prof. emeritus Ulf Emanuelson, Prof. emeritus Sándor Belák, Dr Belén Casales Morici, Therese Granlund, Dr Ragnvi Hagman, Dr Kerstin Bergvall, and Prof. Nils Fall for their invaluable contributions and support. Finally, we sincerely thank all the interview participants for their time and insights, which made this research possible.



Conflict of interest

The authors declare that the research was conducted without any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that Gen AI was used in the creation of this manuscript. We acknowledge using ChatGPT (https://chat.openai.com/) to identify improvements in the writing style.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Jasovský D, Littmann J, Zorzet A, Cars O. Antimicrobial resistance—a threat to the world's sustainable development. Ups J Med Sci. (2016) 121:159–64. doi: 10.1080/03009734.2016.1195900
	 2. Baudoin F, Hogeveen H, Wauters E. Reducing antimicrobial use and dependence in livestock production systems: a social and economic sciences perspective on an interdisciplinary approach. Front Vet Sci. (2021) 8:1–14. doi: 10.3389/fvets.2021.584593
	 3. Updating the Global Action Plan on AMR - The Global Action Plan on AMR (GAP-AMR). Quadripartite Jt Secr WHO FAO WOAH UNEP. (2025). Available online at: https://www.qjsamr.org/technical-work/updating-the-global-action-plan-on-amr (Accessed September 17, 2025).
	 4. World Health Organization. Global Action Plan on Antimicrobial Resistance. Geneva: World Health Organization. (2015). p. 28. Available online at: https://iris.who.int/handle/10665/193736 (Accessed September 10, 2025).
	 5. EU-JAMRAI. About EU-JAMRAI Joint Action Antimicrobial Resistance and Healthcare-Associated Infections. EU-JAMRAI. (2024). Available online at: https://eu-jamrai.eu/about/ (Accessed September 17, 2025).
	 6. Beber CL, Aragrande M, Canali M. Policies and strategies to control antimicrobial resistance in livestock production: a comparative analysis of national action plans in European Union Member States. Health Policy. (2025) 152:105238. doi: 10.1016/j.healthpol.2024.105238
	 7. Blue S, Shove E, Carmona C, Kelly MP. Theories of practice and public health: understanding (un)healthy practices. Crit Public Health. (2016) 26:36–50. doi: 10.1080/09581596.2014.980396
	 8. Shove E, Pantzar M, Watson M. The Dynamics of Social Practice: Everyday Life and How it Changes. London: SAGE Publications Ltd (2025).
	 9. Bengtsson B, Greko C. Antibiotic resistance–consequences for animal health, welfare, and food production. Ups J Med Sci. (2014) 119:96–102. doi: 10.3109/03009734.2014.901445
	 10. European Medicines Agency. European Sales and Use of Antimicrobial for Veterinary Medicine (ESUAvet). Annual Surveillance Report for 2023. European Medicines Agency (2025). Available online at: https://www.ema.europa.eu/en/documents/report/european-sales-use-antimicrobials-veterinary-medicine-annual-surveillance-report-2023_en.pdf
	 11. Regulation - 2019/6 - EN - EUR-Lex. French. (2019). Available online at: https://eur-lex.europa.eu/eli/reg/2019/6/oj/eng (Accessed September 17, 2025).
	 12. Mulchandani R, Wang Y, Gilbert M, Van Boeckel TP. Global trends in antimicrobial use in food-producing animals: 2020 to 2030. PLOS Glob Public Health. (2023) 3:e0001305. doi: 10.1371/journal.pgph.0001305
	 13. Plan Nacional Resistencia Antibióticos. Plan Nacional frente a la Resistencia a los Antibióticos (PRAN) 2019-2021. PRAN. Spanish. (2019). Available online at: https://resistenciaantibioticos.es/es/publicaciones/plan-nacional-frente-la-resistencia-los-antibioticos-pran-2019-2021 (Accessed September 18, 2025).
	 14. Plan Nacional Resistencia Antibióticos. Plan Nacional frente a la Resistencia a los Antibióticos (PRAN) 2022-2024. PRAN (2022). Spanish. Available online at: https://resistenciaantibioticos.es/es/publicaciones/plan-nacional-frente-la-resistencia-los-antibioticos-pran-2022-2024 (Accessed September 18, 2025).
	 15. Plan Nacional Resistencia Antibióticos. Informe Anual 2019-2020 Plan Nacional frente a la Resistencia a los Antibióticos. PRAN (2020). Spanish. Available online at: https://resistenciaantibioticos.es/es/publicaciones/informe-anual-2019-2020-plan-nacional-frente-la-resistencia-los-antibioticos (Accessed September 18, 2025).
	 16. Plan Nacional Resistencia Antibióticos. Informe anual 2020-2021 Plan Nacional frente a la Resistencia a los Antibióticos. PRAN (2021). Spanish. Available online at: https://resistenciaantibioticos.es/es/publicaciones/informe-anual-2020-2021-plan-nacional-frente-la-resistencia-los-antibioticos (Accessed September 18, 2025).
	 17. Ministerio de Agricultura Pesca y Alimentacion. Notas informativas sobre la normativa de los medicamentos veterinarios - Nota aclaratoria sobre la aplicación de medicamentos veterinarios en animales de compañia no identificados. (2025). Spanish. Available online at: https://www.mapa.gob.es/dam/mapa/contenido/ganaderia/temas/sanidad-animal-e-higiene-ganadera/higiene-ganadera/medicamentos-veterinarios/report_report_mapa-dgdanotaaplicacionmedicamentosveterinariosenanimalesnoidentificadosver2.pdf (Accessed September 18, 2025).
	 18. Ministerio de la Presidencia Relaciones con las Cortes y Memoria Democrática. Real Decreto 666/2023, de 18 de julio, por el que se regula la distribución, prescripción, dispensación y uso de medicamentos veterinarios. (2023). Spanish. Available online at: https://www.boe.es/eli/es/rd/2023/07/18/666 (Accessed September 18, 2025).
	 19. Fundación Vet+i Plataforma Tecnológica Española de Sanidad Animal. Guías de Uso Responsable. Vet Responsab. (2011). Spanish. Available online at: https://www.vetresponsable.es/vetresponsable/guias/guias-de-uso-responsable_3942_347_4088_0_1_in.html (Accessed September 18, 2025).
	 20. Guía terapéutica de antimicrobianos veterinarios. PRAN. Spanish. (2021). Available online at: https://resistenciaantibioticos.es/es/lineas-de-accion/control/guia-terapeutica-antimicrobianos-veterinarios (Accessed September 18, 2025).
	 21. Ministério da Agricultura Pecuária e Abastecimiento Secretaria de Defensa Agropecuária do Brasil. Instrução Normativa SDA/MAPA n ° 1, de 13 de janeiro de 2020 - Proíbe, em todo território nacional, a importação, a fabricação, a comercialização e o uso de aditivos melhoradores de desempenho que contenham os antimicrobianos tilosina, lincomicina, e tiamulina, classificados como importantes na medicina humana. Portuguese. (2020). Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/resistencia-aos-antimicrobianos/legislacao/INSTRUONORMATIVAN1DE13DEJANEIRODE2020.pdf (Accessed September 28, 2025).
	 22. Ministério da Agricultura e Pecuária. PAN-BR AGRO. (2021). Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/resistencia-aos-antimicrobianos/publicacoes/pan-br-agro (Accessed September 18, 2025].
	 23. Presidência da República Casa Civil Brasil. LEI No 5.517, DE 23 DE OUTUBRO DE 1968 - Dispõe sôbre o exercício da profissão de médico-veterinário e cria os Conselhos Federal e Regionais de Medicina Veterinária. Portuguese. (1968). Available online at: https://www.planalto.gov.br/ccivil_03/leis/l5517.htm (Accessed September 18, 2025).
	 24. Ministério da Agricultura Pecuária e Abastecimiento Rabelo RC. Guia de Uso Racional de Antimicrobianos para Cães e Gatos. Brasília, DF: Ministério da Agricultura, Pecuária e Abastecimento. (2022). Portuguese. Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/resistencia-aos-antimicrobianos/publicacoes/livroantimicrobianosv22.pdf
	 25. Ministério da Agricultura Pecuária e Abastecimiento. Legislação relacionada aos produtos de uso veterinário (Portuguese). Brasilia: Ministério da Agricultura, Pecuária e Abastecimento (MAPA)/Secretaria de Defesa Agropecuária (2012).
	 26. Kich JD, de Souza GN. Uso racional de antimicrobianos na saúde animal. (2020). Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/resistencia-aos-antimicrobianos/publicacoes/WAAW2020BrasilPalestra2JalusaKich.pdf (Accessed September 18, 2025).
	 27. Ministério da Agricultura Pecuária e Abastecimiento. Uso responsável de antimicrobianos na saúde animal. (2021). Portuguese. Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/resistencia-aos-antimicrobianos/uso-responsavel-de-antimicrobianos (Accessed September 23, 2025).
	 28. Ministério da Agricultura Pecuária e Abastecimiento. Carta de Alerta ao médico veterinário – Uso responsável de produtos veterinários. (2020). Portuguese. Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/produtos-veterinarios/produtos/documentos-orientativos/carta-de-alerta-ao-medico-veterinario-2013-uso-responsavel-de-produtos-veterinarios/view (Accessed September 23, 2025).
	 29. Ministério da Agricultura Pecuária e Abastecimiento. Instrução normativa n. 35, de 11 de setembro de 2017. Portuguese. (2017). Available online at: https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/produtos-veterinarios/legislacao-1/instrucoes-normativas/INSTRUONORMATIVASDAMAPAN35DE11092017Controlados.pdf (Accessed September 28, 2025).
	 30. Ministério da Agricultura Pecuária e Abastecimiento Secretaria de Defesa Agropecuária Departamento de Fiscalização de Insumos Pecuários. Produtos Veterinários: Orientações Para O Uso Responsável. 1ra ed. Brasília, DF: MAPA (2008). Portuguese. Available online at: http://www.agricultura.gov.br
	 31. Vetenskaprådet. Strategisk forskningsagenda Nationella forskningsprogrammet om antibiotikaresistens (Swedish). Stockholm: Vetenskapsrådet (Swedish Research Council) (2019).
	 32. Regeringskansliet. En EU-anpassad djurläkemedelslagstiftning. (2021). Swedish. Available online at: https://www.regeringen.se/rattsliga-dokument/statens-offentliga-utredningar/2021/05/sou-202145/ (Accessed September 18, 2025).
	 33. Jordbruksverket. Läkemedel för djur. (2023). Swedish. Available online at: https://jordbruksverket.se/djur/personal-och-vardgivare-inom-djurens-halso–och-sjukvard/lakemedel-for-djur (Accessed September 24, 2025).
	 34. Jordbruksverket. Anti-biotic Resistance. (2025). Available online at: https://jordbruksverket.se/languages/english/swedish-board-of-agriculture/animals/animal-health/antibiotic-resistance (Accessed September 18, 2025).
	 35. Läkemedelsverket. Veterinary Medicinal Products Regulation. Swedish Medical Products Agency (2025). Available online at: https://www.lakemedelsverket.se/en/medicinal-products-for-animals/regulations/veterinary-medicinal-products-regulation (Accessed September 18, 2025).
	 36. Läkemedelsverket. Läkemedelsverkets föreskrifter (HSLF-FS 2021:75) om förordnande och utlämnande av läkemedel och teknisk sprit. (2021). Swedish. Available online at: https://www.lakemedelsverket.se/sv/lagar-och-regler/foreskrifter/2021-75-konsoliderad (Accessed September 24, 2025).
	 37. Sveriges Veterinärförbund. Antibiotikapolicy. (2025). Available online at: https://www.svf.se/foerbundet/policydokument/antibiotikapolicy/ (Accessed September 18, 2025).
	 38. Sveriges Veterinärförbund. Antibiotikariktlinjer hund och katt. (2022). Swedish. Available online at: https://www.svf.se/foerbundet/policydokument/antibiotikapolicy/antibiotikariktlinjer-hund-och-katt/ (Accessed September 18, 2025).
	 39. Sveriges Veterinärförbund. Antibiotikariktlinjer nötkreatur och gris. (2019). Swedish. Available online at: https://www.svf.se//media/segp21ok/abriktlinjer-no-tkreatur-och-gris-rev2019.pdf#/media/media/edit/11574 (Accessed September 18, 2025).
	 40. Swedish Veterinary Agency. Antibiotic Use for Animals in Sweden. SVA (2025). Available online at: https://www.sva.se/en/what-we-do/antibiotics/antibiotic-use-for-animals-in-sweden/ (Accessed September 24, 2025).
	 41. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. (2006) 3:77–101. doi: 10.1191/1478088706qp063oa
	 42. Braun V, Clarke V. Conceptual and design thinking for thematic analysis. Qual Psychol. (2022) 9:3–26. doi: 10.1037/qup0000196
	 43. Braun V, Clarke V. One size fits all? What counts as quality practice in (reflexive) thematic analysis? Qual Res Psychol. (2021) 18:328–52. doi: 10.1080/14780887.2020.1769238
	 44. Braun V, Clarke V. To saturate or not to saturate? Questioning data saturation as a useful concept for thematic analysis and sample-size rationales. Qual Res Sport Exerc Health. (2021) 13:201–16. doi: 10.1080/2159676X.2019.1704846
	 45. Braun V, Clarke V, Hayfield N, Terry G. Thematic analysis. In:Liamputtong P, , editor. Handbook of Research Methods in Health Social Sciences. Singapore: Springer Singapore (2019). p. 843–60. doi: 10.1007/978-981-10-5251-4_103
	 46. FAO. Antimicrobial Resistance Policy Review and Development Framework - A Regional Guide for Governments in Asia and the Pacific to Review, Update and Develop Policy to Address Antimicrobial Resistance and Antimicrobial Use in Animal Production. Bangkok (2018). Available online at: https://cdn.who.int/media/docs/default-source/searo/amr/amr-policy-review.pdf (Accessed September 28, 2025).
	 47. Horta O. What is speciesism? J Agric Environ Ethics. (2010) 23:243–66. doi: 10.1007/s10806-009-9205-2
	 48. Buller H. Individuation, the mass and farm animals. Theory Cult Soc. (2013) 30:155–75. doi: 10.1177/0263276413501205
	 49. Ginn F. Sticky lives: slugs, detachment and more-than-human ethics in the garden. Trans Inst Br Geogr. (2014) 39:532–44. doi: 10.1111/tran.12043
	 50. Durrant R. Invertebrate life in the anthropocene. In:Durrant R, , editor. Invertebrate Justice: Extending The Boundaries of Non-Speciesist Green Criminology. Cham: Springer Nature Switzerland (2024). p. 49–87. doi: 10.1007/978-3-031-64443-6_3
	 51. Hötzel MJ, Vandresen B. Brazilians' attitudes to meat consumption and production: present and future challenges to the sustainability of the meat industry. Meat Sci. (2022) 192:108893. doi: 10.1016/j.meatsci.2022.108893
	 52. Dutra MC. Uso de antimicrobianos em suinocultura no Brasil: análise crítica e impacto sobre marcadores epidemiológicos de resistência. [Doutorado em Epidemiologia Experimental Aplicada às Zoonoses]. São Paulo: Universidade de São Paulo (2018). Portuguese.
	 53. Díaz EM, Merino A, Nuñez-Partido A. The sounds of silence: ‘pivoting' as a rhetorical strategy of the animal farming industry to maintain the institution of meat. Agric Hum Values. (2025) 42:2129–50. doi: 10.1007/s10460-025-10759-4
	 54. Tversky A, Kahneman D. Judgment under uncertainty: heuristics and biases. Science. (1974) 185:1124–31. doi: 10.1126/science.185.4157.1124
	 55. Whitehead ML, Canfield PJ, Johnson R, O'Brien CR, Malik R. Case-based clinical reasoning in feline medicine: 3: use of heuristics and illness scripts. J Feline Med Surg. (2016) 18:418–26. doi: 10.1177/1098612X16643251
	 56. Wegwarth O, Gaissmaier W, Gigerenzer G. Smart strategies for doctors and doctors-in-training: heuristics in medicine. Med Educ. (2009) 43:721–8. doi: 10.1111/j.1365-2923.2009.03359.x
	 57. Twine R. Animals on drugs: understanding the role of pharmaceutical companies in the animal-industrial complex. J Bioethical Inq. (2013) 10:505–14. doi: 10.1007/s11673-013-9476-1
	 58. Mills D, Reiss M, Campbell M. Evidence-based veterinary medicine at 20 – a commentary on historical, philosophical, practical and ethical aspects. Vet Evid. (2025) 10:1–31. doi: 10.18849/ve.v10i3.710
	 59. Block G. Evidence-based veterinary medicine—potential, practice, and pitfalls. J Vet Intern Med. (2024) 38:3261–71. doi: 10.1111/jvim.17239
	Copyright
 © 2025 Olmos Antillón, Blanco-Penedo, Albernaz-Gonçalves, Hockenhull and Hötzel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.









 


	
	
ORIGINAL RESEARCH
published: 02 December 2025
doi: 10.3389/fvets.2025.1725279








[image: image2]

Working like a mule? The physiological toll of heavy loads on mules

Tamara Tadich1*†, Javiera Calderón-Amor2†, Igor González3, Bárbara Palma4 and Javiera Lagos5


1Instituto de Ciencia Animal, Facultad de Ciencias Veterinarias, Universidad Austral de Chile, Valdivia, Chile

2Programa de Doctorado en Ciencias Veterinarias, Escuela de Graduados, Facultad de Ciencias Veterinarias, Universidad Austral de Chile, Valdivia, Chile

3Facultad de Ciencias de la Vida, Universidad de Viña del Mar, Viña del Mar, Chile

4Escuela de Medicina Veterinaria, Universidad de Chile, Santiago, Chile

5Programa de Doctorado en Ciencias Silvoagropecuarias y Veterinarias, Universidad de Chile, Santiago, Chile

Edited by
 Gabriela Olmos Antillón, Swedish University of Agricultural Sciences, Sweden

Reviewed by
 Jo Hockenhull, University of Bristol, United Kingdom
 Denise Pereira Leme, Santa Catarina State University, Brazil
 

*Correspondence
 Tamara Tadich, tamara.tadich@uach.cl 

†These authors have contributed equally to this work

Received 14 October 2025
Revised 04 November 2025
Accepted 05 November 2025
Published 02 December 2025

Citation
 Tadich T, Calderón-Amor J, González I, Palma B and Lagos J (2025) Working like a mule? The physiological toll of heavy loads on mules. Front. Vet. Sci. 12:1725279. doi: 10.3389/fvets.2025.1725279
 





Background: Working mules are essential for human livelihoods, yet scientific evidence on their physiological limits during load-carrying tasks remains scarce.
Objectives: To evaluate the physiological responses of mules to increasing loads during short-distance work.
Study design: A crossover design. For this, 12 Chilean Army mules of three sizes (small, medium, large) were subjected to a 2-km walk carrying loads of 0, 80, 105, and 130 kg, equivalent to 20–42% of live body weight, under ambient temperatures of 32–39 °C. Blood and physiological parameters were measured before, immediately after, 10 min, and 2 h after work, with additional blood samples for biochemical parameters collected up to 105 h after exercise. Linear mixed models were applied to evaluate the effects of load, time, and body size.
Results: The size of the mule did not have an effect on their physiological response to work. On the other hand, increasing load significantly elevated cortisol, lactate, and rectal temperature, indicating activation of both the hypothalamic–pituitary–adrenal axis and anaerobic metabolism. Enzymatic activities of γ-glutamyltransferase (GGT), lactate dehydrogenase (LDH), and alkaline phosphatase (SAP/ALP) also increased with heavier loads, suggesting greater muscular effort and mild tissue stress. Conversely, glutathione peroxidase (GPx) activity decreased as load increased, implying increased oxidative demand. Total protein and neutrophil-to-lymphocyte ratios rose with higher loads, reflecting systemic stress response and hemoconcentration. Heart rate and respiratory rate were not significantly affected, suggesting adequate cardiovascular adaptation. Most parameters returned to baseline within 2 h post-exercise, demonstrating effective short-term recovery.
Conclusion: These findings confirm that short-distance work carrying heavy loads, in particular over 105 kg, does activate a physiological stress response in mules, though within adaptive limits. Loads of 105–130 kg triggered greater metabolic and enzymatic adjustments, indicating that while trained mules can cope with high loads over short distances, care should be taken when asking mules to work for longer distances or heavier loads since it can negatively affect their welfare. Establishing evidence-based workload thresholds is essential for balancing performance efficiency and welfare in working mules. Future studies should evaluate long-term work under field conditions, incorporating other welfare indicators such as behavior for a more comprehensive welfare assessment.

Keywords
 hybrid; workload; welfare; physiology; animal based indicators


1 Introduction

Working equids are considered as an essential component of livelihood, and can be considered part of the natural, physical, social and financial capital of people (1) increasing resilience capacity of communities (2). The social and economic contribution of equids to livelihoods can be direct (provision of transportation services) or indirect (plowing the land for obtaining agricultural products), this is why underestimating their impact could negatively affect society (3).

Equids, and particularly mules, also remain being used as key elements for military purposes (4), playing a major role as animals of burden, messengers, protectors (5), and as an essential means of transport during natural disasters, when the army needs to access remote areas in order to rescue people or provide supplies. Mules have played a key role in transporting armaments, soldiers and their supplies (6), and become even more relevant in countries such as Chile with a long mountainous frontier, which can be of difficult access for mechanized vehicles and for horses.

Mules have been considered to be superior than horses for some types of work, because they are thought to have a higher endurance capacity, better quality of hooves, less feed requirements, and higher longevity/working life span (7–9). In mountainous areas they have a more secure step and a temperament that makes them an excellent pack animal compared with horses (7). Studies in different countries have shown a predilection for mules over donkeys and horses, but mules are usually less available and thus considered more valuable (8, 10). Nevertheless, little is known about their physiology and adaptation to work, and although they might not be displaying many signs of suffering, their welfare state could be compromised during some work activities.

Animal welfare is a multidimensional concept, the welfare of an individual has been defined by Broom (11) as “its state as regards its attempts to cope with its environment,” with an individual being able to cope with little efforts and expenditure of resources (energy) or it may fail to cope at all, in which case its welfare is poor. The term coping refers to the physiological and behavioral efforts (adjustments) of an animal to master a situation (12, 13), which can be assessed through animal-based measures of animal welfare, such as blood parameters. Army mules need to be able to cope with different types of work intensity, for example working with different loads, climate conditions and on difficult terrains. Studies assessing the welfare of working mules usually incorporate some animal-based measures as presence of wounds, inflammation processes, body condition scores and negative behaviors (14–17, 35). Nevertheless, there is a little amount of literature assessing their physiological response to work (18) and to our knowledge none with a controlled design.

Throughout exercise and training, the animal’s body should make certain physiological adjustments, adaptations or responses in a short term. If the animal is well adapted to its work, it has to perform it should be able to recover to baseline levels within a given time period. Mules from the army require training in order to adapt to work and avoid poor welfare. This adaptation can be assessed through their physiological adjustments (19), in order to estimate the impact of work and determine whether individuals are able to cope.

The factors that could directly affect the welfare of mules during work include endogenous and exogenous stressors (19). Among endogenous factors are those constraints induced by exercise, including physiological adjustments such as changes in blood composition. Exogenous stressors include the use of inefficient implements, overwork in terms of excessive load or long working hours, climatic conditions and inadequate interaction with the person leading the mule which may result in carelessness (7). Although equids are in general unique athletes, many of these stressors would not occur under natural conditions, and are mainly the result of overwork, poor training, and poor management.

During exercise, rapid changes occur in some blood parameters, most of them associated to the stress response and activation of the sympatho-adrenmedullar system (SAS) and the hypothalamic–pituitary–adrenal (HPA) axis. Red blood cells volume should be expected to increase, due to splenic contraction as a result of SAS activity (20). Cathecolamines, which promote glycogen breakdown in the muscle and liver and inhibition of insulin release, will also promote an increase of blood glucose concentration, increasing substrate availability for the working muscle (20). Glucocorticoids have been widely used as a stress and welfare indicator (21). The activation of the neuroendocrine stress response results in increases of serum cortisol concentrations that appear to better reflect duration of workload rather than intensity (20, 43), which together with changes in the neutrophil:lymphocyte (N: L) ratio seems to provide a reliable indicator of welfare (22). These parameters have been previously used to assess the effect of work in urban draft horses (23) finding significant changes after work, but with individuals being able to return to basal concentrations within 10 min afterwards. These parameters have not been assessed for packed work in mules.

Changes occurring during exercise can also lead to muscle cell fatigue and damage. Hyperkaliemia is expected as a result of loss by muscle cells during muscular contraction. Hyperkaliemia induces muscular fatigue by decreasing the muscular cell membrane potential causing conduction disturbance (19). Hyperlactacidemia can also be expected once the intensity of exercise reaches a certain level and energy starts to be provided by anaerobic metabolism (19, 43). This muscular acidemia is also responsible for muscular fatigue due to disturbance in mitochondrial function, impairment of glycolysis and decline in muscle ATP concentration. Blood lactate has shown to have a significant correlation with plasma ACTH, noradrenalin, and adrenalin response during exercise, which are sensitive indicators of exercise intensity (20, 24). When exercise is prolonged under this scenario (overwork) the result can be muscle strain leading to muscle damage and myopathy (25), particularly when individuals have not been trained properly. Muscular damage can result in inflammation resulting from high intensity work, particularly when carrying a load by means of implements that are not correctly positioned on the mules back, causing lesions. An increase in blood concentrations of enzymes that can be related to muscular damage can also be assessed such as creatinphosphokinase (CK), lactate deshydrogenase (LDH) and aspartate aminotransferase (AST). These markers have been previously used to assess the impact of rodeo exercise in Chilean horses and the effects of work in urban draft horses, finding significant increases (23, 26).

Hyperthermia can also be used to assess how the animal is coping with exercise. The muscular contraction that occurs during exercise will necessitate energy, which is provided by ATP degradation. Because conversion from stored chemical energy into mechanical energy is relatively inefficient, approximately 80% of energy will be lost as heat (19). Increased heart rate also occurs during work since the sympathoadrenal axis is activated in order to enhance oxygen delivery by stimulating the heart and increasing cardiac output up to 10-fold (20). For example, heart rate in horses can vary from 25–30 bpm to 220–240 bpm during maximal exercise, this would be the case of a race horse (19). The respiratory rate increases almost instantaneously in equids, their oxygen consumption and ventilation can increase by factors of more than 60 and 30, respectively, (19).

