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Abstract
. . N This Scientific Opinion provides an assessment of beef cattle welfare focusing on
The declarations of interest of all scientific . . " . . .
experts active in EFSA's work are available at risks related to flooring, water access, nutrition and feeding, high environmental
https:/open.efsa.europa.eu/experts temperatures, lack of environmental enrichment, lack of outdoor access, minimum

space allowance and mixing practices. In addition, risks related to pasture and
feedlots, weaning of suckler calves, mutilations (castration, disbudding, dehorn-
ing and tail docking), and to breeding practices (hypermuscularity, dystocia and
caesarean sections, polledness, maternal ability and temperament) are assessed.
Decision-making criteria for the euthanasia of cull cows are also addressed. A selec-
tion of animal-based measures (ABMs) suitable for collection at slaughterhouses
is proposed to monitor on-farm welfare of fattening cattle. Recommendations to
improve the welfare of housed fattening cattle include increasing space allow-
ance and feeding more roughage in relation to current practice, and promoting
the use of well-managed bedded solid floors. Provision of enrichment such as
brushes and roughage and an outdoor loafing area for housed cattle are recom-
mended. Cattle kept outdoors should have access to a dry lying area and sufficient
shade. Water should be provided ad libitum via large open water surfaces, and the
use of nipple drinkers should be avoided. Mixing of unfamiliar cattle should be
avoided and groups should be kept stable. Mutilations should be abstained from,
but if carried out, a combination of analgesia and anaesthesia should be applied
regardless of the calf's age. Early weaning of suckler calves should be avoided (<6
months). Homozygous double-muscled animals should be excluded from breed-
ing. Selected ABM:s for collection at slaughterhouses to monitor some of the highly
relevant welfare consequences experienced by fattening cattle on farm are body
condition, carcass fat levels, carcass condemnation, lung lesions and skin lesions.
Key data gaps identified are thresholds for dietary fibre, ABM thresholds for fitness
for transport and potential long-term effects of mutilations on pain sensitisation.
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SUMMARY

Background and European Commission's request

The European Commission (EC) requested the European Food Safety Authority (EFSA) to provide a scientific opinion on
the welfare of beef cattle (including fattening cattle, suckler cows, heifers and calves, breeding bulls, and ‘end of career’
(cull) dairy and suckler cows), reflecting the most recent scientific knowledge on the topic. The first Term of Reference
(ToR) requested a description of the most common husbandry systems and current practices for keeping beef cattle in the
European Union (EU). This ToR was addressed in a separate publication, ‘Technical report on the most common husbandry
systems and practices for keeping beef cattle’ (EFSA, 2025).

The second ToR requested (a) a welfare assessment of housing conditions for beef cattle in relation to flooring, mini-
mum space allowance, water access, nutrition and feeding, high environmental temperatures, lack of environmental en-
richment, and lack of outdoor access, (b) a welfare assessment of fattening cattle kept at grass considering outwintering,
nutrition and feeding, and water access, (c) an assessment of the risk to the welfare of suckler cows and calves associated
with the weaning of suckler calves, (d) the risk to welfare associated with the mutilation of cattle including castration, dis-
budding, dehorning, and tail docking, (e) the risk to welfare associated with breeding strategies and genetics in relation
to hypermuscularity, dystocia and caesarean sections, polledness, maternal ability, and temperament, and (f) decision-
making criteria for the euthanasia of cull dairy and suckler cows being kept for the production of beef. Finally, the third ToR
requested an assessment of Animal-based measures (ABMs) collected in slaughterhouses to monitor the level of welfare
on farm for fattening cattle.

Data and methodologies

The assessment was based primarily on peer-reviewed scientific literature, complemented by expert opinion and informa-
tion gathered through an EFSA Public call for evidence, which ran from December 2023 to January 2024.

For clarity and conciseness, all welfare consequences deemed highly relevant based on expert opinion are hereafter in
this Section referred to simply as ‘welfare consequences’ (WCs).