The type and extent of changes occurring during exercise will influence the time required for the animal to recover afterwards. For example, cathecolamine’s plasmatic half-life is of less than 30 s, and within a few minutes’ concentrations return to baselines (27), while recovery of glycogen stores is slower and can take up to 72 h to reach pre exercise concentrations. In cases where muscle damage occurs, soreness and stiffness may be detectable immediately after exercise or 1–3 days after. On the other hand, physiological changes associated to heart and respiratory rate, body temperature, pulse and oxygen saturation should recover pre exercise values between 10 min and 2 h afterwards (23, 28). These physiological parameters have been previously used as a measure of work intensity on Zanskar ponies carrying different loads (28). These differences in time should be taken into account in the design of the study in order to not underestimate or overestimate the physiological adjustments.

This is why the aim of this study was to assess the effect of three different loads on physiological indicators of the coping capacity of mules during a short distance work.



2 Materials and methods

This study was approved by the Animal Care and Use Committee of the Universidad de Chile, certificate N°19263-VET-UCH.

Animals: Twelve mules between 8 and 13 years old of three different sizes were selected (four small mules with an average height to the withers of 132cm and an average live weight of 325kg, four medium mules with and average height to the withers of 140cm and an average live weight of 363kg, and four large mules with an average height to the withers of 160cm and an average live weight of 383kg). The sizes were selected according to a previous morphological study on Chilean Army mules (29). They were crossbred mares with Boudet du Poitou or crossbred donkeys. Mules are bred by the Army at their breeding farms and at the age of 4 years they are destined to the units to start work. All mules belong to Detachment No. 3 “Yungay,” located in the city of Los Andes. During the trial, the mules were maintained on their routine diet, which consisted of 7 kg of alfalfa hay daily and water ad libitum.

Load Carrying Tests: During the end of spring (November and December), 12 mules were evaluated while traveling 2 km carrying loads of three different weights (L1: 80 kg, L2: 105 kg, and L3: 130 kg). The weight of each treatment includes the weight of the harnessing system plus bags of gravel until the total weight is reached. The trips were made at 10–12 day intervals (washout period), with four mules per weight assigned to each trip. These mules were randomly rotated on subsequent trips, using a crossover trial design. As a control, one trip without carrying weight (control treatment, L0) was also performed. For all trips mules were hand-led by a military, this means that each mule has a soldier who leads from the ground. This is the routine way in which packed mules are worked at the Army, meaning mules cannot choose their own speed.

Mules are usually housed in group (approximately 80 mules) in a paddock and hay is offered from the ground, while those that are being worked are housed individually for the days being exercised and they receive their hay in a trough. At the end of summer all mules are sent for a resting period to a larger field where they graze for approximately 45 days before returning to their routine.

The calculation of the transported weights was based on the weight of the packsaddle and harness normally used by Army mules (average 23 kg). The weight of the transported packs was then calculated for each treatment, using gravel as the load, subtracting the weight of the packsaddle. The 80 and 105 kg treatments carried two packs of equal weight (one tied to each side of the packsaddle), and the 130 kg treatment added a third pack, tied to the dorsal area of the packsaddle.

Before each experiment, a clinical examination was performed to determine the health status, ruling out mules with signs of illness. The examination consisted in ruling out signs of lameness, pain, lesions, fever and abnormalities associated to heart and respiratory rate. Seven blood sampling times were established: T0: before starting work; T1: immediately after work; T2: 10 min after completing the 2km walk; T3: 2 h after work; T4: 24 h after work; T5: 72 h after work and T6: 105 h after work.

Heart rate (HR), respiratory rate (RR), rectal temperature (RT), cortisol, lactate, and glucose were assessed only at T0, T1, T2, and T3. Lactate and glucose were measured in the field using test strips and a Roche® Accutrend Plus meter and a Uright® Plus 1 meter, respectively. HR was assessed using a stethoscope, RR was assessed by observing chest and abdominal movement, and rectal temperature was measured using a digital thermometer.

Blood samples: Prior to the experiments, all mules underwent jugular vein catheterization to facilitate sample collection. At each sampling time, 15 mL of blood were obtained and divided into three tubes: one with EDTA for hematology, one with heparin for the glutathione peroxidase (GPx) enzyme, and one without additives for the biochemical profile and cortisol concentration. The variables evaluated were the following: Hematological variables (Agglomerated red blood cell volume, N: L ratio, and total proteins); Biochemical variables [Glucose, lactate, potassium, creatine kinase (CK), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), Alkaline Phosphatase (SAP/ALP) and glutathione peroxidase (GPx)]; Hormones [Cortisol (CORT)]. All blood analyses were done as in Lagos and Tadich (30).

Other variables registered were ambient temperature, humidity, altitude and slope using a GPS device (Garmin® forerunner 645) and an anemometer (Benetech® GM816).

All statistical analyses were conducted using R software version 4.1.0 (R Development Core Team, 2021®). All blood variables were corrected according to their baseline value and this difference was used in the statistical analyses.

We employed linear mixed models via the lme4 package (44), utilizing the lmer function to explore the associations between explanatory factors and blood parameters. The independent variables considered included Time (T0 to T6), Load (0 kg, 80 kg, 105 kg, 130 kg), and Body Size (Small, Medium, Large), alongside interactions between Time and Load. Each mule was treated as a random effect to account for repeated measures. For physiological parameters heart rate, respiratory rate, temperature, glucose, lactate, and cortisol, analyses were limited to the first three sampling times.

To evaluate the effects of the explanatory variables, we used the Type II Wald chi-square tests implemented in the car package (31). Significant effects were further examined using Tukey’s post-hoc adjustments with the emmeans package (32). Preliminary checks for the normality of residuals and homogeneity of variances were performed visually in all models.

The models were specified as follows, with an example for the response variable cortisol:


Cortisol
∼
Time
+
Load
+
Time
×
Load
+
Size
+
(
1
∣
Mule
)
.



3 Results

The 2-km walk was conducted in November and December of 2019, with temperatures ranging from 32 to 39 °C, an average relative humidity of 24%, and an altitude of 856 to 878 meters above sea level. The walk was conducted at an average speed of 4.6 km/h (2.8 mph) and a pace of 12.4 min/km (1.1 mph). The proportion of weight carried was between 20 and 42% of the mules’ live weight (LW), depending on the size of the mule (small, medium and large) and the load carried (80, 105 or 130kg).

Descriptive statistics for all blood parameters categorized by load and sampling time are presented in Table 1. Table 2 summarizes short-term blood responses associated with Glucose, Lactate and Cortisol according to load and sampling time, while descriptive statistics for physiological parameters (heart rate, respiratory rate and rectal temperature) are shown in Table 3 according to load and sampling time. Detailed results from the linear mixed models and post-hoc analyses are provided in Supplementary Annex 1, 2.


TABLE 1 Descriptive statistics (mean ± standard deviation) for each hematological variable across different load conditions and sampling times.


	Variable
	Treatment
	Sampling time



	T0
	T1
	T2
	T3
	T4
	T5
	T6

 

 	Potassium (mmol/L) 	Control 	4.73 ± 0.2 	4.84 ± 9.1 	4.75 ± 0.3 	4.79 ± 0.4 	4.66 ± 0.6 	5.05 ± 0.3 	4.79 ± 0.4


 	80kg 	4.94 ± 0.3 	4.94 ± 0.4 	4.8 ± 0.6 	4.65 ± 0.4 	4.79 ± 0.5 	4.45 ± 0.9 	4.48 ± 0.6


 	105kg 	4.21 ± 0.32 	4.25 ± 0.4 	4.12 ± 0.5 	3.87 ± 0.6 	4.12 ± 0.3 	3.97 ± 1.0 	4.65 ± 6.3


 	130kg 	4.07 ± 0.2 	3.98 ± 0.3 	3.93 ± 0.2 	3.82 ± 0.2 	4.08 ± 0.2 	4.18 ± 0.4 	4.41 ± 0.3


 	Albumin (g/L) 	Control 	32.9 ± 1.93 	31.8 ± 1.6 	31.5 ± 1.8 	31.5 ± 1.6 	31.3 ± 1.9 	31.1 ± 3.53 	32.0 ± 2.0


 	80kg 	33.7 ± 3.3 	32.8 ± 10.1 	35.6 ± 3.6 	34.5 ± 4.4 	33.9 ± 4.2 	33.2 ± 3.4 	33.2 ± 2.4


 	105kg 	30.8 ± 3.7 	31.9 ± 10.0 	31.4 ± 4.8 	29.8 ± 3.1 	32.3 ± 2.6 	32.1 ± 3.2 	33.4 ± 4.2


 	130kg 	31.3 ± 2.5 	33.4 ± 2.3 	33.3 ± 2.7 	31.6 ± 4.2 	30.1 ± 3.6 	29.6 ± 3.9 	32.6 ± 2.9


 	CK (IU/L) 	Control 	238.3 ± 54.3 	233.8 ± 87.6 	233.3 ± 64.1 	183.2 ± 41.8 	186.3 ± 37.6 	171.7 ± 44.5 	174.3 ± 108.2


 	80kg 	204.7 ± 50.7 	216.3 ± 43.2 	203.3 ± 43.4 	192.6 ± 42.7 	145.3 ± 45.5 	140.5 ± 72.8 	193.4 ± 102.7


 	105kg 	238.8 ± 141.0 	253.2 ± 108.3 	223.5 ± 101.2 	188.5 ± 98.6 	206.3 ± 96.4 	220.1 ± 108.4 	366.6 ± 492.6


 	130kg 	287.9 ± 152.3 	332.5 ± 207.3 	307.3 ± 144.2 	222.2 ± 126.2 	200.1 ± 80.1 	247.8 ± 111.3 	182.3 ± 60.1


 	LDH (IU/L) 	Control 	792.08 ± 88.5 	823.3 ± 145.9 	808.8 ± 143.3 	654.8 ± 120.8 	587.7 ± 124.9 	482.3 ± 104.1 	465.4 ± 110.1


 	80kg 	640.9 ± 238.1 	677.2 ± 207.1 	632.7 ± 211.9 	533.4 ± 290.2 	420.9 ± 109.0 	347.1 ± 134.8 	408.9 ± 131.3


 	105kg 	540.2 ± 186.5 	594.4 ± 191.1 	453.0 ± 191.7 	427.3 ± 96.7 	513.1 ± 164.8 	526.9 ± 131.4 	574.8 ± 154.3


 	130kg 	781.9 ± 271.1 	834.6 ± 196.9 	805.3 ± 235.4 	627.6 ± 265.3 	601.5 ± 192.7 	719.8 ± 212.3 	575.0 ± 172.5


 	ALP/SAP (IU/L) 	Control 	242 ± 41.5 	235.6 ± 46.5 	234.2 ± 44.4 	228.5 ± 43.6 	229.1 ± 42.2 	222.2 ± 46.3 	232.2 ± 73.0


 	80kg 	189.7 ± 48.2 	215.5 ± 54.4 	191.7 ± 53.6 	195.9 ± 68.9 	194.5 ± 45.7 	189.0 ± 57.9 	204.7 ± 74.9


 	105kg 	267.8 ± 57.6 	258.4 ± 90.6 	275.7 ± 59.3 	279.8 ± 59.6 	287.8 ± 63.1 	305.8 ± 53.3 	308.7 ± 64.4


 	130kg 	328.8 ± 73.7 	348.7 ± 74.0 	350.9 ± 79.1 	343 ± 71.4 	323.1 ± 69.8 	337.3 ± 73.4 	358.3 ± 94.5


 	AST (IU/L) 	Control 	296.5 ± 26.8 	303.7 ± 52.5 	295.1 ± 28.3 	287.8 ± 36.6 	292.6 ± 23.3 	304.6 ± 30.9 	321.8 ± 50.8


 	80kg 	282.7 ± 49.2 	304.1 ± 50.1 	298.0 ± 49.5 	306.0 ± 49.7 	297.7 ± 46.7 	280.0 ± 68.8 	293.3 ± 55.5


 	105kg 	233.6 ± 32.0 	231.1 ± 76.1 	248.8 ± 61.0 	241.3 ± 46.1 	240.8 ± 42.1 	233.1 ± 62.8 	235.1 ± 42.3


 	130kg 	226.4 ± 38.1 	212.2 ± 58.6 	239.7 ± 49.0 	243.8 ± 61.6 	243.2 ± 44.9 	234.0 ± 38.3 	241.8 ± 30.5


 	GGT (IU/L) 	Control 	38.5 ± 10.8 	34.1 ± 12.02 	34.6 ± 10.1 	27.5 ± 8.4 	28.0 ± 7.1 	26.9 ± 19.8 	22.8 ± 10.4


 	80kg 	35.5 ± 9.03 	34.0 ± 8.4 	30.8 ± 7.4 	25.8 ± 7.2 	21.1 ± 5.9 	23.9 ± 20.9 	22.6 ± 9.7


 	105kg 	31.8 ± 7.4 	32.6 ± 10.5 	27.3 ± 5.3 	25.6 ± 5.5 	26.5 ± 7.4 	29.3 ± 8.9 	30.4 ± 12.8


 	130kg 	31.5 ± 13.9 	34.8 ± 12.2 	33.3 ± 11.9 	28.2 ± 10.6 	27.3 ± 9.9 	33.1 ± 11.8 	31.5 ± 12.2


 	GPx (IU/g Hb) 	Control 	107.2 ± 35.7 	104.2 ± 39.4 	110.5 ± 53.8 	111.4 ± 48.4 	132.8 ± 35.5 	143.2 ± 27.1 	137.7 ± 30.2


 	80kg 	179.4 ± 21.2 	179.6 ± 29.8 	165.6 ± 26.2 	172.9 ± 15.8 	171.9 ± 21.8 	163.8 ± 21.6 	170.1 ± 27.9


 	105kg 	211.7 ± 80.6 	189.0 ± 65.7 	189.1 ± 61.3 	194.7 ± 67.8 	185.4 ± 64.2 	195.3 ± 54.9 	190.0 ± 61.3


 	130kg 	134.0 ± 25.9 	130.9 ± 16.9 	136.8 ± 21.3 	134.5 ± 28.9 	120.5 ± 19.1 	127.1 ± 29.0 	120.0 ± 49.2


 	ARBCV (%) 	Control 	32.4 ± 3.9 	32.2 ± 2.8 	32.6 ± 2.2 	31.4 ± 3.5 	31.8 ± 2.9 	35.2 ± 6.3 	31.7 ± 4.0


 	80kg 	31.9 ± 2.9 	34.6 ± 4.5 	33.6 ± 2.9 	31.6 ± 2.8 	34.2 ± 4.1 	32.6 ± 4.3 	33.6 ± 3.7


 	105kg 	32.3 ± 3.4 	32.9 ± 2.9 	33.0 ± 2.1 	31.8 ± 2.4 	32.3 ± 3.1 	32.4 ± 2.7 	34.5 ± 5.6


 	130kg 	32.9 ± 4.4 	34.4 ± 3.2 	34.1 ± 3.4 	30.2 ± 2.9 	31.2 ± 1.9 	31.8 ± 4.2 	33.4 ± 3.6


 	Neutrophil Limphocyte ratio (N: L) 	Control 	2.2 ± 0.8 	1.8 ± 0.9 	2.3 ± 1.5 	1.8 ± 0.8 	1.5 ± 0.5 	2.3 ± 1.4 	1.9 ± 0.7


 	80kg 	2.0 ± 0.9 	2.1 ± 2.1 	2.0 ± 0.9 	2.2 ± 1.1 	1.8 ± 0.6 	1.6 ± 1.2 	1.6 ± 0.9


 	105kg 	1.6 ± 0.6 	2.0 ± 0.6 	2.3 ± 0.9 	2.6 ± 0.9 	2.6 ± 1.3 	2.1 ± 1.0 	1.7 ± 0.7


 	130kg 	2.5 ± 1.5 	2.2 ± 1.1 	2.2 ± 1.3 	2.4 ± 1.2 	2.3 ± 1.2 	1.6 ± 1.0 	1.5 ± 0.5


 	Total proteins (g/L) 	Control 	72.5 ± 2.9 	72.2 ± 4.9 	71.7 ± 5.4 	72.0 ± 4.9 	71.3 ± 5.2 	70.2 ± 8.2 	72.4 ± 5.8


 	80kg 	72.9 ± 8.3 	77.5 ± 5.7 	77.2 ± 8.2 	75.7 ± 5.1 	72.3 ± 4.6 	70.9 ± 8.7 	71.6 ± 10.7


 	105kg 	73.3 ± 7.1 	77.3 ± 8.0 	75.3 ± 3.4 	73.8 ± 4.7 	76.8 ± 5.3 	79.0 ± 5.0 	78.6 ± 12.5


 	130kg 	79.7 ± 9.5 	83.1 ± 9.6 	81.8 ± 8.4 	82.0 ± 5.8 	78.0 ± 6.5 	78.4 ± 7.2 	82.8 ± 11.2




 


TABLE 2 Descriptive statistics (mean ± standard deviation) for each short term blood variables (Glucose, Lactate and Cortisol) across different load conditions and sampling times.


	Variable
	Treatment
	Sampling times



	T0
	T1
	T2
	T3

 

 	Glucose (mg/dL) 	Control 	57.8 ± 9.2 	54.5 ± 11.6 	57.7 ± 5.5 	65.3 ± 4.5


 	80kg 	70.6 ± 11.0 	64.5 ± 4.9 	66.3 ± 4.7 	71.8 ± 4.5


 	105kg 	69.2 ± 13.8 	66.3 ± 5.4 	64.3 ± 8.4 	72.4 ± 7.0


 	130kg 	64.4 ± 6.9 	66.6 ± 5.0 	63.9 ± 6.0 	71.0 ± 8.1


 	Lactate (mmol/L) 	Control 	2.2 ± 0.8 	1.6 ± 0.4 	1.7 ± 0.6 	2.1 ± 0.8


 	80kg 	1.9 ± 0.6 	2.0 ± 0.6 	2.2 ± 0.6 	2.0 ± 0.6


 	105kg 	1.9 ± 0.6 	1.7 ± 0.9 	2.1 ± 0.8 	2.1 ± 0.7


 	130kg 	1.9 ± 0.4 	2.2 ± 1.2 	2.1 ± 0.9 	2.5 ± 0.6


 	Cortisol (nmol/L) 	Control 	62.8 ± 34.5 	81.1 ± 25.7 	77.0 ± 29.0 	68.5 ± 36.4


 	80kg 	83.0 ± 28.1 	114.7 ± 40.6 	114.1 ± 39.7 	88.3 ± 31.0


 	105kg 	77.4 ± 26.2 	137.8 ± 55.4 	136.5 ± 53.7 	94.4 ± 39.0


 	130kg 	71.8 ± 21.4 	137.5 ± 34.5 	135.6 ± 34.7 	83.6 ± 19.4




 


TABLE 3 Descriptive statistics (mean ± standard deviation) for each physiological variable (Heart rate, Respiratory rate and Rectal temperature) across different load conditions and sampling times.


	Variable
	Treatment
	Sampling time



	T0
	T1
	T2
	T3

 

 	Heart rate (HR) (bpm) 	Control 	40.3 ± 6.9 	53.2 ± 18.8 	44.0 ± 5.1 	40.8 ± 6.5


 	80kg 	36.9 ± 11.3 	57.5 ± 18.4 	46.0 ± 13.8 	36.9 ± 8.5


 	105kg 	40.2 ± 9.7 	65.0 ± 18.5 	48.8 ± 9.9 	39.8 ± 5.6


 	130kg 	42.3 ± 4.9 	65.6 ± 11.9 	51.8 ± 8.0 	40.3 ± 5.3


 	Respiratory rate (RR) (cycles per min) 	Control 	22.7 ± 7.5 	41.7 ± 11.9 	31.2 ± 10.8 	19.3 ± 4.8


 	80kg 	18.8 ± 9.8 	30.7 ± 15.0 	25.3 ± 8.3 	19.6 ± 4.6


 	105kg 	17.2 ± 5.5 	31.5 ± 13.7 	31.5 ± 13.2 	19.3 ± 4.2


 	130kg 	17.2 ± 7.3 	37.3 ± 10.5 	30.0 ± 7.9 	21.2 ± 5.3


 	Rectal temperature (C°) 	Control 	37.1 ± 0.5 	37.6 ± 0.4 	37.7 ± 0.4 	37.2 ± 0.3


 	80kg 	36.0 ± 0.8 	37.1 ± 0.6 	37.0 ± 0.6 	36.7 ± 0.5


 	105kg 	36.1 ± 0.7 	36.7 ± 0.6 	36.7 ± 0.6 	36.6 ± 0.7


 	130kg 	36.4 ± 0.7 	37.1 ± 0.5 	37.0 ± 0.6 	36.6 ± 0.7




 


3.1 Changes in biochemical parameters

For Potassium, the statistical analysis showed a significant interaction between time and load (χ2 = 33.6, p = 0.003). At T5, increasing the load from 0 kg to 105 kg significantly reduced potassium concentrations (p = 0.001), while an increase was observed from 105 kg to 130 kg (p = 0.01). At T6, increasing the load from 80 to 105 kg (p = 0.007) and to 130 kg (p = 0.009) also significantly elevated potassium levels. The main effect of load had a significant effect, reducing potassium levels from 0 kg to 80 kg (p = 0.001) and from 0 kg to 105 kg (p = 0.019). Body size had no significant effect.

When looking at Total proteins the main effect of load was significant (χ2 = 22.75, p < 0.0001), with total protein concentrations rising with increases in load from 0 kg to 105 kg (p < 0.0001) and 130 kg (p = 0.04). Neither the interaction between time and load nor body size affected protein levels.

For enzymes, GGT concentrations were significantly influenced by load (χ2 = 83.79, p < 0.0001). Increases in load from 0 kg to 105 kg (p < 0.0001) and from 0 kg to 130 kg (p < 0.0001) corresponded with higher concentrations of GGT. There were no significant effects from the interaction between time and load or from body size. CK showed a significant main effect of load (χ2 = 7.94, p = 0.04), although post-hoc tests indicated no significant differences. The interaction between time and load, and body size showed no effect. SAP concentrations also showed a significant response to load changes (χ2 = 23.04, p < 0.0001). Higher loads consistently resulted in elevated SAP concentration across the increments from 0 kg to 80 kg (p = 0.006), 105 kg (p = 0.0003), and 130 kg (p = 0.0004). The interactions between time and load, as well as body size, showed no effect. LDH concentrations showed a significant interaction between time and load (χ2 = 46.84, p < 0.0001). Post-hoc tests indicated that, at T5, an increase in load from 0 kg to 105 kg (p < 0.0001) and from 0Kg to 130Kg (p = 0.007) led to a significant increase in LDH. Additionally, at T6, elevating the load from 0kg to 105 kg (p < 0.0001) also resulted in a significant increase in LDH concentration. The main effect of load was also significant (χ2 = 31.33, p < 0.0001). At 105 Kg LDH showed the highest concentration compared to 0Kg (p < 0.0001), 80Kg (p < 0.0001), and 130Kg (p = 0.02). Body size showed no effect. GPx concentrations showed a significant main effect of load (χ2 = 39.25, p < 0.0001); GPx decreased when load increased from 0Kg to 80Kg (p = 0.002), 0Kg to 105Kg (p < 0.0001), and from 0Kg to 130Kg (p = 0.005). The interaction between time and load, and body size showed no effect. Finally, AST showed no significant association with any of the variables.

For variables associated to the hematocrit, the neutrophil:lymphocyte ratio (N: L) showed a significant main effect of load (χ2 = 28.38, p < 0.0001); N: L increased when load increased from 0Kg to 105Kg (p = 0.0008) and from 80 kg to 105 kg (p = 0.008), but decreased again at 130 kg (p < 0.0001). The interaction between time and load, and body size showed no effect. In addition, the Aggregated red blood cell volume (ARBCV) showed a significant response to changes in load (χ2 = 8.45, p = 0.003). The ARBCV diminished when load increased from 80 kg to 130 kg (p = 0.02). The interaction between time and load, and body size had no significant impact.



3.2 Short-term responses

For Cortisol, the main effect of load was significant (χ2 = 40.85, p = 0.003); Cortisol concentration increased when load increased from 0Kg to 80Kg (p = 0.04), from 0Kg to 105Kg (p < 0.0001), and from 0Kg to 130Kg (p < 0.0001). The interaction between time and load, and body size showed no effect. For Glucose, the main effect of load was significant (χ2 = 9.26, p = 0.02); but post-hoc test showed no significant differences. The interaction between time and load, and body size showed no effect. Finally, Lactate showed a significant main effect of load (χ2 = 16.81, p = 0.0007); lactate levels increased when load increased from 0Kg to 80Kg (p = 0.05), from 0Kg to 105Kg (p = 0.007), and from 0Kg to 130Kg (p = 0.002). The interaction between time and load, and body size showed no effect.



3.3 Physiological variables

There was no significant effect of load or time on Heart rate (HR) and Respiratory rate (RR). For Temperature, the main effect of load was significant (χ2 = 12.89, p = 0.004) with a significant increase observed as load increased from 0 kg to 80 kg (p = 0.007), but then showed a slight decrease at 130 kg (p = 0.02). The interaction between time and load, and body size showed no effect.




4 Discussion

The results obtained in this study confirm that an increase in the load carried by mules causes physiological and biochemical changes consistent with greater activation of stress response mechanisms and an increase in the metabolic demand associated with work. In this study, a short distance work of 2km was enough to challenge the mules coping capacity, in particular with loads of 130kg.

In general terms, for all loads, the speed at which mules performed the work did not vary from an average of 4.6 km/h. Although equines adjust their speed in order to optimize their metabolic rate (33), in this study they were hand-led by a military, thus they were not able to choose their own speed. Nevertheless, this speed was higher than that reported for working donkeys by Legha et al. (34). This could be also related to the size of donkeys (110 to 142kg), the fact that they were carrying heavier loads (between 40 and 66% of their LBW) and for a longer distance (up to 9km).

The increase in cortisol and lactate observed with increasing load demonstrates the activation of both the hypothalamic–pituitary–adrenal (HPA) axis and anaerobic metabolism, mechanisms that enable them to cope with situations of intense physical exertion (20, 43). In this sense, the increase in cortisol observed even in short-term work indicates that the load represents a significant stressor, albeit within a physiological range compatible with an adaptive response. Two hours after work (T3), cortisol and lactate already showed concentrations similar to baseline before work. Similar results have been described in urban draft horses subjected to moderate work (23), suggesting that mules exhibit response patterns comparable to those of other equine species. It is important to emphasize that this was a short distance work, and already a significant increase was observed at higher loads. Future studies should be conducted under real conditions, when mules travel for days up the Andes mountains.

Increases in enzymes such as GGT, LDH, SAP/ALP, and CK at higher loads reinforce the interpretation that overload work involves some degree of additional muscular effort and possible mild tissue damage, consistent with previous reports by Snow and Valberg (25) and Art and Lekeux (19). Nevertheless, with the exemption of LDH, all increases were still within normal intervals for mules (30). The presence of a mild inflammation for higher loads is in line with Lagos et al. (35) who described an increase in mule’s back temperature with loads of 105 and 130Kg and of inflammation markers such as Serum Amiloid A (SAA) at 72 and 120 h after work. However, the magnitude of these changes and the absence of clinical signs of fatigue or persistent alterations suggest that the mules were able to regain homeostasis in the hours following work. This is consistent with the idea that well-trained and adapted animals can restore their baseline parameters within a limited period (23, 28).

In the case of GPx, this antioxidant enzyme showed a significant decrease when increasing load. According to a recent meta-analysis by Xie et al. (36) exercise has a significant effect on increasing GPx activity, but with an important heterogeneity between studies, since factors such as gender, season and exercise intensity can have an effect. For example, in Shetland ponies, Kurhaluk et al. (37) found a decrease in this enzyme after exercise, while Vergara and Tadich (23) found no differences after work in urban draft horses used for tourism. Nevertheless, it is important to highlight that average GPx concentration in most sampling times were closer to the lower normal interval limit reported for Chilean mules (30), thus selenium and vitamin E supplementation could be something to consider for working mules, in particular in Chile were forage is poor in this mineral due to volcanic soils (38).

The significant increase in total protein and the neutrophil:lymphocyte ratio with higher loads could reflect both hemoconcentration due to fluid loss during exercise and the influence of glucocorticoids on leukocyte redistribution (22). These results complement the endocrine interpretation of the stress response, demonstrating coordinated systemic activation. We should also consider that in this study potassium concentrations increased significantly when load was increased from 105 to 130kg, but decreased at lower loads. Increases in plasma potassium have been associated to intense exercise when muscle contraction generates an efflux from the muscle cell (45), nevertheless potassium concentration in the present study was always within normal limits (30). On the other hand, a decrease in potassium can be associated to dehydration (39), and although donkeys present less sweating than horses and are considered more tolerant to high temperatures (40), dehydration has not been studied in depth in mules.

After the 2km walk, changes were found in some physiological variables, indicating adjustments in response to exercise (34, 41). For example, HR, RR and rectal temperature are some of the main indicators of the level of effort resulting from exercise in horses (46) and their increase varies depending on the intensity of the exercise performed (42). This is why the progression in the recovery of pre-exercise concentrations is an indicator of adaptation to the physical effort performed (46, 47, 23), so it is expected that an animal adapted to exercise will recover its basal values in a short period of time of approximately 10 min (T2 of this study). Although HR and RR did increase after work (T1), these increases were not significant for any of the loads. On the other hand, rectal temperature increased with increasing load, consistent with exercise-associated metabolic heat production (19). However, the stability of heart and respiratory rates suggests that the duration and intensity of the work were not sufficient to compromise the mules’ thermoregulatory capacity or cardiovascular efficiency. This finding could indicate a good level of training and adaptation to the environmental conditions of the area (32–39 °C, 24% RH), which is relevant considering the operational role these animals play in mountain environments and extreme temperatures.

The results confirm that body size did not have a significant effect on physiological indicators, which is consistent with previous observations indicating that mules, regardless of size, exhibit high efficiency in energy conversion during work (7, 8). This is relevant, since when working in mountainous terrain a large mule may not be optimal. For work, and an animal with good temperament, proper training and with its center of gravity closer to the ground should be preferred. This, together with the fact that military prefer working with medium-sized mules (29), should be considered when breeding them.

Overall, the results support the need to define safe work limits based on physiological evidence, especially in working animals, where efficiency and welfare must be balanced. Although the mules demonstrated adequate capacity to cope with high loads over short distances, the repetition of these conditions or their prolonged duration could lead to cumulative fatigue and the risk of muscular or metabolic injuries. The tendency toward greater variations in some parameters with the loads of 105 kg and 130kg suggests that the current 105kg work threshold might be correct for short period works, but for higher intensity works high loads will translate into a greater physiological demand. Therefore, future studies should evaluate the effects of prolonged hours of work and distances, different slopes, and longer recovery periods, while also integrating behavioral and performance indicators for a more comprehensive assessment of the mules’ welfare.
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Introduction: Precision Livestock Farming (PLF) provides additional opportunities beyond focusing solely on production and health-related traits, including the evaluation of animal welfare. This study examines the complexities of adopting an imaginary automated welfare assessment tool in Swedish dairy farming.
Materials and methods: Through an iterative qualitative design, we engaged dairy farmers (n = 10), advisors (n = 5), dairy industry experts (n = 2), and PLF managers (n = 3) to co-develop insights and integrate multiple stakeholders’ perspectives. Online focus groups (n = 7) served as a platform to explore participants’ cultural nuances, discourses, and practical challenges surrounding animal welfare indicators related to feeding, comfort, health, and complementary behaviours.
Results: A reflexive thematic analysis exposes strains between farmers’ perceptions and other stakeholders’ meanings and practices. Despite other stakeholders’ assumptions of ‘farm blindness,’ farmers demonstrate awareness and interest in comfort-related welfare indicators. However, they experience difficulties implementing changes due to limited agency and infrastructural capacities. Other stakeholders often interpreted the lack of farmers’ actions as indifference, overlooking farmers’ nuanced prioritisation strategies. Equally, conversations underscore farmers’ doubts about the commitment and backing of supervising bodies as they hesitate regarding data sharing among interested stakeholders. Crucially, this highlights a lack of shared understanding and motivation for the welfare assessment, and a lack of long-term advisory support that aligns with farmers’ capabilities and constraints.
Conclusion: Our study underlines the importance of bridging the gap between scientific knowledge and on-farm practices, particularly in defining actionable guidelines for addressing welfare concerns. Regardless of the concretion of our imaginary automated tool, we conclude that stakeholders could readily foster greater engagement with animal welfare issues by recognising farmers’ agency capabilities and providing tailored, contextually relevant support that signals the industry’s support to farmers, not only a self-need to retain a delicate license to operate thus truly facilitating meaningful gains in animal welfare.
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1 Introduction

Precision livestock farming (PLF) and digital tools have emerged as powerful aids in dairy cattle management, primarily focusing on detecting and managing health-related issues (1–4). These systems, often centered around accelerometers, sensors, and automated data collection, have been extensively applied to monitor disease, detect estrus, and optimise milk production (1). However, while health is a fundamental component of animal welfare, current solutions prioritise illness identification over a holistic view of welfare that encompasses behavioural expression, positive experiences, and overall quality of life (5). This gap reflects a broader challenge in dairy farming: the need for welfare monitoring that extends beyond disease detection to include an integrated understanding of cows’ lived experiences.

Although PLF technologies are developing quickly, evidence on their fit with farmers’ priorities and with the requirements of other stakeholders who rely on PLF-derived data is still emerging (6–8). Nonetheless, the uptake and success of automated welfare monitoring systems depend on their technical accuracy and how they fit within daily routines, resource constraints, and end-user values and needs (4, 9). While welfare certification schemes and benchmarking are increasingly relevant in current market-driven dairy production, farmers often perceive these assessments as burdensome and complex to implement (10–12). Moreover, the concept of “welfare” itself is socially constructed, carrying different meanings across geographies and interacting actors, including farmers (key end-users), veterinarians, advisors, and governance bodies, each interacting with PLF and digital tools in distinct ways (10) and thus being impacted differently. This means that digitalisation’s perceived positive impacts might not meet expectations.

Given these complexities, the co-development of digital welfare assessment tools is critical. Existing welfare monitoring protocols remain manual, time-consuming, infrequent, and subjective to assessor skills and re-calibration, making them sub-optimal for real-time farm decision-making (1, 13, 14). Yet, these are seen by other actors (e.g., governance bodies and milk processors) as essential measures for production quality and transparency. Automating welfare assessments requires thoughtful and detailed technical validation and a nuanced understanding of how end-users—farmers and their advisors interpret, utilise, and respond to welfare data (15). Without such insights, even the most sophisticated welfare monitoring systems risk being underutilised or misunderstood.

Understanding how automated welfare assessments can be taken up in practice requires not only technical validation but attention to implementation processes. Implementation theory shows that new practices succeed when they are workable and meaningful for those involved. For instance, the COM-B model of behaviour change (16) proposes that change occurs when capability, opportunity, and motivation align. Similarly, Normalization Process Theory (13) emphasises the collective sense-making and integration work needed for new routines to become embedded. These perspectives have rarely been applied in farm animal welfare assessment research, yet they are valuable lenses for analysing why digital welfare tools may or may not fit into daily dairy farming.

Our project, therefore, aimed to bridge this gap by exploring the perspectives and experiences of dairy farmers regarding welfare monitoring, including automated solutions.



2 Materials and methods


2.1 Study design and participant selection

Our study explored the meanings, tensions, and practical challenges associated with welfare assessments in real-world farm settings through an iterative, qualitative approach. Three rounds of discussions with seven stable (i.e., members of the groups did no change across sessions) focus groups (FG) were conducted with Swedish dairy farmers (n = 10) and other dairy industry stakeholders, veterinarians specialised in dairy health and welfare (n = 2), PLF product managers (n = 3) and dairy advisors (n = 5). The discussion topics for each session were developed iteratively based on previous internal discussions within the Visionary Welfare Assessment project steering committee, which included diverse stakeholders of the dairy sector (veterinarians, farmers, dairy health advisors, milking machine developers), animal welfare, machine learning and social scientists. The selection of participants aimed to encompass diverse perspectives on animal welfare assessment, automation, and its practical implications in dairy farming. Participants were recruited through professional networks, industry events, and existing research collaborations. To ensure a broad representation of Sweden’s farming conditions, farmers were selected based on farm size, geographical location, and adoption of PLF technology. Dairy advisors and industry representatives were included to provide expertise on welfare assessment, implementation challenges, and sector-wide considerations.



2.2 Focus group procedure

We structured the focus groups into three iterative sessions. All focus group sessions were conducted between December 2023 and March 2024. In the first session, we explored the meaning and relevance of animal welfare, aiming to establish a baseline understanding of how participants perceive animal welfare, how assessments impact daily farm practices, and to surface any tensions surrounding their implementation. During the discussions, we equally examined how welfare assessment tools integrate into daily decision-making and farm management.

In the second session, we examined the level of integration of precision livestock farming (PLF) technologies into animal welfare assessment and their influence on decision-making as experienced by the different stakeholders. We encouraged participants to discuss their needs for automated monitoring, the benefits they anticipated, concerns about technology adoption, and barriers to implementation. These discussions centered on four welfare areas inspected in Sweden: feeding and nutrition, animal comfort, health, and complementary behaviours—as well as the associated measures. We emphasised the influence of contextual factors such as farm routines, farmer identity, and current management practices.

In the third and final session, we addressed concerns regarding data access and usability to support the roles of farmers and other stakeholders.

We conducted all the sessions online to accommodate participants’ schedules, each lasting 90 min. Each session had specific guiding questions accessible via a Mentimeter presentation (17). Each Mentimeter block lasted 10–15 min and alternated with facilitated discussions to expand on participants’ reflections. The format facilitates the anonymous sharing of experiences among peers. In addition to verbal communication, each session had one facilitator (LMT or GOA) and a screen manager (GOA or KB) who shared and controlled the Mentimeter presentation. The facilitators used the presentation to guide the discussion and gather complementary views from participants interactively, aiding in anonymously gathering impressions from participants in selected questions. Moreover, depending on the session, there were up to three note-takers (KB, GOA or NH). Note-takers supported the facilitators in prompting questions for a more profound understanding or discussion. After each session, all authors who attended met to reflect on the insights and document key observations. All sessions were audio-recorded and transcribed verbatim.

The complete wording of all Mentimeter questions used in the three focus group sessions is available in Supplementary Material 1 and archived in the Open Science Framework repository.1



2.3 Data analysis

We conducted a Reflexive Thematic Analysis (RTA) (18–20) to interpret the qualitative dataset. The RTA framework was grounded in a constructivist epistemology, which assumes meaning as context-dependent and co-constructed between participants and the researchers. Thus, the researcher’s reflexivity is considered a valuable resource for interpretation within the RTA framework. The analysis was predominantly inductive, situated within an inductive-deductive continuum. Interviews were open-coded, emphasising the meanings participants assigned to animal welfare, its assessment, and the impact PLF technologies have on decision-making for the management of the herd and individual cows. The analysis went beyond a descriptive level, using our reflexivity to articulate underlying assumptions, beliefs, and structural factors that shape participants’ perspectives.

LMT and GOA were the primary authors responsible for the analysis. After independently immersing in the transcripts and post-session notes, we generated initial codes that mapped salient features across the dataset. An iterative discussion between LMT and GOA transformed these codes into provisional themes, which KB and NH critiqued for coherence and depth. The resulting thematic framework comprehensively accounts for participants’ core concerns and perspectives while remaining closely aligned with the study’s objectives.

Rankings done by participants in Mentimeter were summarised and visualised in R statistical software (21–23).



2.4 Author positionality statement

The research team combines expertise in animal welfare science, veterinary medicine, precision livestock farming, and qualitative research. LMT is a veterinary epidemiologist, with a background in veterinary medicine, focusing on biosecurity, animal health, welfare, production efficiency and resilience. NH has a background in veterinary medicine specialised in digitalisation and data-driven decision-making in animal production systems, focusing on integrating PLF in animal welfare monitoring. KB is a veterinarian currently doing her doctoral studies in veterinary epidemiology. She has experience in one health research. GOA is a veterinarian and applied animal-welfare researcher, trained in medical social science, whose work uses quantitative and qualitative methods to study on-farm and veterinary practices. Their combined expertise and interdisciplinary approach informed the study design, data collection, analysis, and interpretation of findings.



2.5 Ethical statement

In consultation with the Ethics and Legal Department at the Swedish University of Agricultural Sciences (SLU), and in agreement with the Swedish Ethical Authority, this study was determined not to require a special ethical provision or permit under Swedish law (SFS 2003:460). Nevertheless, the study adhered to the ethical guidelines established by the Swedish Research Council (41). Before participation, informed consent was obtained from all individuals, ensuring confidentiality and the pseudo-anonymisation of responses. No sensitive personal data was collected.




3 Results

Here we report the meanings and tensions participants attached to animal welfare meaning and its on-farm evaluation across the three focus group sessions, integrating qualitative analysis with the interactive ranking exercises during each session. Four interlinked themes organise the results. First, we show how “good welfare” is understood and operationalised in daily practice: both groups, Farmers (F) and other Stakeholders (S) coincide on the same domains (nutrition/feeding, health, comfort/behaviour), but their work/role-specific priorities lead farmers to favour indicators that cue immediate action, while the rest of the stakeholders lean toward system-level trends and benchmarking. Second, we examine why “the best welfare is worth it, but difficult to achieve”: structural constraints and labour/skill demands mean automation often saves time without automatically improving decisions, and where health indicators and related alarms are read mainly as detection cues. Such ideas lead us to the third theme, where we unpack what “automation” of welfare assessment means to different actors— work efficiency for farmers; standardisation, comparison and potential decision uplift for stakeholders—clarifying the split views seen in the relationship between decision-value and level of automation, comparing current vs. future desired scenarios. Finally, we address data access, context and trust, outlining when and why sharing beyond the farm adds value or risk. Read together, these themes explain the overarching pattern: shared beliefs about importance but diverging views on usefulness for improving day-to-day management and the consequences.


3.1 Theme 1: Happy cows every day: pride, practicality, and the indicators that count

Participants consistently framed good welfare as cows that are well, calm, and thriving. Farmers expressed pride in sustaining that state through attentive, everyday work and also reflected on how the happiness of their cows was connected to their own well-being. Their language is practical and affective at once, mentioning happy and secure animals that have what they need, in particular in relation to quick responses when something deviates.


“I'm quite proud when I can show our cows and the barn to people who do not know what we’re doing. I can show them that our cows are happy so to speak. …. It is a lot more fun to work when you see that the cows are happy. That usually makes us happy too.” (Farmer, FG-1)
“We reasoned that good animal welfare is essentially happy animals… and also that sustainability and animal welfare go together to some extent.” (Farmer, FG-4)
“I wrote this: Cows that are feeling well and have everything they need… and then get appropriate treatment, or whatever else they need.” (Farmer, FG-7)


Figure 1 presents a summary of the ranking of 11 animal and resource-based measures used in Sweden to assess the welfare of a herd, acquired in the first session of each focus group. Participants scored the welfare indicators based on their usefulness in daily practice and meaning for animal welfare. Both groups rated all measures of high importance for animal welfare and there was a broad agreement across all stakeholders on which areas have the highest meaning for animal welfare: nutrition/feeding and health, in particular claw health and lameness. For usefulness in daily decisions, farmers overall tended to perceive a higher usefulness for all welfare indicators in their daily practice compared to other types of participants. This tendency may partly reflect how the question framed ‘usefulness in daily work,’ which naturally resonates more with farmers who manage cows daily than with stakeholders engaged at advisory or policy levels.

[image: Scatter plot comparing animal welfare indicators as rated by farmers and stakeholders, with “Meaning for welfare” on the x-axis and “Useful in daily practice” on the y-axis, both ranging from low to high. Different colored dots represent indicators such as body condition score, claw health, cleanliness, coat condition, cubicle use, feed intake, lameness, other behavior, rising behavior, rumen fill, and wounds. Farmers cluster ratings in the high-useful, high-meaning quadrant, while stakeholders show greater spread in meaning for welfare, with some indicators rated lower in usefulness.]

FIGURE 1
 Average ranking of eleven animal welfare indicators according to their perceived meaning for animal welfare (x-axis) and their usefulness in daily practice (y-axis), split by group of participants. Right-hand side image: farmers’ ranking (n = 10), left-hand side image: other Stakeholders’ ranking (n = 10).


There were also interesting differences in which specific indicators farmers and stakeholders found most useful for their work. Farmers tended to rank animal welfare measures that change relatively quickly, i.e., indicators in which they can see changes daily. For example, in the area of feeding/nutrition farmers reported greater daily usefulness of rumen fill compared to body condition score which was highlighted as more useful by the stakeholders. In addition, while both groups ranked claw health as highly useful, farmers also ranked lameness, a direct measure of locomotion ability, higher than the stakeholders.

Also in discussions, farmers mentioned prioritising detecting deviations they can act on immediately, especially signs of compromised health. Indicators connected to immediate health deviations were perceived to have high usefulness as they cue near-term, controllable action. The farmers describe how they rely on digital lists to identify deviations but also emphasise the role of combining information from sensors with human observations to make decisions.


“I check SenseHub every morning… I get an attention list and then go and check it as well, using the human eye.” (Farmer, FG-4)
“It’s similar to the top reports/lists… we follow them completely—even though we double-check manually.” (Farmer, FG-3)


The focus on immediate solutions reflects farmers’ need for control as well as their preference for straightforward routines and practical fixes that solve problems and keep things running. “For heat detection we use the simplest programme…and keep watching the animals all the time. They [referring to the staff] must learn to use their “djurögat!” [a Swedish term referring to having a pair of eyes on the cow and the ability to observe the cow status, a farmer-skill that comes with experience working with cows]” (Farmer, FG-1).

Farmers emphasised that health-related alerts carry immediate relevance by signalling conditions directly affecting animal welfare and performance. Thus, acting promptly was seen as part of good stockmanship skills. Other stakeholders often work at a different level of the system, so they emphasise trends, comparison and communication—the kinds of indicators that help develop systems, benchmark performance, or create products for the market.


“With this, especially at the system level, you must compare—sometimes even across species.” (Stakeholder, FG-2)
“The cow-calf idea is an example… a niche product that can find buyers—there’s a consumer dimension here.” (Stakeholder, FG-2)


Participants’ voices and the ratings show that welfare is valued and already operationalised in daily work, but the indicators people reach for depend on what job they are trying to do. The ranking of animal welfare measures together with the conversations, suggest that the perceived usefulness of indicators is not solely related to the perceived importance for animal welfare but equally reflects the needs of the respective working role. To one end farmers act on immediate management cues, while the rest lean towards data for trends, benchmarking or communication of animal welfare status.



3.2 Theme 2: The best welfare is worth it, but difficult to achieve

Farmers prioritise signals that flag fixable deviations now—often starting with health and feeding—while other stakeholders prioritise signals that build systems and narratives over time. This reflects where each group sits in the production system. These narratives set up the following idea: achieving “the best welfare” is worth it, yet complex without structural changes and support. Meaning that even when the proper signals are seen, turning them into sustained change is the harder step.

Participants agreed that high welfare is worth striving for, yet current tools are used foremost to detect problems—a stance that prioritises identification of sick animals and near-term action. Farmers described becoming more effective at finding issues with digital tools, in particular related to health problems.


“Automation is fairly low across everything [referring to the status of own farm]… health was the one that was fairly high.” (Farmer, FG-3)
“We have a very good way to find cows not feeling well: drops in milk yield, milk temperature (heat), rumination & eating time… The system scores and ranks cows by deviation from normal.” (Stakeholder, FG-7)


In the second focus group sessions participants were asked to rank four dimensions of animal welfare (health, feed, comfort and behaviour) according to their current level of automatisation and usefulness for decision-making. In these circumstances, health was the dimension for both farmers and stakeholders, perceived to be most automatised and useful (Figure 2A). Interestingly, the participants in both groups also agreed that the “feed” dimension was useful although with slightly lower automatisation while the behaviour and comfort dimensions were scored as less automatised and less useful in both groups. There was more variation in the farmer group regarding the current level of automatisation, likely representing farm differences. Stakeholders generally perceived a lower level of automatisation compared to the farmers, possibly reflecting that the average level of automatisation is lower in the general farm population compared to our study population.

[image: Two scatterplot panels compare farmers’ and stakeholders’ views on animal welfare indicators by level of automation and usefulness for decision making, using color-coded dots for behavior, comfort, feed, and health categories. Panel A shows the current scenario, with more dispersed values, while panel B shows the future dream scenario, with indicators clustered at higher automation and usefulness for both groups.]

FIGURE 2
 (A,B) Stakeholders’ (n = 10) and farmers’ (n = 10) ranking of (A) current level and (B) future dream scenario of automatisation (access to digital information/tools) and the perceived usefulness for decision-making of four welfare dimensions. Colored dots represent individual answers, while circles represent the average score of all participants. Y-axis—level of automatisation, X-axis—usefulness for decision making.


When asked to rank the level of automation and usefulness of indicators in a future dream scenario both groups indicate a potential for increasing both the level of automation and usefulness of the indicators across all dimensions (Figure 2B). However, the dimension comfort, and to some extent behaviour, were scored as slightly less useful by farmers in comparison to stakeholders. In the discussion, all participants recognised the importance of comfort but acknowledged that it is slow to change and complex to address. Comfort was consistently perceived as hard to act on quickly because it often requires structural interventions (cubicles, mattresses, cow flow, flooring), sometimes with unforeseen consequences that impacted welfare in other ways than those intended to be solved (e.g., laying/standing disturbances due to novelty). In addition, discussions pointed to a perceived lack of good measurements for comfort. This helps explain why comfort, despite its recognised value, was relatively under-weighted in usefulness and level of automation, both currently and in a future scenario.


“When they changed the cubicles, the milkings and yields went up within days… cows weren’t standing, avoiding lying.” (Stakeholder, FG07)
“Get good lying times and you might get more chafing… then rethink neck rail, mattress and shavings, solve one problem, risk another.” (Farmer, FG04)
“We don’t have anything that automatically indicates that cow comfort is good.” (Farmer, FG04)


Also, awareness or detection of deviations is not enough to improve welfare. In discussion, farmers repeatedly underlined that while more automation can save labour and speed detection of deviations, decisions still hinge on stockmanship and context. Meaning that the detection of events/deviations will not improve decision quality by itself; interpretation and action remain manual tasks perceived as difficult to automate.


“Nothing happens automatically… it has to be done manually.” (Farmer, FG-4)
“When there’s a health alarm, you go and check. But the alarm could be lameness, a wound, or anything—you sort it out on-site.” (Farmer, FG-5)
“… that final gut feeling will be hard to automate.” (Farmer, FG-4)


Stakeholders, by contrast, were more likely to assume that richer data streams will translate into better decisions. Often pointing to a system-level combination of indicators or opportunities for benchmarking across farms. However, they also indicated that the currently available tools may not be there yet.


“They can use it [referring to welfare indicators] to take concrete actions in their routines […] better identification and management of lame cows […] More bedding, better lying surfaces. There’s a ton to work through.” (Stakeholder, FG-2)
“And what I'm trying to say is like, we want to have these actionable insights, but then we always start with and maybe a step a little bit further. But I don't think we're there yet to say, yes, don't worry, farmer, we will tell you what to do. We still rely on the farmer to do the thinking and the decision, right? And we try to get closer to the actionable one, but, yeah, we are not there yet.” (Stakeholder, FG-07)
“I don’t think that such an automatic assessment can draw conclusions on what to work with. Like when you do a herd health plan, it can’t decide that this is what you should work with. Here, human interpretation and dialogue are necessary. Because the system does not know what happens in other parts. Nor understand the vision and motivation of humans.” (Stakeholder, FG-2)


Farmers tend to view increased automation as labour-saving rather than decision-enhancing unless paired with interpretation and infrastructural capacity. Stakeholders, in contrast, typically expect decision value to rise with automation. The current dominance of health in the identification of sick or deviating cows reflects detection, not prevention, of disease. The minor role of comfort reflects the difficulty of achieving structural change, measurement gaps, and the difficulty of defining and enacting optimal decisions in favour of animal welfare.



3.3 Theme 3: Does automatisation of welfare assessment reduce “farm blindness” and change decision-making?

Participants agreed that a “future dream” of welfare assessment includes more automation of welfare dimensions. Both farmers and stakeholders valued automation for avoiding “home/barn blindness” by keeping eyes fresh and countering drift in standards. Stakeholders often framed this as resetting what “normal” means through benchmarking while farmers welcomed external eyes to challenge routine blind spots.


“Automation can shift the normalisation scale… benchmark against lots of data to see where the best are.” (Stakeholder, FG-2)
“You try to read the animal… But it’s often useful to bring in external eyes… You can often become barn-blind.” (Farmer, FG-1)


Where the groups diverged was on the future usefulness of indicators across welfare dimensions. Farmers imagined faster detection but largely the same hierarchy of useful indicators they rely on today. Other stakeholders expected greater decision value, especially from behaviour and comfort, bringing these closer to health and feeding in perceived usefulness (Figure 2). In other words, stakeholders read automation as a potential decision uplift, whereas farmers read it as vigilance uplift.