Assessment
Water access

Water is provided to housed beef cattle using water troughs, water bowls or nipple drinkers.

The WCs of restricted access to water are prolonged thirst, heat stress and group stress due to competition for access
to water. Drinking water free from faecal and microbial contamination must be available at all times. Therefore, daily
inspection, regular cleaning of water facilities and periodic microbial and physico-chemical analyses of water are necessary.

From a welfare point of view, large volume troughs allowing a drinking rate of up to 15-20 L/min are the preferred
drinker system. Nipple drinkers restrict natural drinking behaviour and should be avoided. Water troughs are preferred
to bowls, with a minimum of 6 cm of trough space per animal. However, if water bowls are used, at least one water bowl
should be provided for each 10 animals. Each group of animals should have two drinkers to prevent thirst in case of drinker
malfunctioning or dirtiness.

Flooring

The most common flooring systems for beef cattle are bare concrete slatted floors (CSFs), concrete slatted floors overlaid
with rubber mats (RMs) and, less commonly, solid floors bedded with straw. The WCs of hard flooring are resting prob-
lems, restriction of movement, soft tissue lesions and integument damage, locomotory disorders (including lameness) and
respiratory disorders. In particular CSFs increase the risk of resting problems, lameness, skin lesions, slipping and injury.
Overlaying CSFs with RMs mitigates the risk of restriction of movement due to slippery floors, and improves traction and
the resting of beef cattle. However, the risk of resting problems and lameness is still higher in CSFs overlaid with RMs than
on bedded solid floors, and CSFs do not provide as comfortable a lying area as straw bedded solid floors. For this reason,
where possible, bedded solid floors should be provided in the lying area in preference to CSFs or RMs.

Nutrition and feeding

Under intensive rearing conditions, diets for fattening beef cattle have a high-concentrate content to promote maximum
daily gain. Excess of dietary concentrate and insufficient structured fibre can lead to subacute rumen acidosis (SARA),
which is the most prevalent metabolic and gastro-enteric disorder in beef cattle. The main recommendation to prevent or
reduce SARA is to feed less concentrate and more structured fibre. This will also reduce locomotory disorders associated
with SARA and abnormal oral behaviour. However, to date, there is insufficient scientific evidence to establish thresholds
for concentrates and roughage in fattening cattle diets to prevent these welfare consequences. When feed additives are
used to reduce SARA, mineral buffers should be preferred over yeast products and phytogenic compounds, however, it
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should be noted that they have just a modulatory effect on the fermentation process, and they cannot compensate for a
suboptimal feeding management. A further recommendation is to ensure a gradual transition from forage-based diets to
the more concentrate-based fattening diet in the first 4 weeks after arrival at the fattening farm to prevent digestive dis-
orders. Additionally, when providing ad libitum feeding, it is recommended to give enough space at the manger to allow
simultaneous access to feed to all the group mates. Feed contaminated with mould or mycotoxins should be excluded
from beef cattle rations to prevent immune suppression and secondary locomotory disorders.

Lack of outdoor access

Most beef cattle are fattened under intensive conditions in closed or partially open barns without outdoor access for the
entire fattening period. When outdoor access is provided, it can be an outdoor loafing area with free passage between
indoor and outdoor areas, or access to pastures of different sizes and qualities and for different times of the year and day.

Lack of outdoor access can result in WCs including restriction of movement and inability to perform play behaviour,
sensory understimulation, group stress and inability to avoid unwanted sexual behaviour, inability to perform exploratory
or foraging behaviour and heat stress. The extent of restriction of movement depends on the indoor conditions. However,
freely accessible outdoor areas adjacent to indoor systems with well-managed underfoot conditions provide enlarged
space and opportunities for locomotion-related behaviours such as play behaviour. Outdoor conditions provide more
environmental complexity and changing sensory stimulation (e.g. sunlight, wind, rain or olfactory stimuli) than indoor
conditions. Although research on beef cattle is limited, available evidence suggests that providing free choice between
environmental conditions can reduce the risk of sensory under-stimulation and associated negative affective states.