“… most farmers would think it's a good help [referring to current tools] to make the work more effective, to find the right cows, to put the time on… usually we say like 20% of the cows should take 80% of the time, like the ones that really need attention shouldn't be that many, but you do have to put in some effort to take care of them. And this [automated assessment] would hopefully help them to put in the right care for those cows, but also like make it easier to make a decision that will make a bigger improvement for the whole herd … to do something about this [hock health] because now 60% of the animals are affected or so. Maybe you just haven't thought about it before, that it was this much or so.” (Stakeholder, FG-7)


Farmers agreed that comfort/behaviour indicators are important, but stressed that, compared to health, these signals are too slow and complex to use for daily decisions. For example, they often point to the need for structural change but such changes go more slowly and with trade-offs. However, they highlighted that tools that would make such information more actionable in practice would be interesting.


Those decisions are very fast [referring to health]. Or they need to be fast. And that may be the easiest to automate. […] Housing and comfort. […] What could you automate there? I don’t know how it would influence daily decisions either. (Farmer, FG-3)
"This use of cubicles and rising behaviour… It's not something we use all the time. At least not us." (Farmer, FG-3)
“Housing and cow comfort. It doesn’t change very quickly. But at the same time it would be interesting to know. Know how the cows are, where they are doing well and where they like to be. I miss that a little.” (Farmer FG-3)


While farmers focused on the benefits of improved deviation detection, stakeholders underscored a detection–prevention gap. They emphasized that the real potential in automated welfare assessment lies in acting even earlier, using combined indicators to prevent problems before they occur.


“We talk a lot about finding sick animals—that’s the easy part. But it’s already too late.” (Stakeholder, FG-2)


Although farmers recognised the idea of combining information, they did not discuss it in terms of preventing future problems or alleviating current negative situations. Some also noted that while they have access to more information, which is not typically integrated into their decision-making habits and pointed to practical barriers, such as financial challenges.


“Why couldn’t the robot combine BCS, milk, movement, eating time, cleanliness… better than any stockperson? It’s a matter of money.” (Farmer, FG-4)
“Those modules probably don’t show first on the computer… we find most things via rumination… I haven’t needed the queue-to-robot module.” (Farmer, FG-6)


Yet, combining more data will not solve everything. A particular challenge, raised by both stakeholders and farmers, was the difficulty of adapting the integrated output of an automated system to different farm-specific contexts, particularly translating the output into meaningful action. Farmers repeatedly emphasised the need for trusted, long-term support to turn outputs into farm-specific plans. Stakeholders explicitly referenced this missing roadmap between more data and meaningful action, recognising that the development is slow.


“If we keep adding more data, what will the farmer do with it? … Connecting the dots—from drinking to welfare to milk—doesn’t come from the market; it needs long-term road-mapping and research. That moves slower—no one is banging on the door for that like they are for better heat detection.” (Stakeholder, FG-7)


These perspectives illustrate that stakeholders recognise a lag in how welfare indicators translate into meaningful action. Thus, the challenge for improving the usefulness of welfare assessments lies not in generating more data, but in connecting the dots, meaning understanding how a signal relates to welfare outcomes and what practical steps should be taken. In addition, conversations suggest a lack of clarity about who should take responsibility for this translation: the farmer, the advisor, the technology provider, or the broader industry? Thus, there is no shared roadmap, advanced functions remain underused, and the burden of interpretation falls back on farmers, who are left to grasp the system on their own. Therefore, the “advanced potential” of these systems remains largely invisible on-farm.



3.4 Theme 4: Split views on the value of animal welfare assessment

This theme is rooted in the differences between farmers and stakeholders regarding the practical usefulness of automation and the perceived value of animal welfare assessments for different actors across the dairy chain. In the third session, participants discussed how data from automated welfare systems should be used and by whom. While other stakeholders saw additional value in cross-farm benchmarking and programme evaluation, farmers prioritised farm-specific decision support. They cautioned that broader sharing only adds value when it tangibly improves on-farm management.

However, there was a consensus that farmers should have full access (Figure 3), reflecting a shared view that the primary value of welfare data lies on the farm, supporting day-to-day monitoring, follow-up, and timely action. Participants also stressed that farmers own the data and should control access.

[image: Violin plot comparing preferred levels of access to automated animal welfare assessment data between farmers and stakeholders across different roles, including advisors, dairy and certification schemes, authorities, and consumers, with access levels ranging from one (no access) to ten (full access) on the x-axis.]

FIGURE 3
 Ridge plot showing score distributions for providing access to data from automated animal welfare assessments to different groups (farmer, advisors, dairies/certifications schemes, authorities, consumers) access to data from an automated animal welfare assessment. Separate ridges represent farmers (n = 10, orange) and other stakeholders (n = 10, purple). The colored dots mark group means; the green dot represents the overall mean.



“Well, that’s pretty easy to answer. It’s the farmer who owns this data. It is up to the farmer to decide with whom to share it. That’s part of the foundation for everything we do. […] If we want to share, there should be written consent that I share with the advisor, dairy contractors or authorities.” (Farmer, FG01).


Beyond farmer use, views diverged more, although they followed the same general trends where both stakeholders and farmers noted that advisors will benefit from having access to animal welfare data (Figure 3). The need for access from “Dairies/Certification bodies” and “Authorities” was lower, and the group “Consumers” scored lowest. Farmers’ distributions skew higher than stakeholders for their own use and advisory support, and lower than stakeholders for authorities/certification and consumers.

Farmers described a limited value in communicating data beyond sharing it with a trusted advisor, described as a person who can help turn outputs into farm-specific actions.


“Of course they would have access to everything [referring to advisors and full data access]. Otherwise you don’t utilise most of the advisory services. And you should have complete trust in the people you work with”. (Farmer, FG-1)


By contrast, stakeholders saw greater value in benchmarking across farms and using aggregate outputs for programme evaluation and norm-shifting. Stakeholders on the other hand saw more promise in cross-farm comparison to raise awareness and shift norms, a view already evident in Theme 3.


“Maybe it might be better to have it at the population level or on some larger level, so that it can be used in advising and goal-setting from a broader perspective.” (Stakeholder, FG-2)
"Cleanliness may be more useful at higher organisational levels… moving from reactive to proactive… finding animals before they get sick." (Stakeholder, FG-2)


While farmers also saw value in benchmarking and were interested in knowing where they stood compared to others, their own-farm trajectories mattered more. So, rather than a between-farm comparison, their focus was on the potential of the tools in helping them judge whether their own management is working. They mention that herds, buildings, and routines are unique and expressed difficulty in learning from farm comparisons since each farm has its own challenges, explaining why between-farm comparisons felt less relevant.


“Yes, but if you don’t have the interest, then it’s hard to see… well, where you stand… or what use you really have for the information you get. You have to be able to connect it to reality, so to speak. Otherwise it’s just like, yeah, I get all these numbers but what do they mean? And then you have to be able to adapt the system to your own farm. Which information is most useful to us, and how should we use it? It’s… it’s mostly… well, you have to think it’s fun to sit and connect things and tinker with it, I think. Otherwise it won’t get done either.” (Farmer, FG-6)
“Well, comparing farms would be absolutely great fun, but usually that’s all it is — just comparing other farms with different conditions, other… different farms are financed in another way, and then it’s very hard for some who have a bit less money in the budget to compare themselves with those who have much more. But sometimes you can feel very satisfied when you manage to keep up. But whether it’s always a good thing, I don’t know. Sometimes you can feel very sad that you don’t reach your goals.” (Farmer, FG-1)


Another recurring concern was the risk of misinterpretation when sharing animal welfare assessments beyond the farm, particularly with audiences perceived as distant from practice (authorities, consumers). The views on sharing data with dairy companies and certification schemes varied across the scale and farmers voiced perceived benefits such as better prices for products, transparency, simplified workload and objective assessments. However, they also worried about data sharing becoming a mandatory “cost” without benefit and that data would be assessed out of context and without understanding and dialogue. Thus, they saw opportunities for support but were afraid that it would not be used in a way that benefited them.


“We work to create and handle this data [referring to welfare indicators]. In the end we should get paid for the product we deliver and so on. This type of data can increase product value. Then we shouldn’t let it go without bargaining about it.” (Farmer, FG-1)
“No, but I think it’s very connected — the more information the dairy is supposed to have, the better the communication and dialogue have to be. Otherwise, I think it just gets really strange.” (Farmer, FG-4)


A fear of sharing data was also expressed for authorities as well as consumers. The dominant view was that context gets lost, leading to misunderstandings that would reflect negatively on the farm. In addition, both farmers and stakeholders stressed that any information shared with consumers would need careful translation and a clear benefit to the farm, not only to others.


“They [the county administrative board] are supposed to be on our side and help us. But they’re out looking for faults, and then of course you also want to hide everything. Unfortunately, that’s probably an image that reflects much of the country — at least that’s how we experience it.” (Farmer, FG-4)
"I have many other visitors… often uninformed about animals and production—communicating with consumers is challenging." (Farmer, FG-1)
“There has to be a discussion about the statistics or the underlying material. That’s where I have some concerns about just giving it out. And then you have people who know nothing about cows making judgments about something they don’t understand.” (Farmer, FG08)


Combining the ideas developed into themes indicates that all participants agree on the importance of pursuing good animal welfare regardless of their work. Automation of welfare assessments is an avenue for farmers to improve efficiency in flagging issues. However, any information sharing beyond the farm depends on trusted relationships and supports that carry signals further than dashboards and ensure benefit-sharing aligned with farm goals.




4 Discussion

Our paper aimed to understand the tensions around a potential automated welfare assessment tool across the dairy system. By contrasting the farmer and other stakeholder perspectives on existing digital tools, their decision-making and views on data sharing, we tested if, where and how further automation of animal welfare assessment adds value. Our analysis developed four themes that, collectively, show that values are aligned while the logics of use diverge. Farmers and other stakeholders agree that animal welfare matters and should be improved continuously, yet they attach different expectations to automation. Farmers describe automated welfare indicators primarily as surveillance tools that can be used to create lists and alarms that make them faster at noticing deviations, while stakeholders more often assume that additional data will directly improve decisions and enable system-level evaluation. Read against our first and third themes, along with the ranking results, the divergence between stakeholders and farmers is not rooted in different perceptions or values regarding animal welfare, but different views on the steps needed to go from signal to change in a specific farm context.

The current focus on detecting deviations suggests that the currently available indicators are underutilised when it comes to supporting change. The COM-B method, a behaviour and implementation theory (16), helps clarify why alerts rarely shift practice. COM-B is a behavioural diagnosis method stating that Behaviour (B) occurs when Capability (C), Opportunity (O), and Motivation (M) are sufficient, so behaviour change is achieved by targeting one or more of C, O, and M. Our conversations highlight that while automation increases capability with timely cues, and at times motivation through feedback; opportunity expressed as time, labour, capital, and feasible system/production options—often constrains follow-through. This was especially true for comfort/behaviour aspects where gains were mentioned to require structural changes (cubicles, mattresses, flooring) and risk trade-offs. The focus group conversations convey that this is the challenging part as each farm is unique. Thus, actions need to be farm-specific even when indicators are standardised and communication moves from “What’s the problem?” to “How will we solve it here?”

Yet, data usage and sharing between farmers and stakeholders beyond trusted farm advisors often focuses on a reflexive monitoring (benchmarking), although it is known that audit-and-feedback in the form of information alone has limited effects (24, 25). The normalization process theory (13) explains that for practices to be implemented, embedded and sustained, four mechanisms must be present and shared across all stakeholders. These include coherence (sense making), cognitive participation (engagement of all parts involved), collective action (enacting), and reflexive monitoring (appraisal). Our results indicate that although the four mechanisms may be present, their value is not shared among farmers and stakeholders. Stakeholders highlighted a joint struggle and need to increase monitoring and go deeper into the available information to support the best animal welfare in a long-term perspective. Farmers on the other hand emphasised the need to make sense of animal welfare indicators within their farm context (coherence) as well as a need to know how to improve welfare, avoiding trade-offs, on their farm. However, the collective action in the form of feedback coupled with explicit shared goals, support and action plans, that could most likely trigger change in on-farm behaviour, was missing. This supports the same conclusion as the participating farmers articulated: automation is necessary for awareness but insufficient for change.

Health cues (e.g., drops in rumination/eating, mastitis indicators) dominated the current usability of automation while indicators of animal comfort lagged (Themes 1–2). Health cues point to near-term, controllable actions that a farmer can isolate and adjust, where automation adds tangible value by speeding detection (1, 26–28). Gains in comfort or gains in normal or positive behaviour are slower, for example given its potential dependence on infrastructure and improvements in overall husbandry design, at times with uncertain payback and consequences as described in Theme 2. Also, changing stall surface and maintenance to meaningfully affect lying time, lameness risk, and preferences often requires renewed infrastructure and time investment along with capital (14, 29–32). Thus, farmers express that they lack tools as well as an understanding of economic consequences (economic losses, and required investments matter), which in turn will impact their perceived ability to create change (33–35). Similar reasoning has previously been suggested for lameness where the costs are substantial, but paybacks are distributed and delayed, underscoring the need for financing, staged plans rather than dashboards of data or alerts alone (36). Our results provide evidence that the perceived benefits and constant cues to action, and salient barriers (time, cost, disruption) are different across animal welfare aspects. To handle more complex welfare challenges tools or education alone is not enough but workable rules and processes that protect the local context are also needed, in combination with economic sustainability (9, 13, 35).

Theme 3 developed the idea of a detection–prevention gap. In the future, stakeholders expected gains in comfort/behaviour from more automation and combined signals, while farmers saw vigilance uplift, faster detection with roughly the same hierarchy of useful indicators. Both positions are reasonable as sensor validation continues to advance and include more parameters, yet integration for preventive decisions remain a work-in-progress, particularly on pasture and for higher-order welfare constructs (1, 26–28, 37–39). The automation-bias literature offers a useful caution: more data can amplify noticing without ensuring doing unless systems are designed to support the right next step (40, 41). Our participants asked for exactly that: people who can ‘read’ the tools, plus advisory continuity, financing, and stepwise plans that translate outputs into farm-specific actions (Theme 3). If this is not put in place there is a risk that the potential of automated animal welfare indicators is not used to their full potential.

Theme 4 extended the argument to who should see data and where value arises (Figure 3), detecting additional challenges that require addressing. The pattern of results is consistent with concerns about misinterpretation and benefits arising elsewhere than on the farm itself. Farmers emphasised that the data welfare assessments should be used for within-farm trajectories (“are we improving here?”) and were cautious about sharing for benchmarking purposes which ignores local context and, with that, feasibility. Yet, stakeholders saw much promise in benchmarking to shift norms, evaluate programmes and deepen understanding of animal welfare. These tensions mirror broader debates about data governance and trust in the dairy sector, i.e., who owns the data, who benefits, and how should the value be shared (42–45). The implication is not to avoid sharing, but to couple it to farm-level benefit in the form of advisory support that turns signals into doable plans, and feedback that provides evidence of within-farm improvement over time (24, 25, 42).

To achieve this, there are important research/practice gaps that need to be filled. First, animal welfare indicators (animal and resource based) are often used as proxies for complex welfare states. Our discussions around automation visualise that there is a lack of knowledge about how measures interact in real farms. A systems-level research agenda where interactions between indicators are linked to specific action pathways and economic consequences would better serve on-farm decision-making than isolated device validation (1, 26–28, 37–39). Second, implementation remains the missing middle: vendors and schemes tend to deliver dashboards, while farmers need dashboards with do-able plans; i.e., attention lists tied to SOP bundles (“who checks what; what counts as resolved”), templated, costed comfort retrofits, scheduled follow-ups, and proof-of-benefit feedback (13, 25, 35). In short, the sector must move from assuming that automation will drive change to designing for change.

Certain methodological and practical limitations must be acknowledged to contextualise our findings. This study is exploratory and grounded in the Swedish dairy context, which may influence how the findings apply to other production systems. We acknowledge that most farmers who participated might already be interested in animal welfare and digital innovation, which may have shaped the perspectives captured. However, it can also enrich captured perspectives, which aligns with the qualitative aim of engaging information-rich participants to explore meanings in depth. The online format, may have limited the richness of interaction between participants and researchers, making it harder to observe non-verbal cues. Misinterpretations between participants could be present due to audio or lag effects, thus influencing participation. Still, Mentimeter facilitated engagement and allowed participants to express their views non-verbally. This was confirmed by the aftermath comments by participants who found the sessions engaging. On the positive side, the online format enabled participation from geographically dispersed stakeholders as well as group continuity, creating opportunity for social interaction, trust and iterative reflection across sessions.



5 Conclusion

Our study shows that farmers and stakeholders share norms and goals for animal welfare yet diverge in how automated indicators are used and where the benefits land. These is explained through four interlinked themes, including (1) alignment in welfare values but divergence in indicators’ daily usefulness; (2) structural and contextual barriers to achieving the ‘best welfare’; (3) a detection–prevention gap in automation; and (4) differing views on data ownership and value distribution. For farmers, automation is necessary for awareness but currently insufficient for change: it mainly scales detection and targeting of sick or deviating animals, so its decision value remains low unless a farm-specific strategy turns signals into feasible actions. Stakeholders, by contrast, anticipate decision uplift, primarily through benchmarking and combined indicators, but this potential is not visible at the barn door without bridges that translate data into doable plans.

The tension is sharpest for comfort/behaviour, where meaningful gains require structural changes (housing, flooring, cow flow) with slow payback; here, more data alone does not move decisions. Bridging the gap means shifting advisory encounters from problem-listing to co-planning, and pairing data with the economic and organisational scaffolds that make change feasible: attention lists linked to ready-to-use SOPs, phased and financed comfort improvements, and trusted advisory continuity (including peer support), and feedback on within-farm improvement over time.

Beyond the farm, value depends on trust, translation, and benefit-sharing; otherwise, sharing risks misinterpretation while benefits accrue elsewhere. As a qualitative study in the Swedish context, our findings call for implementation trials that test dashboards with action pathways and financing, and for governance models that align data use with on-farm benefit. In short, automation raises alertness. Yet, to achieve meaningful change, data must be coupled with farm-specific plans, financing, and trusted support.

The practical implications of our study call for technology designers to prioritise usability and decision relevance over data quantity, as well as the integration of advisory feedback loops and farm-specific planning functions. Efforts should also include support from governance bodies and welfare schemes to farmers in a long-term advisory continuity, and the development of data governance frameworks that reward farmers for welfare transparency while ensuring contextual interpretation.
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Qualitative Behaviour Assessment (QBA) is a method that is used to assess emotional states in animals, either based on a list of pre-established terms (fixed list; FL) or developed through Free-Choice-Profiling. Although FL QBA was originally developed for welfare assessment of farm animals, it is nowadays also used for various species and other sectors. This is, amongst others, because QBA contributes a unique ‘whole-animal’ insight into animal experience that complements other measures and its high feasibility along with a general lack of available indicators of positive emotional state. This has led to a number of different usages and applications of FL QBA of which an overview (e.g., exact methodology used, statistical analysis, purpose and aim) so far does not exist. The aim of this review is to provide an overview of the studies that have applied FL QBA, the species it has been used for and the corresponding lists, what the QBA was used for (purpose), as well as about the various methodological approaches. Web of Science was searched between October 2023 and February 2024 for all peer-reviewed publications on FL QBA. 193 publications met inclusion criteria and were included for final review. The most common aim of use of QBA was on-farm welfare assessment, followed by measuring behavioural/emotional responses to specific events and temperament assessment/behavioural profiling. FL QBA was mainly identified for farmed animals (cattle, pigs, hens, sheep, goats, buffaloes and salmon) but also for working and companion animals (horses and donkeys, dogs and cats) as well as various exotic species in other contexts such as zoological institutions (brown bears, polar bears, elephants, dolphins, gorillas, peccaries and pampas deer). No FL QBA use was identified for laboratory animals. Methodological approaches varied greatly, including differences in term generation, observation methods (e.g., individual-vs. group observation and time spent observing), level of training and inter-observer reliability, and statistical analysis. Moreover, the level of reporting also varied greatly. In sum, this review provides a full overview of the current state of FL QBA including a list of all FL used which is important for the future development, refinement and standardisation of the method.
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1 Introduction

Qualitative Behaviour Assessment (QBA) is currently one of the relatively few available indicators of positive welfare [see, e.g., Boissy et al. (1) and Keeling et al. (2)] and one of the few methods currently thought as directly inferring an emotional state (3). The key characteristic of QBA is that it addresses the whole dynamic animal, describing and quantifying the emotionally expressive qualities that emerge from the animal’s way of moving around its environment. Qualitative descriptors such as fearful, joyful, or energetic integrate different aspects of an animal’s demeanour and are presumed to reflect an animal’s experience of its surroundings. Thus, QBA postulates that behaviour has observable dynamic expressive qualities open to formal analysis (4).

QBA was first mentioned in literature in 2000. Based on the argument that traditional, quantitative (ethogram-based) behavioural observation methodologies may not capture information on how an animal carries out behaviour (i.e., demeanour), a qualitative approach was explored as a novel methodology for integrative animal welfare assessment (5). Qualitative approaches have been used before to identify personality traits in animal personality research, inferring on underlying constructs that are not only based on which behaviours are performed, but also on how they are performed (6). This means that instead of only quantifying certain behaviours like in traditional ethograms, QBA specifically aims to capture the quality of behaviour, i.e., the style or expressive quality. A first link between this approach and the emotional state of animals was proposed by Wemelsfelder et al. (5). In the original article, as well as in the following years to come [e.g., Wemelsfelder et al. (4, 5) and Rousing and Wemelsfelder (7)], QBA was based on Free-Choice-Profiling (FCP) methodology, in which multiple observers freely generate terms to describe animals’ behavioural expressivity, usually based on video clips. In short, in Free Choice Profiling, observers use their own words to describe the expressive quality of the behaviours they see. A group of observers observes animals (usually from video clips) and then each observer writes down descriptive terms that in his or her opinion describe best the expressive quality of behaviours observed (e.g., descriptors like curious, relaxed, fearful). Then the same observers, using their self-generated descriptor list, rate the expressivity of observed animals on a Visual Analogue Scale (VAS) ranging from ‘minimum’ (expression absent) to ‘maximum’ (expression strongly dominant). Because everyone uses different words, the data is analysed using a statistical method called Generalised Procrustes Analysis (GPA). This technique finds common patterns in the ratings, despite the differences in vocabulary (4, 5, 8).

In a widely cited literature review on measuring positive emotions in animals (1), QBA is mentioned as one potential methodology to measure positive emotional state of animals and for potential inclusion in welfare assessment protocols, although the authors also highlight the general problem of validating such indicators of positive affect. Moreover, as studies suggested good reliability [(e.g., 4, 9–11)] along with the fact that not many (feasible) indicators for the positive emotional state had been described [(e.g., 1)], QBA was included as a measure of positive emotion within the Welfare Quality project (WQ) (development of feasible on-farm welfare assessment protocols). In order to enhance the feasibility of the QBA method, here, for the first time, the development of QBA fixed lists (FL), as ready-to-use lists of terms, is described (9–11). In the FL approach, the list of terms is pre-established based on existing research (sometimes further developed and refined in further studies), or on consultation with suitable species experts and stakeholders [(e.g., 12)], and is not, as with FCP, chosen freely by the observer(s) who end up using the list. This standardisation means that a FL QBA can be carried out by a single observer.

After inclusion in the WQ, QBA has also been extended to other welfare assessment frameworks and protocols, especially as measure for the criterion ‘positive emotional state’ [(e.g., 13–16)]. Because FL QBA is now a part of various welfare assessment schemes [e.g., WQ, Animal Welfare Indicators (AWIN), Shelter Quality (SQP)] and thus the use of FL QBA is sometimes not obvious in these studies, the exact number of studies that have used FL QBA is unclear. The methods used to develop the QBA lists vary, as does the context in which it has been used. Although some literature reviews on QBA already exist, these have so far focused on its potential use in welfare assessment protocols (17–21) and were focused on a specific group of animal species and/or on the usefulness of QBA as a tool for specific contexts [e.g., inclusion in Australian livestock industry (18) or for zoo animal welfare assessment (19)]. Moreover, these were not systematic reviews. The aim of the present review is to provide a structured overview of the application of QBA in studies using the FL approach, covering all species that a FL QBA has been developed for, as well as the uses (aims) of the method. The focus on FL QBA was chosen because this approach is most relevant for welfare assessment tools (i.e., on-farm/on-site use) due to its higher feasibility compared to FCP. Therein, we did not limit on specific purposes of use of FL QBA, but aimed to provide an overview of use of FL QBA in all areas of current research. The specific research questions we aim to answer are: (1) On which animal species has the FL QBA been carried out so far? (2) How were the FLs developed? (3) What was the aim of studies using the FL QBA? (4) How was the FL QBA applied? (5) How were QBA results analysed statistically? Providing such an overview is useful for guiding further developments of the method; the review’s focus will be on identifying methodological concerns for further discussion and research. However, as this is not a comprehensive review of QBA research, it will not address whether the listed QBA FL studies have used QBA successfully or not.



2 Materials and methods


2.1 Search methods

The electronic database Web of Science (WoS) was searched for relevant publications on QBA. This was carried out between October 2023 and February 2024. After initial scoping to detect the best possible search word combination, different searches were carried out for specific species, or groups of animals, to ensure covering the most common species within farmed, companion, experimental and wild animals. Specifically, this included cattle, buffaloes, pigs, poultry, sheep, goats, horses, dogs, cats, fish, experimental animals, as well as wild and exotic animals. For each species or animal group, two searches were applied. The first search was specified by the keywords ‘qualitative + behav* + assessment’ and/or ‘QBA’, supplemented by (i.e., also including) relevant species-specific terms (for example, species-specific terms for horse consisted of ‘horse OR equ* OR pon* OR foal OR filly OR mare OR stallion OR gelding’). The keywords of the second search included ‘welfare + assessment’ and/or ‘Welfare + Quality*’ and/or ‘AWIN’, along with the species-specific terms of the first search. The second search was added because QBA commonly is part of existing welfare assessment schemes such as WQ or AWIN and related publications, which in some cases, were missed by the first search. All search strings were specified to search in ‘topic’ (includes title, abstract and author keywords) with no limitation on publication year. For experimental and wild animals, one broad search was made for each category owing to the large number of species belonging to these categories (for experimental animals, specific searches for rats, mice, hamsters, rabbits, guinea pigs were also included). Finally, the species-specific searches were supplemented by a broad search without species specific terms with the search string ‘qualitative + behav* + assessment OR QBA OR welfare + assessment OR Welfare + Quality* OR AWIN’ to ensure all relevant publications were identified.



2.2 Inclusion and exclusion criteria

Title and abstract of all publications appearing in the searches were initially screened against inclusion and exclusion criteria (if the information could not be obtained from the title or abstract, the full text was screened). Publications that met all the following inclusion criteria were included in the review: (i) applied QBA as part of the study’s methodology (either focused entirely on QBA or included it as part of a larger objective), (ii) used the FL approach (either exclusively or as a second step to FCP for, e.g., term list development), (iii) published in a peer-reviewed journal, (iv) available in English, and (v) available in full. Any duplicate publications (i.e., publications that were already included) were excluded. Consequently, only original research publications utilising QBA based on the FL approach as defined by Wemelsfelder et al. (9), Wemelsfelder (10), Wemelsfelder et al. (11) (based on the respective authors’ claim and interpretation) were included. In addition publications that reported using an existing welfare assessment protocol of which QBA is an established part of (e.g., WQ, AWIN, SQP) were also included in the review, even if QBA was not specifically mentioned in the text.



2.3 Extraction of information

Selected parameters related to the studies’ methodology and results were extracted from the included publications. These parameters included information on the aim of the QBA, the animals used (e.g., species assessed, number of individuals, and life stages), information on the assessors (e.g., experience with species, QBA training received), the QBA method [e.g., term list development, time spent observing the animals, length of the visual analogue scale (VAS)], statistical methods (e.g., whether data suitability criteria were met, whether principal component analysis (PCA) was carried out and number of extracted principal components). Database searches, initial review of publications against inclusion and exclusion criteria, and extraction of parameters on publication-level were carried out approximately evenly distributed by the three authors. Fourteen randomly selected papers were reviewed independently beforehand to assure sufficient agreement in extraction (100%) between the three authors.




3 Results

The searches resulted in 193 included articles which ranged from the years 2011–2023. The last search without species-specific terms did not result in any additional articles. The studies and key results are presented in two tables: Table 1 presents the species, the setting, the life stage and the aim for which the QBA was used. Table 2 presents the experimental procedure of the same studies, i.e., origin of the QBA list of terms used, observer training, observation method and time, length of the VAS and whether QBA scores are analysed at PC or term level. Supplementary Table 1 contains the terms used in the studies on cattle, pigs and poultry, Supplementary Table 2 contains terms for sheep and goats, Supplementary Table 3 contains the same for horses and donkeys, and finally Supplementary Table 4 contains the same for dogs. The majority of the studies were done on production animals. More than half (54.4%) of the studies were on either cattle (34.7%, mainly dairy cattle) or pigs (19.7%). 11.9% of the studies were done on poultry and another 10.9% on small ruminants. On equids, encompassing working, farmed and companion animals alike, 8.8% of the studies were carried out. 8.2% of the studies were carried out on dogs (7.2%) and cats (1.0%). The remaining studies (5.2%) were done on zoo and aquaria animals or fish. No studies were found on experimental animals.


TABLE 1 Overview of the identified studies utilising fixed-list (FL) Qualitative Behaviour Assessment (QBA), the species the method was applied on, the setting and life stage of the animals during the study, and the aim of the QBA comprised into four general categories.


	Reference
	Species
	Setting
	Life stage
	Aim of QBA1

 

 	Adamie et al. (81) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Andreasen et al. (23) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Andreasen et al. (82) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Andric et al. (83) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Armbrecht et al. (84) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Barry et al. (85) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Bokkers et al. (43) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Brscic et al. (86) 	Cattle 	Farm (dairy production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Bugueiro et al. (87) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Bugueiro et al. (88) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Ceballos et al. (51) 	Cattle 	Farm (dairy production) 	Adult 	Emotional/behavioural response or change to event


 	Chen et al. (89) 	Cattle 	Farm (experimental setting, meat production) 	Juvenile 	Temperament/behavioural profile


 	Coignard et al. (90) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Coignard et al. (91) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Collins et al. (92) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Collins et al. (93) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Cooke et al. (65) 	Cattle 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Cooke et al. (94) 	Cattle 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	de Andrade Kogima et al. (95) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	des Roches (25) 	Cattle 	Farm (experimental setting, dairy production) 	Adult 	General welfare assessment/emotional state (WQ)/ emotional/behavioural response or change to event


 	de Graaf et al. (96) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	de Rosa et al. (97) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	de Vries et al. (98) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	de Vries et al. (99) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	de Vries et al. (100) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	des Roches et al. (101) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Dos Santos et al. (102) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Ebinghaus et al. (37) 	Cattle 	Farm (dairy production) 	Adult 	Emotional/behavioural response or change to event


 	Ebinghaus et al. (50) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state


 	Ebinghaus et al. (38) 	Cattle 	Farm (dairy production) 	Adult 	Emotional/behavioural response or change to event


 	Ebinghaus et al. (103) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state


 	Ebinghaus et al. (104) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Ellingsen et al. (105) 	Cattle 	Farm (dairy production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Garro-Aguilar et al. (106) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Gieseke et al. (107) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Gois et al. (22) 	Cattle 	Farm (meat production) 	Juvenile 	Temperament/behavioural profile


 	Grimard et al. (108) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Gutmann et al. (109) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Hernandez et al. (110) 	Cattle 	Farm (dual purpose) 	Adult 	General welfare assessment/emotional state (WQ)


 	Hernandez et al. (111) 	Cattle 	Farm (dual purpose) 	Adult 	General welfare assessment/emotional state (WQ)


 	Hulsmann et al. (112) 	Cattle 	Farm (meat production) 	Juvenile 	Temperament/behavioural profile


 	Kaurivi et al. (27) 	Cattle 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Kirchner et al. (113) 	Cattle 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Kirchner et al. (114) 	Cattle 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Krug et al. (115) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Lutz et al. (116) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Molina et al. (117) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Popescu et al. (118) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Popescu et al. (119) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Rizzuto et al. (46) 	Cattle 	Rodeo 	Juvenile 	Emotional/behavioural response or change to event


 	Russell et al. (120) 	Cattle 	Farm (experimental, dairy production) 	Adult 	Emotional/behavioural response or change to event


 	Sant’Anna and da Costa (121) 	Cattle 	Farn (meat production) 	Juvenile 	Temperament/behavioural profile


 	Schmitz et al. (122) 	Cattle 	Farm (dairy production) 	Adult 	Emotional/behavioural response or change to event


 	Schulz et al. (123) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Thomann et al. (124)* 	Cattle 	Farm (dairy production) 	Not reported 	General welfare assessment/emotional state (WQ)


 	Tremetsberger et al. (125) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Tremetsberger et al. (126) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Valente and Stilwell (127) 	Cattle 	Farm (various) 	Not reported 	General welfare assessment/emotional state (WQ)


 	van Eerdenburg et al. (128) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Vucemilo et al. (129) 	Cattle 	Farm (dairy) production 	Adult 	General welfare assessment/emotional state (WQ)


 	Wagner et al. (130) 	Cattle 	Farm (dairy) production 	Adult 	General welfare assessment/emotional state (WQ)


 	Wagner et al. (131) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Zhitia et al. (132) 	Cattle 	Farm (dairy) production 	Adult 	General welfare assessment/emotional state (WQ)


 	Zuliani et al. (133) 	Cattle 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	da Silva et al. (26) 	Cattle (Zebu) 	Farm (dairy production) 	Juvenile 	General welfare assessment/emotional state


 	de Rosa et al. (134) 	Buffalo 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Napolitano et al. (34) 	Buffalo 	Farm (dairy production) 	Adult 	Other (c-QBA: evaluation of changes in animal behaviour during an observation/response to an event)


 	Serrapica et al. (36) 	Buffalo 	Farm 	Adult 	Other (c-QBA: evaluation of changes in animal behaviour during an observation/response to an event)


 	Brandt et al. (135) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Camerlink et al. (136) 	Pig 	Experimental setting 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Cardona et al. (137) 	Pig 	Farm (experimental, meat production) 	Juvenile 	General welfare assessment/emotional state/ Emotional/behavioural response/change to event


 	Cardona et al. (138) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state/ Emotional/behavioural response/change to event


 	Carreras et al. (139) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Carroll et al. (52) 	Pig 	Farm (experimental, meat production) 	Juvenile 	General welfare assessment/emotional state


 	Clarke et al. (140) 	Pig 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Czycholl et al. (141) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Czycholl et al. (142) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Czycholl et al. (62) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Czycholl et al. (143) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Czycholl et al. (144) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Duijvesteijn et al. (145) 	Pig 	Farm (meat production) 	(Juvenile) 	General welfare assessment/emotional state (WQ)


 	Friedrich et al. (146) 	Pig 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Friedrich et al. (147) 	Pig 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	Friedrich et al. (148) 	Pig 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	Friedrich et al. (149) 	Pig 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	Friedrich et al. (150) 	Pig 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Hubbard and Scott (151) 	Pig 	Farm (meat production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Kang et al. (152) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Losada-Espinosa et al. (153) 	Pig 	Farm (meat production) 	All 	General welfare assessment/emotional state (WQ)


 	Martin et al. (154) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Martinez et al. (155) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Meyer-Hamme et al. (156) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Munsterhjelm et al. (157) 	Pig 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	Munsterhjelm et al. (158) 	Pig 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	Oldham et al. (47) 	Pig 	Farm (experimental, meat production) 	Juvenile 	Emotional/behavioural response/change to event


 	Rocha et al. (159) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Schmitt et al. (160) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Schmitt et al. (161) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Temple et al. (162) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Temple et al. (163) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Temple et al. (164) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Termatzidou et al. (165) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Thomann et al. (124)* 	Pig 	Farm (meat production) 	Juvenile and adult 	General welfare assessment/emotional state (WQ)


 	Vitali et al. (166) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Vitali et al. (167) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Wiseman-Orr et al. (168) 	Pig 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Bassler et al. (169) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Buijs et al. (170) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Chen et al. (171) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	de Jong et al. (172) 	Chickens 	Farm/slaughter plant (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	di Marcantonio et al. (173) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Federici et al. (174) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Granquist et al. (175) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	He et al. (176) 	Chickens 	Farm (egg production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Iannetti et al. (177) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Iannetti et al. (178) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Li et al. (179) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Muri et al. (180) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Nenadovic et al. (181) 	Chickens 	Farm (egg production) 	Adult 	General welfare assessment/emotional state (WQ)


 	Plitman et al. (182) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Sans et al. (183) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Sans et al. (24) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Sans et al. (184) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Sans et al. (185) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Souza et al. (186) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Souza et al. (12) 	Chickens 	Farm (experimental and commercial, meat production) 	Juvenile 	General welfare assessment/emotional state


 	Tuyttens et al. (187) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Vasdal et al. (188) 	Chickens 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (WQ)


 	Vasdal et al. (189) 	Chickens 	Farm (egg production) 	Adult 	General welfare assessment/emotional and/or behavioural change/response


 	Bodas et al. (190) 	Sheep 	Farm (meat production) 	Juvenile 	General welfare assessment/emotional state (AWIN)


 	Collins et al. (191) 	Sheep 	Farm/pre-export (wool production) 	Adult 	General welfare assessment/emotional state


 	Diaz-Lundahl et al. (192) 	Sheep 	Farm (various) 	Adult 	General welfare assessment/emotional state


 	Hernandez et al. (193) 	Sheep 	Farm (grazing, wool production) 	Not reported 	General welfare assessment/emotional state


 	Mialon et al. (30) 	Sheep 	Farm (experimental, meat production) 	Juvenile 	General welfare assessment/emotional state (AWIN)


 	Muri and Stubsjøen (194) 	Sheep 	Farm 	Adult 	General welfare assessment/emotional state


 	Phythian et al. (195) 	Sheep 	Farm (various settings) 	All 	General welfare assessment/emotional state


 	Phythian et al. (196) 	Sheep 	Farm 	Juvenile and adult 	General welfare assessment/emotional state


 	Stubsjøen et al. (197) 	Sheep 	Farm 	Adult 	General welfare assessment/emotional state (FåreBygg project)


 	Willis et al. (29) 	Sheep 	Sea transport (wool production) 	All 	General welfare assessment/emotional state


 	Battini et al. (198) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Battini et al. (199) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Battini et al. (200) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state


 	Battini et al. (57) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Can et al. (201) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Can et al. (202) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Costa et al. (203) 	Goat 	Farm (experimental, feedlot system) 	(Adult) 	General welfare assessment/emotional state


 	Grosso et al. (204) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state


 	Muri et al. (205) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state


 	Muri et al. (206) 	Goat 	Farm (dairy production) 	Adult 	General welfare assessment/emotional state


 	Napolitano et al. (35) 	Goat 	(Farm) 	Juvenile 	Other (c-QBA: evaluation of changes in animal behaviour during an observation/response to an event)


 	Czycholl et al. (207) 	Horse 	Farm/boarding stable 	Adult and senior 	General welfare assessment/emotional state (AWIN)


 	Czycholl et al. (208) 	Horse 	Farm (various stables) 	Adult and senior 	General welfare assessment/emotional state (AWIN)


 	Czycholl et al. (209) 	Horse 	Farm/boarding stable (various) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Dai et al. (210) 	Horse 	Farm/boarding stable 	Adult 	Emotional/behavioural response to an event


 	Gronqvist et al. (68) 	Horse 	Not reported 	Adult 	Other (description of expressive behaviour; valence and arousal)


 	Harvey et al. (53) 	Horse 	Wild 	All 	General welfare assessment/emotional state


 	Jaramillo et al. (28) 	Horse 	Racing 	Juvenile and adult 	Emotional/behavioural response to an event


 	Minero et al. (211) 	Horse 	Farm (various facilities) 	Adult 	General welfare assessment/emotional state


 	Mullan et al. (212) 	Horse 	Public grazing land 	All 	General welfare assessment/emotional state


 	Popescu et al. (213) 	Horse 	Farm (privately owned stallions) 	Adult 	General welfare assessment/emotional state (AWIN)


 	Rowland et al. (214) 	Horse 	Traveller and gypsy owned horses 	Adult 	General welfare assessment/emotional state


 	Ruet et al. (215) 	Horse 	Riding school 	Adult 	Emotional/behavioural response to an event (AWIN)


 	Ruet et al. (216) 	Horse 	Riding school 	Adult 	Emotional/behavioural response to an event (AWIN)


 	Dai et al. (217) 	Donkey 	Farm 	Adult 	General welfare assessment/emotional state (AWIN)


 	Dai et al. (218) 	Donkey 	Farm (dairy production) 	Adult and senior 	General welfare assessment/emotional state (AWIN)


 	Gonzalez et al. (219) 	Donkey 	Not reported 	Juvenile and adult 	Emotional/behavioural response to an event


 	Minero et al. (220) 	Donkey 	Farm (various) 	Juvenile and adult 	General welfare assessment/emotional state


 	Arena et al. (54) 	Dog 	Shelter 	Adult 	General welfare assessment/emotional state


 	Arena et al. (55) 	Dog 	Shelter 	Adult 	General welfare assessment/emotional state (SQP)


 	Barnard et al. (221) 	Dog 	Shelter 	Adult 	General welfare assessment/emotional state


 	Berteselli et al. (222) 	Dog 	Shelter 	All 	General welfare assessment/emotional state (SQP)


 	Berteselli et al. (223) 	Dog 	Shelter 	Not applicable 	General welfare assessment/emotional state (SQP)


 	Cuglovici and Amaral (224) 	Dog 	Shelter 	Adult 	General welfare assessment/emotional state (SQP)


 	Harvey et al. (225) 	Dog 	Shelter 	Adult and senior 	Emotional/behavioural response to an event


 	Menchetti et al. (31) 	Dog 	Shelter 	Not reported 	Emotional/behavioural response or change to event


 	Pedersen and Malm (48) 	Dog 	Pedagogical school dogs 	Adult 	Emotional/behavioural response or change to event


 	Raudies et al. (226) 	Dog 	Shelter 	Adult 	General welfare assessment/emotional state


 	Shaw et al. (227) 	Dog 	Privately owned companion dogs (test facility) 	Adult and senior 	Emotional and/or behavioural change/response


 	Stubsjøen et al. (228) 	Dog 	Shelter 	Not reported 	General welfare assessment/emotional state (SQP)


 	Stubsjøen et al. (229) 	Dog 	Shelter 	Not reported 	General welfare assessment/emotional state (SQP)


 	Heritier et al. (230) 	Dog 	Shelter 	Not applicable 	General welfare assessment/emotional state (SQP)


 	Travnik and Sant’Anna (231) 	Cat 	Shelter 	Not reported 	Temperament/behavioural profile


 	Travnik et al. (232) 	Cat 	Shelter 	Not reported 	Temperament/behavioural profile


 	Jarvis et al. (233) 	Atlantic salmon 	Farm (hatchery and rearing unit) 	Juvenile 	General welfare assessment/emotional state


 	Wiese et al. (44) 	Atlantic salmon 	Experimental setting 	Juvenile 	Emotional/behavioural response or change to event


 	Stagni et al. (234) 	Brown bear 	Sanctuary 	Various 	General welfare assessment/emotional state


 	Delfour et al. (32) 	Dolphin 	Not reported 	Adult and juvenile 	Other (qualitative behavioural scoring; emotional/behavioural response or change to event)


 	Yon et al. (235) 	Elephant (Asian and African) 	Zoo 	Various 	General welfare assessment/emotional state


 	Dobrikj et al. (236) 	Elephant (Asian and African) 	Zoo 	Not reported 	General welfare assessment/emotional state


 	Gartland et al. (33) 	Gorilla 	Zoo 	Adult 	Other (qualitative behavioural scoring)


 	Munerato et al. (45) 	Pampas deer 	Wild 	Adult 	Emotional/behavioural response or change to event


 	Skovlund et al. (237) 	Polar bear 	Zoo 	Various 	General welfare assessment/emotional state


 	Nogueira et al. (238) 	White lipped pecari and collared pecari 	Farm (commercial hunting) 	Adult 	Temperament/behavioural profile





WQ, Welfare Quality; AWIN, European Animal Welfare Indicators; SQP, Shelter Quality Protocol. 1The use of existing QBA lists from established welfare protocols are indicated by brackets of the respective protocol.

* Same study, including cattle and pig.
 


TABLE 2 Information on the experimental procedure of the identified studies, including the origin of the used QBA list of terms, level of observer training, observation method and time, number of animals assessed, length of the VAS and the analysis level of QBA outcomes.


	Reference
	Origin QBA list of terms1
	Observer training2
	Live or video-based observation
	No. of individuals per assessment3
	Time per assessment4
	Length of VAS (mm)
	Analysis level

 

 	Adamie et al. (81) 	WQ 	No training reported 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Andreasen et al. (23) 	WQ; own creation 	Official training (WQ); no training 	Live 	Not reported 	20 min 	125 	PC level


 	Andreasen et al. (82) 	WQ; own creation 	Official training (WQ); no training 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Andric et al. (83) 	WQ 	No training reported 	Live 	Not reported (according to WQ) 	Not reported (approx. 2.5–10 min) 	125 	WQ aggregation (PC level)


 	Armbrecht et al. (84) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Barry et al. (85) 	WQ; own creation 	Official training (WQ) 	Live 	Whole group 	Not reported 	125 	WQ aggregation (PC level)


 	Bokkers et al. (43) 	WQ 	Other training; no training 	Video 	Not reported 	2 min 	125 	Term and PC level


 	Brscic et al. (86) 	WQ 	Other training 	Live 	Not reported 	20 min 	125 	PC level


 	Bugueiro et al. (87) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Bugueiro et al. (88) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Ceballos et al. (51) 	Gois et al. (22) and Sant’Anna and da Costa (121) 	Other training 	Video 	1 	Not reported 	125 	PC level


 	Chen et al. (89) 	Sant’Anna and da Costa (121) 	No training reported 	Live 	1 	0.5 min 	136 	Term level


 	Coignard et al. (90) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Coignard et al. (91) 	WQ 	Other training 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Collins et al. (92) 	WQ 	No training reported 	Live 	Not reported 	2.5–10 min 	125 	Not reported


 	Collins et al. (93) 	WQ 	Official training (WQ) 	Live 	Not reported (according to WQ) 	2.5–10 min 	125 	PC level


 	Cooke et al. (65) 	WQ 	Other training 	Live; Video 	Not reported 	10 min 	125 	Term and PC level


 	Cooke et al. (94) 	WQ 	Other training 	Live 	Whole group 	10 min 	125 	PC level


 	de Andrade Kogima et al. (95) 	WQ 	No training reported 	Live 	Not reported 	20 min 	125 	Term level


 	des Roches (25) 	WQ; own creation 	Other training 	Live 	Individual 	5 min 	125 	PC level


 	de Graaf et al. (96) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	de Rosa et al. (97) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	de Vries et al. (98) 	WQ 	Official training (WQ) 	Live 	Not reported (according to WQ) 	20 min 	125 	WQ aggregation Term level


 	de Vries et al. (99) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	de Vries et al. (100) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	des Roches et al. (101) 	WQ; own creation 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Dos Santos et al. (102) 	WQ 	Other training 	Live 	Not reported 	60 min 	125 	PC level


 	Ebinghaus et al. (37) 	Focus group; own creation 	Other training 	Live 	1 	Not reported 	125 	PC level


 	Ebinghaus et al. (50) 	Ebinghaus et al. (37) 	Other training 	Live 	1 	Not reported 	125 	PC level


 	Ebinghaus et al. (38) 	Ebinghaus et al. (37) 	Other training 	Live 	1 	Not reported 	125 (QBA App) 	PC level


 	Ebinghaus et al. (103) 	Ebinghaus et al. (37) 	Other training 	Live 	Not reported 	Not reported 	125 	PC level


 	Ebinghaus et al. (104) 	WQ 	No training reported 	Live 	Not reported 	Not reported 	Not reported 	PC level


 	Ellingsen et al. (105) 	WQ 	No training reported 	Live 	1 	10–20 min 	125 	PC level


 	Garro-Aguilar et al. (106) 	WQ 	Official training (WQ) 	Live 	Not reported (according to WQ) 	2.5–10 min 	125 	WQ aggregation (PC level)


 	Gieseke et al. (107) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Gois et al. (22) 	Sant’Anna and da Costa (121); own creation 	Other training 	Live 	1 	5 s 	Not reported 	Term and PC level


 	Grimard et al. (108) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Gutmann et al. (109) 	WQ 	Other training 	Video 	Not reported 	4 min 	125 	Term and PC level


 	Hernandez et al. (110) 	WQ 	No training reported 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Hernandez et al. (111) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Hulsmann et al. (112) 	Sant’Anna and da Costa (121); own creation 	No training reported 	Live 	1 	Not reported 	136 	Term level


 	Kaurivi et al. (27) 	WQ; own creation 	No training reported 	Live 	Whole group 	20 min 	125 	Not reported


 	Kirchner et al. (113) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Kirchner et al. (114) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Krug et al. (115) 	WQ 	No training reported 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Lutz et al. (116) 	WQ 	Official training (WQ) 	Live 	Not reported (according to WQ) 	3.5–10 min 	125 	Not reported (According to WQ)


 	Molina et al. (117) 	WQ 	No training reported 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Popescu et al. (118) 	WQ 	No training reported 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Popescu et al. (119) 	WQ 	Other training 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Rizzuto et al. (46) 	WQ; own creation 	Other training 	Video 	1 	Not reported 	Survey software 	Term and PC level


 	Russell et al. (120) 	WQ 	Other training 	Live 	48 	20 min 	125 	PC level


 	Sant’Anna and da Costa (121) 	WQ; own creation 	No training reported 	Live 	1 	30 s 	Not reported 	PC level


 	Schmitz et al. (122) 	Ebinghaus et al. (50) 	Other training 	Live 	1 	Not reported 	125 	PC level


 	Schulz et al. (123) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Thomann et al. (124)* 	WQ 	No training reported 	Live 	Not reported (according to WQ) 	Not reported (according to WQ) 	Not reported (according to WQ) 	PC level


 	Tremetsberger et al. (125) 	WQ 	No training reported 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Tremetsberger et al. (126) 	WQ 	No training reported 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Valente and Stilwell (127) 	WQ 	No training reported 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	van Eerdenburg et al. (128) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Vucemilo et al. (129) 	WQ 	No training reported 	Live 	17–20 	20 min 	Not reported 	Term level


 	Wagner et al. (130) 	WQ 	Official training (WQ) 	Live; Video 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Wagner et al. (131) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Zhitia et al. (132) 	WQ 	Official training (WQ) 	Live 	Not reported 	20 min 	125 	WQ aggregation (PC level)


 	Zuliani et al. (133) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	da Silva et al. (26) 	WQ; literature; own creation 	No training reported 	Video 	1 	3 min 	125 	PC level


 	De Rosa et al. (134) 	WQ (for cattle) 	Official training (WQ) 	Live 	25–64 	2.5–20 min 	125 	Term and PC level


 	Napolitano et al. (34) 	Napolitano et al. (35); own creation 	Other training 	Video 	1 	150 s 	100 	(Term level) (c-QBA)


 	Serrapica et al. (36) 	Napolitano et al. (35); own creation 	Other training 	Video 	1 	2 min 	100 	(Term level) (c-QBA)


 	Brandt et al. (135) 	WQ 	Not reported 	Live 	Sample of herd 	3.5–10 min 	125 	WQ aggregation (PC level)


 	Camerlink et al. (136) 	WQ; Duijvesteijn et al. (145); own creation 	Other training 	Video 	1 	1 min 	125 	PC level


 	Cardona et al. (137) 	WQ 	Other training 	Video 	5 	3–5 min 	125 	Term and PC level


 	Cardona et al. (138) 	WQ 	Other training 	Video 	10–12 	1–5 min 	125 	Term and PC level


 	Carreras et al. (139) 	WQ 	Other training 	Live 	11 	10 min 	125 	WQ aggregation (PC level)


 	Carroll et al. (52) 	Not reported 	Not reported 	Live; Video 	1 	Not reported 	100 	PC level


 	Clarke et al. (140) 	WQ 	Other training 	Video 	15–18 	1 min 	100 	Term and PC level


 	Czycholl et al. (141) 	WQ 	Official training (WQ) 	Live 	80–240 	3.5–5 min 	125 	Term level


 	Czycholl et al. (142) 	WQ 	Official training (WQ) 	Live 	100–200 	3.5–5 min 	125 	Term level and WQ aggregation (PC level)


 	Czycholl et al. (62) 	WQ 	Official training (WQ) 	Live; Video 	Not reported 	3.5–20 min 	125 	Term and PC level


 	Czycholl et al. (143) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	3.5–10 min 	125 	WQ aggregation (PC level)


 	Czycholl et al. (144) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	3.5–5 min 	125 	WQ aggregation (PC level)


 	Duijvesteijn et al. (145) 	WQ; own creation 	No training reported 	Video 	1 	1–2 min 	125 	PC level


 	Friedrich et al. (146) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	3.5–5 min 	125 	Term and PC level


 	Friedrich et al. (147) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	2.5–10 min 	125 	Term and PC level


 	Friedrich et al. (148) 	WQ 	Official training (WQ) 	Live 	Not reported 	Not reported 	Not reported 	Not reported


 	Friedrich et al. (149) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	2.5–10 min 	125 	WQ aggregation (PC level)


 	Friedrich et al. (150) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	2.5–10 min 	125 	Term and PC level


 	Hubbard and Scott (151) 	WQ 	No training reported 	Live 	Not reported 	2.5–10 min 	125 	Term


 	Kang et al. (152) 	WQ 	No training reported 	Live 	Sample of herd 	2.5–10 min 	125 	Term level; WQ aggregation (PC level)


 	Losada-Espinosa et al. (153) 	WQ 	No training reported 	Live 	Sample of herd 	2.5–10 min; 3.5–10 min 	125 	WQ aggregation (PC level)


 	Martin et al. (154) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	2.5–10 min 	125 	WQ aggregation (PC level)


 	Martinez et al. (155) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	2.5–10 min 	125 	WQ aggregation (PC level)


 	Meyer-Hamme et al. (156) 	WQ 	Official training (WQ) 	Live 	100–200 	50 	125 	WQ aggregation (PC level)


 	Munsterhjelm et al. (157) 	WQ 	Official training (WQ) 	Live 	Sample of herd 	2.5–10 min 	125 	PC level


 	Munsterhjelm et al. (158) 	WQ 	Other training 	Live 	Sample of herd 	2.5–10 min 	125 	PC level


 	Oldham et al. (47) 	WQ; Duijvesteijn et al. (145) and Rutherford et al. (3) 	Other training 	Video 	2 	30 s 	125 	PC level


 	Rocha et al. (159) 	WQ 	Other training 	Live 	Sample of herd 	2.5 	125 	WQ aggregation (PC level)


 	Schmitt et al. (160) 	WQ 	No training reported 	Live 	12 	20 	125 	Term and PC level; WQ aggregation (PC level)


 	Schmitt et al. (161) 	WQ 	No training reported 	Live 	Not reported 	2 min 	125 	PC level


 	Temple et al. (162) 	WQ 	Other training 	Live 	Sample of herd 	2.5 min 	125 	Term level


 	Temple et al. (163) 	WQ 	Other training 	Live 	Sample of herd 	2.5 min 	125 	PC level


 	Temple et al. (164) 	WQ 	No training reported 	Live 	100–200 	2.5 min 	125 	PC level


 	Termatzidou et al. (165) 	WQ 	No training reported 	Live 	10 	2 	/ 	(Term level)


 	Thomann et al. (124)* 	Not reported 	Not reported 	Not reported 	Not reported 	Not reported 	Not reported (according to WQ) 	Not reported


 	Vitali et al. (166) 	WQ 	Official training (WQ) 	Live 	Not reported 	5 	125 	WQ aggregation (PC level)


 	Vitali et al. (167) 	WQ 	Other training 	Live 	Not reported 	5 	125 	Term and PC level


 	Wiseman-Orr et al. (168) 	/ 	No training reported 	/ 	/ 	/ 	100; absence/presence 	Not reported


 	Bassler et al. (169) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 	125 	WQ aggregation (PC level)


 	Buijs et al. (170) 	WQ 	Other training 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Chen et al. (171) 	WQ 	Not reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	de Jong et al. (172) 	WQ 	Other training 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	di Marcantonio et al. (173) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Federici et al. (174) 	WQ 	Other training 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Granquist et al. (175) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	He et al. (176) 	WQ 	Other training 	Live 	Whole group 	20 min 	Not reported 	WQ aggregation (PC level)


 	Iannetti et al. (177) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Iannetti et al. (178) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Li et al. (179) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Muri et al. (180) 	WQ 	Other training 	Live 	Whole group 	Not reported 	Not reported 	PC level


 	Nenadovic et al. (181) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	Term level


 	Plitman et al. (182) 	WQ 	No training reported 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Sans et al. (183) 	WQ; own creation 	No training reported 	Live 	100 	5 min 	125 	Term level


 	Sans et al. (24) 	WQ; Souza et al. (12) 	Official training (WQ) 	Live 	Whole group 	10 min 	125 	PC level


 	Sans et al. (184) 	WQ; Souza et al. (12) 	Official training (WQ) 	Live 	Whole group 	10 min 	125 	PC level


 	Sans et al. (185) 	WQ; own creation 	No training reported 	Live 	Whole group 	10 min 	125 	PC level


 	Souza et al. (186) 	WQ 	Other training 	Live 	Whole group 	10 	125 	WQ aggregation (PC level)


 	Souza et al. (12) 	Focus group; own creation 	Other training 	Video 	Group 	1 min 	125 	Term and PC level


 	Tuyttens et al. (187) 	WQ 	Official training (WQ) 	Live 	Whole group 	20 min 	125 	WQ aggregation (PC level)


 	Vasdal et al. (188) 	WQ 	Official training (WQ) 	Live 	Whole group 	Not reported 	Not reported 	WQ aggregation (PC level)


 	Vasdal et al. (189) 	WQ; own creation 	Official training (WQ)/Other training 	Live 	Whole group 	20 min 	125 	PC level


 	Bodas et al. (190) 	AWIN 	No training reported 	Live 	Not reported 	Not reported (according to AWIN) 	Not reported according to Grosso et al. (204) 	PC level


 	Collins et al. (191) 	Literature; own creation 	Other training 	Video 	(20) 	30–45 s 	100 	PC level


 	Diaz-Lundahl et al. (192) 	Literature Muri and Stubsjøen (194); farm observations; focus group; own creation 	Other training 	Video 	111 	2 min 	125 	PC level


 	Hernandez et al. (193) 	AWIN; focus group; own creation 	Other training 	Live 	9–2,000 	20 min 	Not reported 	PC level


 	Mialon et al. (30) 	AWIN 	Other training 	Video 	(7; pen) 	45 s 	125 	PC level


 	Muri and Stubsjøen (194) 	Literature; focus group; own creation 	Other training 	Live; Video 	3–26; 43–109 	2 min; 20 min 	125 	Term and PC level


 	Phythian et al. (195) 	Previous study (FCP); focus group; own creation 	Official training 	Video 	1—whole group 	1 min 	125 	PC level


 	Phythian et al. (196) 	Phythian et al. (195) 	Other training 	Live 	77 	30 	125 	PC level


 	Stubsjøen et al. (197) 	Literature Muri and Stubsjøen (194); own creation 	Other training 	Live 	Whole group 	20 min 	Not reported 	PC level


 	Willis et al. (29) 	Literature; own creation 	Not reported 	Live 	Whole group 	5–8 min 	100 	(PC level)


 	Battini et al. (200) 	Grosso et al. (204) 	Other training 	Live 	72.28 ± 7.40 	10–20 	125 	PC level


 	Battini et al. (198) 	AWIN 	Other training 	Live 	Not reported 	Not reported 	Not reported 	Not reported


 	Battini et al. (199) 	AWIN 	Official training (AWIN) 	Live 	7–192 	Not reported 	Not reported 	PC level


 	Battini et al. (57) 	AWIN 	Official training (AWIN) 	Live 	Whole group 	10 	Not reported (according to AWIN) 	PC level


 	Can et al. (201) 	AWIN 	Other training 	Live 	Whole group 	10–20 	Not reported 	Term and PC level


 	Can et al. (202) 	AWIN 	Other training 	Live 	12.5–167 	Not reported (according to AWIN) 	Not reported (according to AWIN) 	/


 	Costa et al. (203) 	Grosso et al. (204) 	Not reported 	Live 	8 	Not reported 	Not reported 	Term level


 	Grosso et al. (204) 	Literature; focus group; own creation 	Other training 	Live 	Whole herd 	10–20 	125 	Term and PC level


 	Muri et al. (205) 	WQ (dairy cows); own creation 	No training reported 	Live 	11–173 	20 	Not reported 	Term level


 	Muri et al. (206) 	Not reported; own creation 	Other training 	Live 	Whole group 	Not reported 	Not reported 	Term level


 	Napolitano et al. (35) 	Focus group; own creation 	Other training 	Video 	9–10 	90 s 	100 	(Term level) (c-QBA)


 	Czycholl et al. (207) 	AWIN 	Official training (AWIN) 	Live 	1 	1 min 	125 	/


 	Czycholl et al. (208) 	AWIN 	Official training (AWIN) 	Live 	1 	1 min 	125 	Term and PC level


 	Czycholl et al. (209) 	AWIN 	Official training (AWIN) 	Live 	1 	1 min 	125 	PC level


 	Dai et al. (210) 	FCP; own creation 	Other training 	Video 	1 	39–110 s 	125 	Term and PC level


 	Gronqvist et al. (68) 	Minero et al. (220) 	No training reported 	Video 	1 	10 s 	5-point scale 	Term level


 	Harvey et al. (53) 	Not reported 	Other training 	Video 	1 	1–252 s 	Not reported 	/


 	Jaramillo et al. (28) 	FCP; own creation 	Other training 	Video 	1 	3 s 	Not reported 	Term and PC level


 	Minero et al. (211) 	Literature; focus group; own creation 	Other training 	Live 	1 	1 min 	125 	PC level


 	Mullan et al. (212) 	Not reported 	No training reported 	Live 	1 	Not reported 	Not reported 	PC level


 	Popescu et al. (213) 	AWIN 	Official training (AWIN) 	Live 	1 	30–60 s 	125 	PC level


 	Rowland et al. (214) 	Focus group; own creation 	No training reported 	Live 	1 	2–3 min 	Not reported 	PC level


 	Ruet et al. (215) 	AWIN 	Other training 	Video 	1 	8 min 	100 	PC level


 	Ruet et al. (216) 	AWIN 	Other training 	Live 	1 	1 min 	125 	Term level


 	Dai et al. (217) 	AWIN 	Other training 	Live 	Whole herd 	2.5–10 min 	125 	PC level


 	Dai et al. (218) 	Minero et al. (220) (AWIN) 	Other training 	Live 	1 	2.5–10 min 	125 	PC level


 	Gonzalez et al. (219) 	Minero et al. (220) (AWIN); own creation 	Other training 	Video 	1 	1–450 s 	Mercalli scale 	Other


 	Minero et al. (220) 	Literature; focus group; own creation 	Other training 	Live; Video 	Whole group 	7.5–15 min 	125 	PC level


 	Arena et al. (54) 	Arena et al. (240) (FCP); literature; expert opinion 	Other training 	Video 	Whole group 	1.5 min 	125 	PC level


 	Arena et al. (55) 	SQP 	No training reported 	Live 	1–5 	1 min 	Not reported 	/


 	Barnard et al. (221) 	Arena et al. (240) (FCP); SQP 	Other training 	Video 	1 - whole group 	1.5 	125 	Term level


 	Berteselli et al. (222) 	Arena et al. (240) (FCP); SQP 	Official training (SQP) 	Live 	Whole group 	1 	125 	Term level


 	Berteselli et al. (223) 	SQP 	No training reported 	Not reported 	Not reported 	Not reported 	Not reported 	(Term and PC level)


 	Cuglovici and Amaral (224) 	SQP 	No training reported 	Live 	Whole group 	1 	125 	Term level


 	Harvey et al. (225) 	Arena et al. (54, 55); own creation 	Other training 	Video 	1 	30 s – 2 min 	125 	PC level


 	Menchetti et al. (31) 	Literature; own creation 	Official training (SQP) 	Live 	1 	Approx. 80 s 	5-point scale 	Term and PC level


 	Pedersen and Malm (48) 	Own creation (consulted QBA experts) 	Other training 	Live 	1 	15–45 min 	125 	Term level


 	Raudies et al. (226) 	Not reported; SQP 	Not reported 	Live; Video 	Not reported 	Not reported 	Not reported 	/


 	Shaw et al. (227) 	Arena et al. (54, 55); own creation 	Other training 	Video 	1 	2 min 	125 	PC level


 	Stubsjøen et al. (228) 	Literature; focus group; own creation 	Other training 	Video 	1–5 	Not reported 	125 	Term and PC level


 	Stubsjøen et al. (229) 	Stubsjøen et al. (228) 	Other training 	Live; Video 	1 - whole group 	2 	125 	Term and PC level


 	Heritier et al. (230) 	SQP; literature; from FCP; focus group; own creation 	/ 	Not reported 	Not reported 	Not reported 	Not reported 	Term level


 	Travnik and Sant’Anna (231) 	Literature; own creation 	Other training 	Video 	1 	12 min 	126 	PC level


 	Travnik et al. (232) 	Travnik et al. (232) 	Other training 	Video 	1 	12 min 	Not reported 	PC level


 	Jarvis et al. (233) 	Field observations; focus group; own creation 	No training reported 	Live 	1 	60 min 	125 	PC level


 	Wiese et al. (44) 	Literature; field observations; focus group; own creation 	Other training 	Video 	(80) 	1 min 	100 	PC level


 	Stagni et al. (234) 	Literature; field observations; own creation 	Other training 	Live 	1 	20 min 	125 	Term and PC level


 	Delfour et al. (32) 	Own creation 	No training reported 	Live 	1 - group 	Not reported 	Not reported 	/


 	Yon et al. (235) 	Literature; field observations; own creation 	No training reported 	Live 	1 	1 min 	125 	Term and PC level


 	Dobrikj et al. (236) 	Yon et al. (235) 	No training reported 	Live 	1 - group 	1 min 	Likert scale 	Term level


 	Gartland et al. (33) 	Literature; own creation 	No training reported 	Live 	1 	Not reported 	5-point scale 	Term level


 	Munerato et al. (45) 	Not reported 	No training reported 	Live 	1 	Not reported 	125 	Term and PC level


 	Skovlund et al. (237) 	Literature; field observations; own creation 	Other training 	Live 	1 	5 min 	125 	PC level


 	Nogueira et al. (238) 	Literature; own creation 	No training reported 	Video 	Not reported 	20 s 	125 	Term and PC level





VAS, Visual Analogue Scale; FCP, Free-Choice Profiling; WQ, Welfare Quality; AWIN, European Animal Welfare Indicators; SQP, Shelter Quality Protocol.

“/” Is provided when the not applicable (e.g., no results provided for QBA) or when the information was not possible to extract.

“According to WQ/AWIN” is provided when it was stated, or it could be elucidated, that the methods followed these protocols and the sampling guidelines (e.g., for WQ, VAS = 125 mm, no. of animals assessed = group).

1 “WQ,” “AWIN” or “SQP”: the list originates from these protocols; “Literature”: based on terms or lists collected in the literature; FCP: the list was generated through Free-Choice Profiling; focus group: the list was generated/adapted in a focus group; “own creation”: The list was developed or adapted as part of the study; a listed reference refers to the study (included in this paper) the list originates from.

2 Reported training of the QBA observers and identifiable details of such training.

3 Number of individuals covered by each assessment (group/herd-level, or a subset hereof, is stated when the number of individuals was not clear from the text). In some instances, it could be determined that, e.g., WQ guidelines were followed and hence “Sample og group” could be provided.

4 Indicates the time of a single QBA (assessment) (some assessments are repeated, e.g., across the day).

*Same study, including cattle and pig.
 


3.1 Aim of the studies and origin of QBA term lists

The aim of the studies was in most cases welfare assessment (144 papers), and QBA was often done as part of the WQ (112 papers) or AWIN protocols (14 papers) (Table 1). Seven studies did not use QBA as an indicator in the area of general welfare assessment but rather as a measure of temperament [e.g., Gois et al. (22)]. The remaining studies’ aims can be summed up as assessment of emotional state independent of general welfare assessment, for example as an evaluation of an animal’s emotional response to specific events or contexts (e.g., disease, sport events etc.).

The greater representation of studies using QBA as part of a welfare assessment protocol, is also reflected in the origin of the FL, since the term lists came from either the WQ or the AWIN protocol in 141 out of the 193 studies (see Table 2). However, in many cases the protocols were modified by adding one or several new terms [e.g., Andreasen et al. (23) and Sans et al. (24)], by reducing the number of terms overall [e.g., des Roches et al. (25) and da Silva et al. (26)] or, e.g., by exclusively using negative valenced terms (27). When the FL was not part of an existing welfare assessment protocol (identified as WQ, AWIN or SQP), list development can be categorised as being either based on the literature (terms are collected in the literature to form a list), FCP (a new list was created based on the FCP approach) or using focus groups (terms were generated in a focus group), and was often based on a combination of these. While the studies on cattle, pigs and poultry most often used standardised lists (typically from WQ, Supplementary Table 1), the case is different for goats and especially sheep (Supplementary Table 2). Although AWIN has developed lists for these species (13, 15), several of the identified studies reported using self-developed lists, and it was not always clearly described how the lists had been developed. In the studies providing details on how the lists were provided, the authors often specifically highlight the need for developing alternative lists for specific purposes [(e.g., 28)] or with regard to translation issues when used in different geographical regions [(e.g., 12)]. However, in general, another notable fact concerning studies using alternative lists is that altogether, these lists vary greatly in the number of terms, for example in small ruminants, some consist of just six (29) and others of 21 (30) terms. Considering the details of the FL used, please see Supplementary Tables 1–4.



3.2 Experimental procedure of use of QBA

Again, most of the studies applied the QBA according to the methodology described in the respective welfare assessment protocols. However, some differences can be detected, for example regarding the length of the VAS. Eight studies reported using a VAS of only 100 mm (instead of 125 mm as originally described in WQ, AWIN and SQP), and two studies reported a VAS of more than 125 mm. Further adaptations of the VAS were also found in the form of using, e.g., survey software formats, categorical or Mercalli scales [e.g., Menchetti et al. (31), Delfour et al. (32), and Gartland et al. (33)]. Noteworthy, three studies (34–36) used a novel method they termed continuous (c) QBA (c-QBA). C-QBA is a combination of QBA with the “Temporal Dominant Behavioural Expression” methodology (34) and enables recording shifts in individual QBA descriptors over time, i.e., the description of changes in animal behavioural expression during the observation session.

For the production animals, whole groups of animals were typically observed (following the WQ approach for these species), with only a few exceptions [e.g., Ebinghaus et al. (37, 38) and Gois et al. (22)]. For companion animals (including horses, but not donkeys) as well as for the zoo animals the reverse is true; most of the studies observed the animals at an individual level. The total number of animals included in the studies differed widely, with larger numbers of animals observed in production animals, with studies on hens and broilers including the highest numbers. The time frame observed per animal group was in most studies determined by the respective welfare assessment protocols, although different time frames also can be found (see Table 2).

Most of the studies observed the animals directly, while 29 studies used indirect (video) observation, and 11 studies used both direct and indirect observations. The level of observer training was found to vary greatly across the studies and was often not reported or was poorly described. Most studies provided no information on the level of experience with the relevant species (results not included in tables), while 89 studies reported their observers as experienced, however with large variation in provided details and in level of experience. Concerning the number of observers that performed QBA, 29 studies did not provide details, 49 studies were based on observations by one observer, 24 on observations by two observers and the remaining studies on observations by multiple observers. However, of the studies using more than one observer, only 43 reported that observer agreement was checked before data collection. A large variation is found in how observers were trained and how agreement was reached, checked and reported. This ranges from reporting of simple discussions about terms among observers, reaching an overall consensus of the whole WQ, AWIN or SQP (of which QBA is part), to utilising a few videos or spending up to multiple days or weeks on on-site training. Likewise, the analysis of observer agreement varied from descriptive evaluations to different statistical analyses, in which the level of interpretation also varied.



3.3 Reported statistical analysis

As shown in Table 2, 20 studies analysed the results of QBA outcomes solely on term level, 56 studies used the aggregation system of WQ, and 93 studies used a PCA for analysis (these are reported on in more detail in Supplementary Table 5). Fifteen of these 93 studies provided information on data suitability criteria. Fifty-two of the studies retained two PCs to explain the outcomes of the QBA (as in the WQ protocol), the other studies either retained one component (two studies), three components (20 studies, with 17 studies interpreting the third extracted component further) or four components (eight studies, with five studies interpreting the third and fourth extracted principal component further). In less than half of these 93 studies, information on cut-off values for factor loadings that were used for interpretation of the respective components could be extracted, i.e., most of the included studies did not state what was interpreted as loading highly on a PC and thus which values were used for interpreting/naming a PC. In some cases, this information was not clearly reported in the material and methods section, but could be extracted from the results tables. In about a quarter of the studies, principal component loadings of above 0.4 and below −0.4 were reported as used as cut-offs for this interpretation.




4 Discussion

Overall, FL QBA has been used in a variety of species, in many different settings and contexts, with various approaches to its methodology and analysis. The majority of FL QBA studies were carried out as part of a welfare assessment protocol for farm animals. While a large variation in species is evident, the literature search yielded no results on experimental animals. This is somewhat surprising, as the method aligns with other qualitative approaches used in experimental animals, such as those included in some forms of pain grimace assessments [e.g., in rabbits: Benato et al. (39)]. Moreover, using the method in experimental animals may aid in substantiating the validity and reliability of QBA, as laboratory settings typically offer more controlled environments [e.g., Calisi and Bentley (40) compared to, e.g., on farm or in zoos]. Overall, there is a variation in a number of factors that are likely to affect the outcome of a QBA and its meaning. Differences in the conditions under which they were observed (e.g., filmed or live), choice of terms in FL and statistical analysis, makes it difficult to compare the results of the current studies even on the species-level.


4.1 Aim of the studies

The original development of QBA was aimed at the evaluation of welfare (4, 5, 20), arguing that its whole-animal expressive information could make a unique contribution to scientific welfare assessment. Multiple validity and reliability studies on the FCP approach were carried out resulting in a generally proven efficacy of the methodology [reviewed by Wemelsfelder (8)]. Likewise, the high feasibility owing to its rapid assessment and ease of implementation [(e.g., 9–11)], compared to other methods of assessing the emotional state [such as the cognitive bias test; Crump et al. (41)] is a clear advantage of QBA. These advantages likely contribute to QBA being included as a customary part of various welfare assessment protocols. The first FL developments were specifically carried out for inclusion in welfare assessment protocols for farm animals (9–11). With this development, it is not surprising that the far most common use of FL QBA in the included studies was identified as general welfare assessment, and predominantly as part of the established frameworks of WQ, AWIN and SQP, belonging to the welfare criterion ‘positive emotional state’ [e.g., Botreau et al. (42)]. Also outside such larger protocols, and following some concern for QBA being at risk for subjectivity due to the reliance on human observers (43), it is generally recommended not to use Fl QBA as a stand-alone indicator for welfare assessment but to combine and cross-validate it with other indicators, as for example Andreasen et al. (23) could not validate QBA as stand-alone indicator for welfare assessment.

Despite this focus on general welfare assessment, the FL QBA has by now been used for a variety of aims. In fact, the second-most common use was its application in specific contexts, mainly to assess emotional reactions to certain events, such as intrusive sampling and capture of, e.g., salmon (44) and pampas deer (45), calf-roping events during rodeo (46), agonistic social encounters in pigs (47), dogs’ interaction with humans during canine-assisted interventions (48) and sport events (28, 49). In these studies, FL QBA was mainly applied to investigate potential impacts of such events on animals’ emotional states and how this might affect their welfare. Further aims included temperament assessment. In general, the various aims showcase a broad and flexible usage of the method within the context of assessment of emotional state as also suggested by Boissy et al. (1). Therein, it should specifically be noted that in comparison to other methods of assessment of emotional state, QBA takes the whole-body language into account (4) instead of relying on separately measuring specific mimics, gestures or body postures [e.g., ear position, play and all grooming in cattle (2)].



4.2 Origin of QBA lists

Because the descriptors that constituted the lists developed for WQ and AWIN were not necessarily appropriate or optimal for other types of situation and contexts, alternative lists were developed for other purposes such as the study of sick animals (25), human-animal relationship tests (37, 50), mother-young interactions (51) and sport competitions (in contrast to the evaluation in the normal husbandry environment) (28). Moreover, it should be noted that translation and cultural interpretation issues might arise concerning the descriptors which might make development of lists for use in specific geographical regions necessary as highlighted by Souza et al. (12). These different circumstances, as well as different aims other than welfare assessment, justify the use of different lists. There was however, some variation in how the FL were developed. However, not all these lists were developed as originally described by a first step of FCP, and the creation of a validated FL as well as the process of FL development or justification of selection of terms used was not always clearly described [e.g., Carroll et al. (52), Kaurivi et al. (27), and Harvey et al. (53)]. It should be noted that many of these studies detailing on development and validation of FL specifically pointed out that the terms included should cover many different affective states and the reduction of terms without any further validation is thus not recommended [e.g., Arena et al. (54, 55) and Souza et al. (12)]. Therewith, there is in principle also a minimum number of terms that should be used in QBA. This study presents an overview of all FL that have been used to date, however, as pointed out, the level of validation of these lists varies.



4.3 Experimental procedure of use of QBA

Most of the studies used a VAS of 125 mm in length. In the first mention in Wemelsfelder et al. (4) of a VAS in the context with QBA, a length of 12.5 cm was described. Since then, and especially in the first developments of FL QBA for welfare assessment protocols (9–11), this length was most commonly used. The authors of this study are not aware of any justification for using 12.5 cm in QBA to have been reported in literature. In human medicine, the most common length of used VAS is 10 cm (56), which also is the second most common VAS length identified in the present literature review. In a controlled trial on patients’ VAS preferences, Sriwatanakul et al. (239) found 10 cm to be the length of the most preferred type of VAS. Another study by Seymour et al. (58) on specifically comparing different VAS lengths, reported a 10 cm continuous scale as the most appropriate, and in general, that lengths from 10 to 15 cm were suitable. Consequently, it is not clear whether 100 mm and 125 mm differ in suitability. The authors of the present study are not aware of any studies that investigate potential effects of VAS length on QBA outcomes. Such knowledge might be beneficial in order to unify the QBA methodology and for comparability across QBA studies.

In addition to the differences in VAS lengths, a few alternative measurement techniques used for QBA were identified: for example, Gartland et al. (33) rated various gorilla expressions and activity patterns on qualitative descriptors such as anxiety, curiosity, irritability, cooperation and dominance, using a categorical 1–5 scale (ranging from ‘very low’ to ‘very high’). Moreover, in some articles, the method referred to as ‘continuous QBA’ (c-QBA) was introduced. C-QBA works with individual descriptors and is based on temporal dominance of sensations (TDS) procedure, which allow raters to detect behavioural fluctuations during sessions, as opposed to the classical approach of QBA where the sum of behavioural expression is considered and rated after a session. C-QBA hence provides information on variation over time in discrete emotions, i.e., shifts in behavioural expressivity over time can be captured. C-QBA was developed for goats (35) and buffaloes (34, 36). These approaches use the same type of qualitative descriptors as QBA, based on whole-animal expressive demeanour, and so require the same type of observational assessment and therefore were included in this review. However, in contrast to the original QBA, the format in which such assessments are subsequently processed and analysed differs.

Large variation was identified in the experimental setups across studies, which is not surprising given the general variation of the purpose and context of the studies. Hence, some studies observed groups of animals while others focused on individuals. Moreover, the size of the group under observation varied largely and was not always clearly reported on. This depends naturally on the species being studied and feasibility in the settings (i.e., groups are more likely to be observed in production animals, explainable by the husbandry environment on farm). However, at this stage, it remains unclear as to what effect individual vs. group-level observations has on FL QBA outcomes. To the authors’ knowledge, this has not yet been investigated. Likewise, in the majority of the studies, direct observations, rather than video-based observations, were used. It is plausible that video observations may yield more accurate results and improved observer focus, since there may be less external disturbances (59–61). On the other hand, assessors may be less involved, meaning that their actual ability to integrate perceived details of behaviours and context and transfer that into descriptors may be limited due to not all information being transferred and the observers are also less able to react to, e.g., sudden changes on-site (which they might not even be aware of) (62–64). The question such arises on whether observers should be informed about the context or background or not when using video observations. A general disadvantage of video observation is moreover the additional costs and time involved (64) that should be taken into account with regard to feasibility of the assessment. Cooke et al. (65) investigated the difference between direct and video observations of beef cattle, and found no difference between the methods for PC1, whereas the response was less pronounced for PC2 for the video observations. Consequently, the authors of the study did not recommend using video observations for QBA. In contrast, Czycholl et al. (62) found good reliability for QBA when based on video observations, but not for on-farm assessments. A possible explanation for the difference in results is that in the study by Cooke et al. (65), the observers were in both cases looking at the same animals, whereas in Czycholl et al. (62), the live observations were carried out in the same section of the farms, however not necessarily on the same animals.

The results of this review further show a large variability in the level of observer training and experience. Tuyttens et al. (66) focused their study on observer bias and effects of observer training and proved an influence on both quantitative and qualitative methods (specifically also the QBA). Likewise, in a QBA-like study Meyer et al. (67) suggested that there were possible interactions between observer experience with dogs, and interpretation of dog behaviour (amongst others). Furthermore, Gronqvist et al. (68) highlighted the importance of experience with a species to correctly interpret potentially dangerous situations and Broom and Johnson (69) emphasised that knowledge about the behaviour of a species is important to avoid misinterpretations. Likewise, in the initial introduction of FL QBAs for welfare assessment for cattle, pigs and poultry alike, it was mentioned that for use of FL QBA, observers need to be trained and experienced (9–11). Accordingly, the most common welfare assessment protocols all highlight the need for a sufficient training level of observers before using welfare assessment protocols (of which QBA is part of). On the contrary, the first introductory publication on FCP QBA worked with observers naive to the species, relying on the general ability of humans to assess the qualitative body language signals (5). Although in principle, QBA methodology thus can work with naive observers, overall, like in quantitative behavioural observations, species experience and training of observers can improve the reliability. Guidelines regarding training level and requirements of species experience when using FL QBA could be helpful with regard to a unification of the literature and thus an enhanced comparability and therewith enable the possibility of drawing better conclusions about the reliability and validity of the methodology and potential influence on results by specific settings.



4.4 Reported statistical analysis

Three main statistical approaches for retrieving FL QBA outcomes were identified: (1) utilising mm values on term level, (2) subjecting the QBA scores to a PCA and (3) aggregation following the WQ approach, based on expert opinion and pre-existing data. The latter was usually applied when the FL QBA was used as part of an existing WQ protocol. It should be noted that in the very first publications on QBA (which are carried out as FCP), statistical analysis was carried out by Generalised Procrustis Analysis (GPA) prior to PCA (4, 5). In the first publications concerning the development of a FL approach in the bounds of the WQ project, results were analysed on term level as well as by PCA (9–11). However, the respective authors argued that a PCA may be the most suitable approach to analysing QBA. Identifying principal components (PCs) on which the terms have a certain loading may help in a more valid interpretation with regard to, e.g., observer agreement. Thus, although the analysis based on term level was presented in those studies (9–11), the authors argued that conducting a PCA would provide more reliable results. This would mean that the analysis based on term level, which occurred in 20 studies cannot be seen as the most appropriate analysis.

Regarding PCA, it should be noted that the data needs to meet certain prerequisites such as certain sample size requirements and interval-level measurement for this statistical method to be applied. In textbooks, it is described that each PC should at least have an eigenvalue of >1 (Kaiser-Guttman criterion), a clear break in eigenvalues is seen between the PCs (scree-test) and a certain amount of variance of the data set is actually explained by the extracted PCs. Additionally, there is the interpretability criterion with regard to variables loading highly on the extracted PCs (70, 71). A further useful parameter to assess the data suitability is the Kaiser-Meyer-Olkin criterion, which was actually invented for factor analysis (72, 73). Looking at the results of this review, it becomes clear that only 15 of 93 studies using PCA as analysis actually tested their data for data suitability criteria beforehand. In textbooks regarding the PCA, factor loadings to be interpreted as meaningful are named as >0.4 (70) or even higher (>0.6–0.7) (74, 75). Looking at the results of this review, 19 of the studies using PCA interpreting factor loadings used cut-off values of >0.4 and three studies used cut-off values of >0.6. It is probably a matter of study aims whether the use of clear cut-off values of factor loadings or the pattern of loadings showing which descriptors contribute most to the identified PCs (70) is most suitable and how informative relatively low-value loadings then are. That said, the use of term-loadings close to zero for interpreting a PC should always be treated with caution. However, using clear cut-off values might be impossible, as, depending on the exact model used (and different statistic programmes use different models by default), exact values may differ. This is further complicated by the fact that some authors [and in some cases it may be justifiable (70)] also use a factor analysis, but interpret it as a PCA. Another noteworthy result of the present literature review is that most of the studies that conducted a PCA extracted two PCs and interpreted those further without explicit reference to the use of general rules for extraction such as scree plot or Guttman criterion (70). This may be due to the fact that studies started adapting their methodology to that of other studies without adjusting it to their own data, which is a known risk and phenomenon in science (76). Not meeting the prerequisites of data for statistical data analysis, incorrect extraction or over interpretation of relatively low values includes quite clearly the risk of misinterpretations (70). This all being said, PCA is in general a relative flexible method and over the years has been adapted to a variety of disciplines (77), so it seems well-suited also for analysis of QBA. However, the findings described highlight the need for more advice on how to correctly use and interpret multi-variate statistical techniques such as PCA for the analysis of QBA data.

The third way of statistical analysis found is via the aggregation system suggested and published by WQ (in the case of FL QBA being a part of a larger welfare assessment protocol). This aggregation system has the general aim of aggregating all the different welfare indicators (of which the FL QBA is only one) into one final welfare score of 0–100 (78). While in total, many different methods for aggregation are used, for the FL QBA, basically weighted sums are used which were obtained by expert opinion and PCA on—by nature of the studies—limited data sets that had conducted FL QBAs (9–11, 42). Those data sets were also limited to certain regions [e.g., 17 farms in Germany, three assessors: (9)], the results obtained from the PCAs on these limited data sets may not be generalizable. It is a well-known fact that small study populations easily lead to over- and under-estimations (79). A solution to overcome this in the future, due to the points raised above, would be a revision of the existing aggregation system, e.g., by joint use of the now available larger data sets of, e.g., WQ data from different working groups and countries, which also aligns with the general aim of many welfare assessment protocols (e.g., WQ) to enhance and revise the existing protocol as new knowledge arises (80).



4.5 Quality of the literature search

The high interobserver reliability between the extractors, along with the fact that only studies after 2011 were extracted [whereby the first developments of FL QBA are described in the Welfare Quality Reports in 2009 (9–11)] and that the last search without species specific terms did not result in any further articles, demonstrates the quality of this literature review.




5 Conclusion

In conclusion, the FL QBA approach has been used across many species, primarily farm animals, but also companion animals and more recently also zoo animals. However, there was during this time no QBA developed for experimental animals. FL QBA has been used for a variety of aims, however mainly for evaluating emotional state and most often as part of welfare assessment, which is also what the FL QBA was originally developed for. Different aims and settings will call for specifically tailored FL in order to strengthen reliability and validity of QBA in those settings. However, if a FL must be standardised as part of larger welfare assessment protocols, then it is advisable to clarify the context in which that list of terms can be used. A number of methodological aspects of FL QBA vary in the identified studies, ranging from using different lengths of VAS, to the evaluation of animals at group/individual level, time used for observation, training and experience level of observers and several other factors. Moreover, different statistical analyses are used, and it is identified that not always respective prerequisites for the use of those methods exist. These are aspects to consider when gathering knowledge of the current level of reliability and validity of QBA. Future studies should thus address the question whether or not there are certain conditions that must be met when applying QBA and what conditions these are, taking into account that studies have different aims and are applied in different settings, which may require a certain flexibility in using and interpreting QBA. This could answer the question whether clearer guidelines on the construction, use and statistical analysis of FL QBA are necessary and allow the potential development of such. This could then also include guidance on how and which results on FL QBA need be presented to encourage cross-study comparison.
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One alternative to early cow–calf separation is continuous foster cow-calf contact, where one cow nurses two to four calves without being milked. However, multiple sucklings may compromise teat and body condition and affect fertility. Therefore, the prevalence of dry teats, teat lesions, abnormal body condition scores (BCS >3.75 or <2.5), rapid BCS changes (>0.5 absolute range), calving intervals, and number of inseminations to conception were compared between 18 foster cows kept in two groups of 11–12 cows with 46–48 calves and 18 milked cows in a commercial Holstein-Friesian herd. Four scorings were conducted in approximately 4-week intervals from weeks 2 to 16 postpartum. The final scoring was performed during weaning in one foster group and after weaning in the other. Associations between foster cows’ BCS and teat lesions were further analyzed. Teat lesion prevalence was significantly higher in foster cows between weeks 10 and 14 postpartum, but not during or after weaning, indicating increasing calf independence from milk. Given that teat lesions may cause pain, increase infection risk, and reflect negative cow–calf interactions, they represent a welfare concern. No significant differences were found in teat dryness, overall body condition, or fertility outcomes. However, foster cows showed a trend toward overconditioning compared to milking cows (BCS > 3.75) from weeks 6 to 16, and foster cows with lesions had a numerically higher BCS compared to foster cows without teat lesions (medium effect size). These results suggest that large-scale studies are needed to investigate the causes of teat lesions, particularly in relation to individual cow acceptance of multiple suckling in foster systems.
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1 Introduction

Early cow–calf separation remains standard on dairy farms, yet it faces increasing societal criticism (1, 2). In response, there is growing interest among farmers in cow–calf contact (CCC) systems, in which calves are nursed by their dams for several weeks to months—often alongside regular milking (3–5). However, farmers report impaired milk ejection during the milking of dams with calf contact, which can be economically relevant (6, 7). Furthermore, building constraints may present technical or logistical challenges (6). Therefore, some farmers prefer to allow only some cows from their herd for calf contact, i.e., foster CCC (6, 8, 9). Foster cows typically have permanent contact with two to four calves in a dedicated area of the farm or on pasture. They are not milked during the nursing period. The cow’s own calf may be among those nursed. The other alien calves are called foster calves [reviewed by (10, 11)].

From an animal welfare perspective, older experimental studies have reported poorer teat skin condition in foster cows nursing two to four calves compared to cows that were only milked (12, 13). Rasmussen and Larsen (14) compared udder halves per cow that were suckled with udder halves that were milked. They found worse teat skin in the suckled udder halves, although the sample size of only four cows indicates that the results should be interpreted with caution. In contrast, a recent on-farm assessment in Switzerland found no differences in teat condition between cows with whole-day or twice-day contact with their own calves and those that were only milked (7). Possibly, disturbances during suckling can increase the risk of teat bites by calves. Franz-Wippermann et al. (15) observed in a foster CCC system that cows kicked during more suckling attempts by foster calves than of their own calves. The median number of 25 suckling bouts per 24 h was high for both foster and own calves, pointing to disturbances during suckling (15). A pilot study without a control group assessed twice as many teat lesions in foster cows at the end of the nursing period of 3.5 months postpartum (p.p.) compared to the start of lactation (16). Moreover, since foster cows’ teats are typically not dipped to prevent calves from ingesting the disinfectant (17), the absence of the moisturizing agent may lead to dry teat skin.

The number of calves per foster cow in relation to her milk yield and acceptance of suckling influences whether and how frequently the foster cow’s udder is emptied (17). In several studies, an effect of udder emptying frequency on cow’s body weight or BCS has been found: An increase in milk removal frequency from twice daily to more often through milking alone or in combination with suckling led to greater weight loss (18) or decreasing BCS in dairy cows (19–21). Milking once per day resulted in an increasing BCS compared to a decreasing BCS when milked twice or thrice (22). A low BCS reflects insufficient nutrient intake, which may lead to delayed first ovulation after calving and decreased pregnancy rates [reviewed by (23)]. In addition, prolonged postpartum anestrus (for more than 90 days) can be associated with an existing cow–calf bond (23). Although this phenomenon can be present in CCC [reviewed by (24)], Zipp and Knierim (25) found no differences in calving intervals between whole-day and half-day contact dams and cows in the non-nursing group. A reason may be a shorter calving-conception interval in dams [reviewed by (10)]. As CCC lasted only 9 weeks in the study of Zipp and Knierim (25), it remains unclear if foster CCC contact over a longer period might negatively impact fertility.

More recent investigations on foster cow systems are lacking. Therefore, the objective of the current study was to test the following hypotheses: (1) teat lesions and dry teat skin are more prevalent in foster cows than in cows that are milked; (2) the percentage of overconditioned cows (BCS > 3.75) is lower, and the percentage of underconditioned cows (BCS < 2.5) is higher in foster cows; additionally they experience more rapid changes in body condition (BCS range >0.5 over the study period); (3) as rejection of suckling attempts by calves may lead to biting as well as less milk removal, foster cows with teat lesions have a higher BCS than foster cows without teat lesions; (4) foster cows that nurse calves during more than 90 days after calving and are subsequently milked have a longer calving interval but require fewer inseminations to conception compared to cows milked without CCC.



2 Animals, materials, and methods


2.1 Farm housing and management

From June to September 2023, the study was conducted on an organic commercial farm in Germany. Calf rearing by foster cows was an established farm practice, and no management or housing conditions were changed during the study. The herd consisted of 1,400 Holstein Friesian dairy cows with a mean lactational milk yield of 8,861 kg per lactation. Dairy cows’ feeding consisted of a total mixed ration of corn- and grass-silage, concentrate, minerals, and, depending on lactational stage, straw or linseed- or soy-cake, as well as fresh grass on pasture from April to October for milking cows and fed at the feeding gate for foster cows that had no pasture access.


2.1.1 Foster cows

After calving, all cows and their offspring were housed in a deep litter pen with up to three other dams and their calves. Cows were milked twice daily with a pipeline milking system in the pen. The teats were not dipped. After 3–5 days p.p., one foster cow was chosen for three or four calves. Selection criteria were good health, four lactating teats, preferably multiparity, and tolerant behavior towards calves. Mothers of twins were preferred. After the other two or three cows in the calving pen were transferred to the milking herd, the foster cow and her three to four calves were housed for 2 weeks in a 123-m2 deep-litter pen, shared with up to two additional foster cows and their calves (small foster group). Subsequently, the cows and calves were moved to a large 477 m2 pen featuring a deep-bedded resting area and an unroofed slatted-floor walking and feeding zone. They were housed in two large foster groups: group 1 (11 cows, 42 calves; 3.8 calves per cow) and group 2 (12 cows, 46 calves; 3.9 calves per cow). Cows in group 1 calved approximately 2 weeks earlier than those in group 2. There was a calf creep, where cows could not enter. Calves were daily locked 2–4 h in the calf creep. Every 2 weeks, the animals were moved as a group to another similar pen in the same building. Gradual weaning included the restriction of full CCC to 3 h twice daily during the 13th to 15th week p.p. During the rest of the day, visual and olfactory contact was possible through fence-line separation. Additionally, for 1 h twice daily, older calves from the earlier foster group—whose foster cows had already been removed—were given access to the foster cows. Starting at the end of the 15th week p.p., foster cows were separated from the calves and transferred to the milking herd. They were milked twice daily until the end of lactation (see Figure 1 for an overview of the management of CCC). During daily health checks, foster cows were restrained in the feeding rack and rewarded with small amounts of concentrate.

[image: Flowchart detailing the housing stages of cow-calf contact groups post-partum, including calving pen, small and large foster pens, reduced contact phase, and final transition to the milking herd, with scoring time points marked for two groups at different weeks and specific numbers of cows and calves listed for each stage.]

FIGURE 1
 Management of foster cow–calf contact and times of scoring of foster group 1 (dark blue, n = 11 cows and 42 calves) and foster group 2 (light blue, n = 12 cows and 46 calves) concerning teat condition and body condition (source: Zipp); wks, weeks p.p. (postpartum) when cows were scored.




2.1.2 Milking cows

Milking cows were separated from their calves 3–5 days p.p. and housed in one of the 16 groups of up to 100 cows in a 1,424-m2 barn with deep-bedded cubicles and a solid walking area with automatic scrapers. They were milked twice daily in a side-by-side milking carousel with 66 places (Dairymaster GmbH, Seehausen, DE, MK66, vacuum 48 kPa, common-mode, 68 to 32 pulse cycle). Teats were cleaned automatically with a brush and water. Pre-milking and attachment of milking clusters were performed manually. At a threshold of 200 g/min milk flow, milking clusters were removed automatically. Teats were sprayed automatically after milking with a disinfecting and skin care fluid (Lerapur® Dip MS SP with chlorhexidine and lactic acid, Stockmeier Chemie, Bielefeld, DE). Milking clusters were disinfected after each cow.




2.2 Study design and data recording


2.2.1 Selection of study animals

For each of the 23 enrolled foster cows—matched by lactation number and day of calving—a comparable milking cow was selected for the control treatment. The enrolled cows calved between 28 April 2023 and 27 May 2023. Due to unforeseen events, the sample size was reduced to 18 pairs: 2 control cows were slaughtered, 2 foster cows were treated for mastitis and therefore excluded from the study, and 1 foster cow was excluded due to excessive missing data. The mean lactation number for both treatments was 2.7 (±SD 1.5 mean, 1–6 min-max).



2.2.2 Data recording

Teat and body condition were assessed by one trained rater. Inter-rater reliability was evaluated in comparison with the trainer and was found to be good to very good (teat condition: PABAK > 0.90; body condition score: r = 0.96; n = 34). Teat and body condition were assessed four times. As the cows on the two treatments were scored in their normal housing condition (i.e., milking or foster group), the rater was not blind to the treatment. At the first scoring, cows of the foster group 2 and the paired milking cows were in the 2nd to 3rd week p.p., while cows of foster group 1 and the paired milking cows were in the 3rd to 4th week p.p. There was approximately 1 month between the four scorings (Figure 1). During the first three scorings, all foster cows were in a large foster pen with 20–22 h of calf contact per day. During the fourth scoring, the nine foster cows in group 2 were in the weaning period, with restricted contact to their own 46 foster calves and the 42 foster calves of the earlier foster group. In contrast, the eight foster cows in group 1 (one missing value) had already been separated from their calves 5 days before and had joined the milking herd, where they were milked twice daily (Figure 1). Sample sizes occasionally decreased to 17 or 16 when study cows could not be located in the herd. However, each animal was rated at least three times.

Dryness of teat skin and teat lesions were scored on a 3-point scale according to Elite Magazin (26). Dryness of teat skin was distinguished in (0) smooth skin, (1) slightly dry or rough, and (2) severely dry or rough, skin that is flaking and peeling off. Teat lesions were classified as (0) no lesions, (1) small cracks and lesions, particularly visible at the base of the teat, and (2) significant cracks (horizontally) and evident lesions in the teat.

Body condition score was assessed on a scale from <2 to 4.75 with 0.25 increments [(27, 28); assessment chart by (29)].

The calving interval (days between the calvings in 2023 and 2024) and the number of inseminations to conception were retrieved from farm recordings.



2.2.3 Data processing and statistics

Due to the low frequency of severe teat condition changes, data were dichotomized into 0 = no changes vs. 1 = slight/small or severe/significant changes.

Possible differences in teat lesions and dryness of the teat skin between foster and milked cows were examined using a chi-squared test in R [RStudio 2025.05.0+496, (30)] during each of the four scorings.

The number of overconditioned cows (BCS > 3.75) and the number of underconditioned cows (BCS < 2.5) or cows with rapid BCS changes were also compared between treatments using the chi-squared tests. In the first scoring (2nd to 4th week p.p.), it was checked whether treatments had similar starting points. Across the 2nd to 4th scoring, cows were classified as either overconditioned or underconditioned if they fell into either category at least once. Similarly, rapid body condition changes were rated if cows’ absolute BCS range exceeded 0.5 between the 1st and 4th scoring.

The Mann–Whitney U-test [package “coin,” (31)] was used to examine the possible association between teat lesions in foster cows (present at least once during the second and third scorings: yes/no) and their medium BCS during the two scorings. The test was also used to compare calving intervals and numbers of inseminations to conception between foster and milked cows.

The median and median absolute deviation (MAD), as well as the minimum and maximum are given if the Mann–Whitney U-tests were used. All tests were two-sided, with a p-value of <0.1 interpreted as a tendency and a p-value of <0.05 interpreted as a significant difference.

For chi-squared tests, Cohen’s ω was calculated as a parameter of effect size with the package “rcompanion” (32). According to Cohen (33), the effect size is interpreted in the following way: r = 0.50–1.00 strong effect, r = 0.30–0.49 medium effect, r = 0.10–0.29 weak effect, r = 0.00–0.09, no effect. For the Mann–Whitney U-test, the effect size was calculated according to the equation:
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The effect size r can be interpreted in the same way as Cohen’s ω (33).

Figures were produced in Microsoft® Excel® (2019 MSO).





3 Results

The proportion of cows with teat lesions did not differ at the first and fourth scoring between foster and milked cows (Figure 2A, Chi2 < 0.01, p > 0.1, Cohen’s ω < 0.17). During the second scoring (6th to 8th week p.p.), numerically more foster cows had teat lesions with a medium effect (Figure 2A, Chi2 = 2.58, p = 0.1082, Cohen’s ω = 0.34). At the third scoring (10th to 12th week p.p.), this difference was more prominent and significant (Figure 2A, Chi2 = 4.02, p = 0.04502, Cohen’s ω = 0.40).

[image: Three-panel figure. Panel A: Clustered bar chart shows percentage of cows with teat lesions across four scoring periods for foster cows (n equals 18 or 17, split between Foster group 1, dark blue, and Foster group 2, light blue) and milked cows (n equals 17, 18, or 16, red). Foster cows generally have higher incidences of teat lesions, peaking at Scoring 3, with a significant difference marked by an asterisk. Panel B: Bar chart displays percentage of cows with body condition score above 3.75, higher in foster cows (blue shades for two groups) compared to milked cows (red). Panel C: Boxplot compares body condition score for foster cows with and without teat lesions, showing similar medians and spread.]

FIGURE 2
 (A) Proportion of foster and milked cows with teat lesions during four scorings in the 2nd to 4th week, 6th to 8th week, 10th to 12th week, and 14th to 16th week p.p., star: p < 0.05. (B) Proportion of cows with body condition score (BCS) > 3.75 in at least one of the three scorings at the 6th to 8th week, 10th to 12th week, and 14th to 16th week p.p. (C) Median BCS of 2nd and 3rd scoring of foster cows with teat lesions during at least one of the scorings (n = 8) or without teat lesions during both scorings (n = 10). Foster cows were housed in two groups with 11–12 cows and their own plus two to three foster calves per cow (n = 9 study cows per group). Milked cows were milked twice daily and were housed in a herd of up to 100 dairy cows (n = 18 study cows).


Dryness of teat skin did not differ in any scoring between the two treatments (Table 1; results for individual scorings: Supplementary material S1).


TABLE 1 Proportion of foster and milked cows with dry teat skin (range of results on scoring 1–4), and proportion of foster and milked cows that were overconditioned (BCS > 3.75 at scoring 1; scoring 2–4: see Figure 2B), underconditioned (BCS < 2.5), and had rapid BCS changes (absolute range >0.5); scoring 1: 2nd to 4th week p.p., scoring 2: 6th to 8th week p.p., scoring 3: 10th to 12th week p.p., scoring 4: 14th to 16th week p.p.


	Parameter
	Treatment
	
n

	Percentage of cows
	Chi2
	
p

	Cohen’s ω

 

 	Dry teat skin range from scorings 1 to 4 	Foster cows 	17–18 	0.0%–29.4% 	0.00–0.58 	>0.1 	0.08–0.24


 	Milked cows 	16–18 	12.5%–16.7%


 	BCS > 3.75 at scoring 1 	Foster cows 	17 	17.6% 	0.00 	>0.1 	0.00


 	Milked cows 	18 	16.7%


 	BCS < 2.5 at scoring 1 	Foster cows 	17 	0.0% 	0.00 	>0.1 	0.17


 	Milked cows 	18 	5.5%


 	BCS < 2.5 at any scoring from 2 to 4 	Foster cows 	18 	0.0% 	0.53 	>0.1 	0.24


 	Milked cows 	18 	11.1%


 	BCS range > absolute 0.5 between scorings 2 and 3 or 3 and 4 	Foster cows 	18 	11.1% 	0.00 	>0.1 	0.08


 	Milked cows 	18 	16.7%




 

At the first scoring, the number of overconditioned or underconditioned foster and milking cows did not differ (Table 1). More foster cows tended to be overconditioned at least once at the second to fourth scoring compared to milked cows (Figure 2B, Chi2 = 3.28, p = 0.09209, medium effect: Cohen’s ω = 0.35). The other BCS parameters did not differ between treatments (Table 1).

With a medium effect size, foster cows with teat lesions had a numerically higher median BCS compared to foster cows without teat lesions during the second and third scoring, but this difference was not statistically significant (Figure 2C, Z = −1.27, p = 0.2025, r = 0.30).

Calving interval and number of inseminations for conception did not differ between treatments (Table 2).


TABLE 2 Calving interval and number of inseminations to conception of foster cows nursing their own and 2–3 foster calves for 3.5 months p.p. and being milked until the end of lactation, and cows being milked only twice daily.


	Parameter
	Treatment
	
n

	Median
	MAD
	Min
	Max
	
Z

	
p

	
r


 

 	Calving interval (days) 	Foster cows 	13 	412 	13 	386 	626 	0.63 	0.5315 	0.13


 	Milked cows 	12 	421 	41 	319 	547


 	Number of inseminations 	Foster cows 	13 	1 	0 	1 	5 	−1.09 	0.2737 	0.22


 	Milked cows 	12 	2 	1 	1 	6




 



4 Discussion

This study evaluated welfare risks in high-yielding foster cows nursing 3–4 calves—both their own and foster—for approximately 3.5 months before returning to the milking herd. We compared their teat and body condition, as well as fertility, with those of milked-only cows.

Key findings showed a significantly higher prevalence of teat lesions in foster cows between the 10th and 12th weeks of nursing, although lesions were predominantly small and decreased until the final scoring. Foster cows also showed a trend toward overconditioning. No significant differences were found in body condition, fertility measures, or teat dryness. However, the results suggest that there may be aversive dynamics involved in foster cow–calf interactions.

Even though teat lesions were primarily small and had healed in the eight cows that had been separated from their calves 5 days earlier, they still represent a welfare concern. Teat lesions are potentially painful and increase the risk of infection (34). The finding of an increased risk of teat lesions in foster cows is in line with other studies (13, 14, 35). Since foster group size and composition remained constant over the first three scorings, the increase in teat lesions from the 2nd to 4th week to the 10th to 12th week of lactation is likely due to behavioral changes. Calves may have suckled more vigorously or increased allosuckling from specific cows that were more calf-tolerant. This may have led to competition between calves. In fact, on the same farm, Wieczorreck and Hillmann (36) observed that, with increasing age, foster calves increasingly performed allosuckling. Conversely, reduced suckling tolerance of cows may have led to increased biting behavior in calves, as we found a trend associating teat lesions with higher BCS (medium effect).

If aversive interactions occur between foster cows and calves, this raises welfare concerns. One underlying issue may be the lack of cow–calf bonding in foster systems. Grouping foster cows with their foster calves as soon as possible after their parturition may enhance calf acceptance (37, 38). In the meantime, the farm has indeed reduced the delay between birth and grouping from 3 to 5 days to 24 h. Improved calf acceptance can also be achieved by odor transfer from the own cow to the foster calf using cloth jackets. This method has been demonstrated to be effective in beef suckler systems (39), but feasibility may be low. Further studies should investigate the effects of such strategies on cow–calf acceptance in foster systems.

In the group of foster cows that still suckled the highest number of calves (a total of 88 calves for 12 cows), teat lesion prevalence also declined. This suggests increased calf independence from milk, although under semi-natural conditions, calves are typically weaned by the dam only at an age of 6–10 months (40). Earlier calf independence is also reflected in findings from the current farm (41), as calf weight gain did not decline during the weaning process at approximately 15 weeks of age. Similarly, Ivemeyer et al. (42) observed reduced milk intake of calves with 11-15 weeks of age during gradual weaning with foster cow contact in a mixed dam–foster CCC system with twice-daily contact, suggesting increased ingestion of solid feed.

In cases where teat lesions are due to calf hunger, Barth et al. (17) recommended reducing the number of calves per cow. However, this may increase BCS, as foster cows may produce more milk than the calves would ingest. Given the observed tendency toward overconditioning in foster cows, this strategy may lead to even more overconditioned cows, with an increased risk of associated health impairments (43). Moreover, a further unintended consequence could be a reduction of machine-milk yield after separation, as lower udder emptying frequency during early lactation diminishes milk synthesis and influences the entire lactation curve [reviewed by (44)]. A decreasing effect on lactational milk yield has been observed in some dam-rearing studies, particularly with whole-day contact [(e.g., 21, 25, 45, 46)].

The results did not confirm our hypothesis that foster cows in general are more underconditioned (BCS < 2.5) or have more rapid BCS changes. Furthermore, Thomas et al. (13) did not find an effect of multiple suckling vs. twice daily milking on BCS, but other studies found a decreasing BCS with increasing frequency of milk removal (19–21). Although foster cows in the current study showed a trend toward a higher BCS, overconditioning occurred in both treatments, as well as rapid changes in body condition. This should be avoided for health reasons (29). Underconditioning occurred in some milked cows. Therefore, the farm should adjust feeding more closely to body condition and lactation stage.

Even though foster cows had CCC for 3.5 months and cow–calf bonding can lead to delayed estrus [reviewed by (23)], calving interval did not differ between treatments, which confirms the findings of Zipp and Knierim (25) on another farm with dam CC for 9 weeks. The number of inseminations also did not differ between treatments. However, it should be considered that the median calving interval for both treatments was relatively long, with more than 400 days, and foster cows were only inseminated after separation from the calves.

As a limitation of the study, blinding the rater was not possible, which carries the risk of expectation bias. At least during the last scoring, the results were against our expectations. However, for future studies, blinding of the rater would be advisable. Furthermore, it should be considered that some housing and management conditions, which may have influenced the outcomes, were not balanced between treatments, e.g., cubicle housing plus pasture access vs. deep litter plus unroofed area, and grazing vs. feeding fresh grass. Wieczorreck et al. (47) observed on the same farm lower lying durations of milking vs. foster cows, possibly due to pasture access and the milking procedure, which may all have affected the body condition. Cows with clinical mastitis were not included in the study. However, considering farm-specific problems with Pasteurella spp. in the foster group [see (16)], further investigations of associations between teat lesions and udder health would be worthwhile. In general, it must be considered that CCC systems are very heterogenous, which limits the generalizability of the conclusions from this study.

In conclusion, while foster cow–calf systems offer a more natural rearing approach, we found a higher risk of teat lesions. Teat lesions, however, did not increase during and after the weaning period. Teat lesions are likely not only painful and may promote infections but may also partly indicate aversive relationships between foster cows and calves. This is altogether a welfare concern. No significant effects on the dryness of teat skin, body condition, or fertility outcomes were detected. However, a trend toward more overconditioned cows and, particularly, a numerically higher BCS in foster cows with teat lesions (medium effect size) suggests the need for larger-scale studies to investigate the underlying causes of teat lesions in relation to foster cows’ tolerance of suckling.
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Official inspectors (n = 100) Private auditors (n = 21)

Never Sometimes Often Never Sometimes O p-value
I have been afraid 12% 8% 5% 7% 20% 0% p <0001
during an
inspection
Ihave been 15% 82% 3% 7% 29% 0% <0001

exposed to threats

Thave been 79% 21% 0% 100% 0% 0% Pp=0023*
exposed o

physical violence

My competence 3% 77% 20% 33% 67% 0% Pp<0.001%
has been

questioned during

an inspection

Ihave received 25% 65% 10% 81% 19% 0% p <0001
disparaging

comments

regarding my age

or gender

T have seen severe 1% 63% 36% 19% 81% 0% P <0.001*

animal suffering

Thave seen people 0% 58% 42% 5% 95% 0% P <0.001%
(i.e., animal
Keepers)in very
difficult situations
The respondents graded their statements on a five-grade scale from “never” to “very often.” which is aggregated and categorized as follows in the table: “never” (never), “sometimes” (sometimes

+ quite often), and “often” (often + very often). The table also shows whether there was a significant difference (p-value < 0,05, *) or not between the two groups of respondents for each
statement.





OPS/images/fvets-11-1504116/fvets-11-1504116-g002.jpg
on

Abnormal behaviour ratio (%)
o

F-forage F-movement
3 *AK
*%
g
=5
2o
8
5
-}
H
g
s
a1 4
E° I
® 5
. 2
2 |
r—;—\ <
o l—g8 [ = | \
unlimited limited pasture or mainly in box
paddock>box box exclusively
F-social
*
-+
.
g
=2
Lo
s
5
2
3
s .
24 o
T
E
s
5 " L
<
0 L
tactile possibility to visual

interaction sniff interaction






OPS/images/fvets-12-1589462/crossmark.jpg
©

2

i

|





OPS/images/fvets-11-1504116/crossmark.jpg
©

2

i

|





OPS/images/fvets-12-1589462/fvets-12-1589462-g001.jpg
Aquatic invertebrates.
Boef cattle & veal calves:

Number of papers.

vageteniesiearer

averggs Hndicatorsiepeer

+ number






OPS/images/fvets-11-1504116/fvets-11-1504116-e001.jpg
Body condition score =(ribs scorex0.6)
+(back of the shoulder's scorex0.15)
+(withers' scorex0.10) + (neck's scorex0.15)

+(tail attachment's score 0.05) + (croup's scorex0.005)





OPS/images/fvets-12-1589462/fvets-12-1589462-g002.jpg
S— = I B o
Brlers o IR
Dainy catves = 1 IR (o oo
Doy catio 3 I = D oc ocno
. s e
Fion ™ I n\\ e
Goeso NN o G ¢ o B Enconon
Goats. > [ o I oo o | oo
Horses | - I o vocou N e |
o —— = I > -
P S [ = N oo
Rannis = | = B - oo
o — ] = B < oo
s — - — B
o w w w w 0

—+ percentage of unique indicators per domain





OPS/images/fvets-11-1504116/fvets-11-1504116-t003.jpg
Variables Rho value Rho value

Behavioural measure Abnormal behaviour ratio -056 <0.001 0.07 065

Behavioural measure Backward ears ratio while ~046 0.0044 052 <0.001
foraging

Behavioural measure Watching behaviour ratio 027 0.085 0.42 0.006

Physical measure Alopecia score —0.48 <0.001 034 0.02

Bold values indicate those with a p-value < 0.5.
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Private
auditors
(n=22)

Mostimportant traits (>50%)

The inspector:
- can justify and explain any non-
compliance sothat the animal keeper
understandswhyitisimportanttotake
action (63%)

- behaves professionally (51%)

The auditor:
- isknowledgeable about the type of
‘animal husbandry inspected (77%)

- isknowledgeable about the animal
‘welfare regulation (59%)

important traits (10-50%)

Theinspector:
- isknowledgeable aboutthetype of
animal husbandry inspected (39%)

- isknowledgeable aboutthe animal
welfare legislation (33%)

- strivestomake uniformassessments
(32%)

- isknowledgeable aboutthe processing
of cases (14%)

- isgoodat listening (13%)

- showsaninterestinthe inspected
person’sanimalsand business (13%)

The auditor
- can justifyand explainanynon-
compliancesothat the animal keeper
understands why itisimportant totake
action (45%)

- behaves professionally (36%)

- showsaninterestinthe inspected
person'sanimals and business (18%)

- isknowledgeable about animalwelfare
(18%)

- showsunderstandingthat minor non-
compliance can occur inanyone (14%)

Least important traits (<10%)

Theinspector:
- isknowledgeable about animalwelfare
(8%)

- behavespolitely (7%)

- showsunderstanding that animal
keepers can be undertime and financial
pressure (4%)

- showsunderstanding that minor non-
compliance can occur inanyone (2%)

- isconfidentin their assessments (0%)

- issmooth and can make flexible
assessmentsaslongastheanimalsare
well (0%)

Theauditor:

- strivestomake uniform assessments
(9%)

- behaves politely (5%)

- isgood at listening (5%)

- shows understanding that animal
keepers can be under time and financial
pressure (0%)

- isknowledgeable about the processing
of cases (0%)

- isconfidentintheirassessments (0%)
- issmooth and can make flexible
assessmentsaslongas the animals are
well (0%)
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F-forage Behavioural measures Physical measure

Abnormal behaviour Backward ears ratio Watching behaviour Alopecia score
ratio while foraging ratio
Limited forage 0(1Q1:0,1Q3: 4] 0[1Q1:0,1Q3: 5" 125 (1Q1: 7.47, 1Q3:21.21)* 6(1Q1:4,1Q3: 13.5]
Unlimited forage 0[1Q1:0,1Q3: 3.75) 0(1Q1:0,1Q3:5] 125 [1Q1: 7.62,1Q3: 2056 6(1Q1:4,1Q3: 13.5]
F-movement Behavioural measures Physical measure
Abnormal behaviour Backward ears ratio  Watching behaviour Alopecia score
ratio while foraging ratio
Pasture or paddock > box 0[1Q1:0,1Q3: 3.75]" 0[1Q1:0,1Q3: 5] 12,5 (1Q1: 7.62,1Q3: 20.6] 6[1Q1:4,1Q3: 135"
Mainly in box 0[1Q1:0,1Q3: 3.88]° 001Q1:0,1Q3: 5 1218 (1Q1:7.54,1Q3: 19.62]" 501Q1:4,1Q3: 13"
Box exclusively 0[1Q1:0,1Q3: 4.06] 0[1Q1:0,1Q3:5] 12,82 (1Q1:7.15,1Q3: 21.24] 7[1Q1: 4,1Q3: 14]
F-social Behavioural measures Physical measure
Abnormal behaviour Backward ears ratio Watching behaviour Alopecia score
ratio while foraging ratio
Visual interaction 0[1Q1:0,1Q3: 4] 0[1Q1:0,1Q3: 5] 125 [1Q1: 7.47,1Q3: 20] 15 [1Q1:3.75,1Q3: 13.25]
Possibility to sniff 0[1Q1:0,1Q3: 4] 0[1Q1:0,1Q3: 5] 125 (1Q1:7.47,1Q3: 21.21] 6(1Q1:4,1Q3: 13.5]
Tactile interaction 0[1Q1:0,1Q3: 3.88] 0[1Q1:0,1Q3: 5] 12,5 [1Q1: 7.47,1Q3: 21.21) 5(1Q1:4,1Q3: 135

For the F-forage part: Mann-Whitney test, median [Interquartile 1, Inerquartie 3] If followed by the upper case *a” (e.g, median (1Q1, IQ3]"), it indicates a significant difference with horses
with unlimited access o forage. For the F-movement and the F-social parts: Kruskal-Walis rank-sum tests, median (Interquartle 1, Interquartile 3. If followed by the upper case °b” (e.g.
median (IQ1, 1Q3]"), it indicates a significant difference with horses iving in box exclusively: I followed by the upper case °c”(e.g. median (IQ1, 1Q3]%), it indicates a significant difference with
horses that have the opportunity to fully interact with other horses.
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Official Private

inspectors % auditors %
(n) (@]
Gender Female 84(91) 73(16)
Male 14(15) 27(6)
Other/ Do 2
not want to
tell
Age (years) <30 16(17) 5(1)
31-40 43 (46) 90
41-50 17 (18) 32(7)
51-60 18(19) 27(6)
61-70 7(8) 235
70 = 5(1)
Work experience < 29(30) 2(7)
(years) 5-9 24(25) 18(4)
10-20 38(39) 37(8)
21-39 10(10) 140)

Total (n) 100 (108) 100 (22)
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Abnormal behaviour Description

Stereotypies Repeated behaviour which has no specific function or goal and does not vary (47). All stereotypies are described in the

Supplementary Table S1.

Aggressiveness towards human “Threats or physical attacks directed towards a human (cars pinned backward sometimes with the mouth open) (31).

drawn beha Standing with eyes open, fixed gaze, few or no blinks, eyelids do not droop, and the horse do not respond to external sensory.

stimulus of its environment (31).

Alert behaviour Remaining vigilant in position, with awareness and a raised neck, carefully surveying the environment, occasionally shifting either
head or ears (45).
Other abnormal behaviours Behaviours described in the Supplementary Table §1 as stereotypies but expressed once as gnawing on the box’ bar, gnawing on the

feeder, weaving, headshaking, crib-biting, licking on non-food, and tongue rolling.

Ears position in eating Description

behaviour

Forvard ‘The pinnae of both ears are directed forward.

On the side ‘The pinnae of both ears are directed on the side.

Backward ‘The pinnae of both ears are directed backward.

Asymmetric ‘The pinna of one ear is directed forward or to the side, while the other is directed backward.

Watching behaviour Standing still with the neck held horizontally or slightly raised, while the ears and neck remain mobile. The horse slowly surveys its

surroundings by moving ts head side to side or bricfly looking at environmental stimuli occasionally (34).
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Statement Official inspectors (n = 100-103) Private auditors (n = 21-22)

Agree Disagree Agree Disagree

Itis important that we as 98% 0% 100% 0%

inspectors make uniform

assessments
My colleagues and I usually 47% 17% 5% 18% p=1
‘make uniform assessments

Itis easy for me to make 69% 2% 64% 5% p=0536
uniform assessments between

different animal premises

Inspectors should have 8% 9% 2% 57% p=0034*

cons

lerable room for
interpretation so that good
solutions are found in

individual cases

Inspectors should not have 60% 8% 8% 2% P=0086
‘much room for interpretation

since it leads to too much

“special treatment of different

animal keepers

Tusually take the opportunity 51% 15% - - -

10 accept minor non-

compliances related to

‘measurement requirements if

the animal husbandry on a

premises is generally good

I sometimes accept minor 20% 49% 41% 36% Pp=0.095
non-compliances if the

animal husbandry on a

premises is generally good *

Ttis acceptable to only give a 13% 6% 19% 7%

verbal statement for minor

non-compliance without

noting it in the checklist or in

the inspection report

Non-compliance is non- 36% 2% 48% 24% p=0309
compliance regardless of

severity, so I handle them

equally

Non-compliance affecting 36% 29% 77% 15% p=0003*
several animals in a herd is

‘more serious than if it

concerns a single animal

We have predetermined time 1% 7% 76% 5% p <0001
spans for when certain types

of non-compliance must

be rectified

Most animal keepers. 74% 2% 76% 5% p=0582
understand what s written in

the inspection report after an

inspection

We always follow up that the 38% 3% 72% 15%

non-compliance has been

remedied

The respondents graded their statements from 1 = totally disagree to 5 = fully agree, where 1-2 were categorized as “disagrec” and 4-5 as “agrec” in the table; grade 3 (neutral) has been
omitted. The table also shows if there was a significant difference (p-value < 0.05, *) or not between the two groups for each statement.

“The legisation sometimes allows offcial inspectors to, under certain circumstances, accept minor deviations from the measurement requirements.

'In the questionnaire to the official inspectors it was clarified that this statement has do to do with other non-compliance than those related to measurements.
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F-movement

Box exclusively Mainly in box Pasture or paddock > box

Limited 20 8 4
F-forage Unlimited 2 14 8
F-social
Visual interaction Tactile interaction
Fforage | Limited 9 » 0
Unlimited 6 10 8

F-movement

Visual interaction 6 9 0

Possibility to sniff 16 13 4

F-social  Tactile interaction 0 0 8
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Factor Official inspectors (n = 100) Private auditors (n = 21)

None or a very Large impact None or a very Large impact
small impact small impact
‘The actual requirements 1% 96% 15% 58% p<0.001%
‘The regulation's aim and 3% 78% 15% 7% p=0063
intentions
Written guidelines from the 7% 76% 10% 81% p=0625

central authority/owner of
the regulation

Verbal guidance from the 45% 31% 15% 52% p=0033*
central authority/owner of

the regulation

Guidelines developed by 9% 63% % 7% »

several CABs or control

bodies together

Guidelines developed by my 8% 78% 0% 86% p=0335
own CAB or control body

Discussions with my 0% 94% 0% 81% p=007
colleagues

‘The animal keeper’ attitude 36% 29% 39% 24% p=089

The animal keeper's 27% 34% 8% 19% p=015
competence regarding

animal welfare

‘The animal keeper's 12% 63% 38% 38%

understanding and

willingness to rectify non-

compliance

Experience from previous 12% 55% 19% 67% p=0191
inspections with this animal

keeper

The general level of animal n% 60% 14% 62% p=0777
husbandry at the time of

inspection

The inspector’s ‘shape of the 82% 2% 77% 0% p=0678
day’

The respondents graded their statements from 1 = no impact to 5 = very large impact, where 1-2 were categorized as “none or  very small impact” and 4-5 as “ large impact” shown in the
table. The table also shows any significant differences (p-value < 0.0, *) between the two groups for each statement.
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Column name Type of information Description

Domain Pre-defined options Behavior, environment; health, mental state, or nutrition (5, 9)

Source Free text Author namef(s) and year of publication

Doi or link Free text Doi or link to publication

Species Pre-defined options (character) Dairy cattle, dairy calves, beef cattle/veal calves, goats, sheep, pigs, chicken, turkey/duck/geese/quails,
rabbits, horses, fish, aquatic invertebrates, insects

Category Pre-defined options (character) Category within a species, e, lactating, breeding, beef catle, veal calves, sows, piglets, growing pigs,
toms, broilers, laying hens, layer breeders, etc

Indicator Free text ‘The welfare indicator as has been named in the specific paper'
“Type of indicator Pre-defined options (character) Animal-based, resource-based, management-based, or environment-based*
Assessment protocol name  Free text If provided, the name of the assessment protocol applied, or a reference to the methodology, otherwise

indicated as ‘own’

Manual or digital Pre-defined options (characters) ‘Whether or not it is manually or digitally measured (digital includingall types of sensor

video, sound, etc)

Where measured Pre-defined options (characters) | Is it measured on the farm or a slaughter, or both

Definition/criteria Free text Brief description of the definition of the indicator and/or the criteria used to score the indicator,
according to publication according o the literature source

Other information Free text Eree space to add other relevant information regarding the literature source, such as additions on the

methods or definitions

‘Welfare indicators extracted from the lterature refer o both welfare consequences (the effect on the animal) and hazards (characteristics of the environment or management that indicate a
welfare rsk for the animal). Also, methods or measures were sometimes mentioned as indicators (e.g, qualitative behavior assessment, avoidance distance test) and papers may use the method
name and sometimes the actual measures (., number of animals withdrawing) of these methods. Information has been extracted as provided in the scientific paper. *Animal-based: a
response of an animal or an effect on an animal. It can be taken directly from the animal or indirectly and includes animal records (16); resource-based: an evaluation of a feature of the
environment in which the animal is kept or to which it s exposed (16); management-based: any indicator, tool, evaluation or management process an animal unit manager or stockperson
applies (16); environment-based: any indicator describing the environmental conditions such as noise, dust, temperature, ventilation, light conditions, humidity and gas concentrations.
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ies) Domain

Species (total el op five indicators (frequency)
Dairy cattle (1114) Behavior Agonistic behavior (4), Expression of normal behavior (2), Social behavio(wr (2)"

Environment ‘Time needed to lie down (11), Flooring (8), Cleanliness of animals (7), Cleanliness of flank/upper legs (6)’,
Cleanliness of lower legs (6)%, Cleanliness of udder (6)?, Litter material (6)*

Health Lameness (39), Nasal discharge (22), Ocular discharge (21), Diarrh(o)ea (17), Vulvar discharge (15)
Mental state Qualitative behavior assessment (8), Flight from humans test (6), Avoidance distance (5), Positive emotional state
(3), Avoidance distance at the feeding rack (2)%, Flight distance (2)°
Nutrition Body condition score (18), Body condition (10), Water provision (6)’, Cleanliness of water points (6)', Cleanliness of
water throughs (6, Functioning of water points (6)', Size of drinking throughs (6)’, State of nutrition (6)*
Pigs (445) Behavior Explorative behavior (7), Negative social behavior (5), Social behavior (5), Stereotypies (4), Positive social behavior

(3)%, Use of enrichment material (3)*

Environment Bursitis (14), Panting (12), Manure on the body (11), Huddling (10), Shivering (9)
Health Lameness (17), Pumping (10), Rectal prolapse (10), Scouring (10), Skin condition (10)
Mental state Fear of humans (12), Qualitative behavior assessment (9), Time until the observer was surrounded by pigs with a

radius of approx. 2 meters (2)"

Nutrition Body condition score (12)'
Broiler chickens (246) Behavior General behavior (2), Outdoor access (2)'
Environment Plumage cleanliness (14), Litter Quality (13), Dust (8), Stocking density (7), Panting/huddling (6)
Health Footpad dermatitis (20), Walking ability (22), Hock burn (21), Mortality and culls (8), Mortality (7)
Mental state Qualitative behavior assessment (7), Avoidance distance test (6), Touch test (4)"
Nutrition Drinker space (7), Emaciation (5)"
Laying hens (191) Behavior Plumage back (12), Plumage tail (10), Plumage belly (7), Plumage breast (6), Plumage head (5)?, Plumage neck (5)°
Environment Dirty birds (3)'
Health Footpad lesions (6), keel bone fracture (6), Mortality (6), Keel bone deformation (), Keel bone deviation (5)
Mental state Novel object test (2), Qualitative behavior assessment (2)
Nutrition 3

Indicators displaye in talcs are other than animal-based indicators (resource-, management-, or environment-based indicators). For all other species these data are shown in
Supplementary Table 1.
‘All other indicators were only applied once; “These indicators had equal frequencies of extraction greater than 1 from the itrature and are therefore all mentioned; *Only indicators applied
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(Category of) species Protocol name % Papers in which this Total number of papers
protocol was applied

Dairy catile Welfare Quality (including adapted) 5 3
Dairy calves Welfare Quality 2 9
Beef cattle/veal calves Welfare Quality (including adapted) 3 15
Goats AWIN (including adapted) 7 14
Sheep AWIN 30 23
Pigs Welfare Quality (including adapted) 55 27
Broilers Welfare Quality (including adapted) 82 2
Laying hens Welfare Quality (including adapted) 2 18
“Turkeys AWIN 22 7
Ducks Abdelfattah etal. (26) 7 3
Rabbits WelFair 27 11
Horses AWIN 25 24
Fish SWIMLO 30 10

Geese are not represented in the table as information could only be extracted from one paper. Quails, aquatic invertebrates and insects are not represented as there were no papers found.
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Species Limitati (if applicable)

Aquatic invertebrates Only including octopus (Octopus vulgaris), white leg
shrimp (Penaeus vannane), and tiger prawn
(Penaeus monodon)

Beef cattle and veal calves

Broiler chickens

Dairy cattle

Dairy calves

Ducks

Fish Only including salmon (Salmo salar), Rainbow trout
(Oncorhynchus mykiss), common carp (Cyprinus
carpio), Gilt-head seabream (Sparus aurata),
European seabass (Dicentrarchus labrax), and
Adlantic bluefin tuna (Thunnus thynnus). Search
limited to the dominant production systems, i,
husbandry of brood stock, rearing from larvae to
fingerling and on growing to market size fish,

Geese

Goats

Horses Horses for meat production, but as these can
be sports and leisure horses, these categories were
included. Welfare assessment during sports or races
were excluded.

Insects Only including meal worm, crickets (Acheta
domesticus and Gryllus bimaculatus), and honey bees
(Apis mellifera)

Laying hens

Pigs

Rabbits

Sheep

Turkeys

Quails