Freely and easily accessible outdoor area adjacent to the barn furthermore allow lower ranking individuals to withdraw
and avoid unwanted interactions with dominant individuals or unwanted sexual behaviour, thereby helping to reduce
group stress. Outdoor access that includes pasture promotes exploration and foraging behaviour. A shaded outdoor loaf-
ing area adjacent to a barn provides the opportunity to move outside if it is hot or humid inside the housing, mitigating
heat stress.

Lack of environmental enrichment

The extent and diversity of enrichment structures and resources that facilitate the expression of highly motivated species-
specific behaviour vary in beef cattle husbandry, from little or none in barren housing with monotonous feed conditions
of intensively kept beef cattle, to great in extensive pasture systems with high forage diversity. Environmental enrichment
is less common in beef cattle than in dairy cattle.

The lack of stimulation and opportunities to perform a wide repertoire of natural behaviours leads to several WCs such
as inability to perform exploratory or foraging behaviour with reduced chewing and/or ruminating, inability to perform
comfort behaviour, sensory under-stimulation and inability to perform play behaviour. Due to the close relationship be-
tween environmental enrichment and nutrition and feeding in cattle, the lack of edible enrichment can also be related
to metabolic disorders. Furthermore, sensory understimulation may promote group stress and the inability to avoid un-
wanted sexual behaviour, although these associations are not well investigated. Environmental enrichment in general
reduces sensory understimulation and leads to increased activity.

Environmental enrichment can be provided in the form of (i) manipulable material that can be ingested, e.g. roughage
or salt blocks, (i) inedible material for exploration, including olfactory exploration and manipulation, (iii) equipment allow-
ing comfort behaviour, i.e. brushes or rubbing objects and (iv) pasture access for cattle housed indoors. The simultaneous
provision of different enrichments that promote different behaviours will likely have a greater overall effect than single
enrichments, but to date this has not been addressed in research. If inedible material is used for enrichment, it should be
changed frequently to provide a sufficient degree of novelty. Further research is needed on welfare effects of free-choice
feeding in intensive systems, as well as on minimum numbers of enrichment devices in relation to the number of animals
in order to limit social competition for these resources.

Mixing of cattle

Mixing cattle to form uniform groups based on criteria such as age, weight, sex or health status is a widely adopted practice
in beef cattle herd management. However, this process can disrupt the established social hierarchy within a group, leading
to a number of WCs during the re-establishment period. Mixing of cattle leads to increased group stress involving agonistic
interactions and unwanted sexual behaviour, less group cohesiveness, separation stress, disturbance of lying behaviour,
disruption of feeding and drinking behaviour due to impaired access to resources particularly for subordinate individuals
and handling stress. Severe agonistic interactions increase the risk of soft tissue injuries and intequment damage, and
sometimes bone lesions. Mixing may also result in respiratory disorders due to the mixing of different microbiomes and
the higher disease susceptibility caused by stress.

Groups of fattening cattle should remain stable as much as possible and mixing should be avoided. The WCs related
to mixing are reduced when mixing occurs at a young age, involves previously acquainted animals, includes at least two
familiar individuals, or when animals have prior mixing experience. In addition, increasing space allowance, providing
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additional feeders and ensuring adequate access to feed and water during the initial mixing period can help mitigate the
WCs of mixing. There is currently no evidence that weight-homogeneous groups offer welfare benefits.

High environmental temperatures

The experience of heat stress in cattle is influenced by external factors such as ambient temperature, relative humidity
(RH), thermal and solar radiation, presence of ventilation systems, drinking water temperature and barn characteristics, as
well as internal factors such as cattle genotype, coat colour and type, body size and condition, health status and degree of
adaptation. Heat stress is likely to start when temperatures exceed the upper boundary of the thermal comfort zone (TCZ)
but there are no precise estimates of such threshold for cattle. The risk of heat stress increases when temperatures reach
the upper critical temperature (UCT) threshold (~ 24-26°C).

Short-term actions to mitigate the effects of heat stress include ad libitum water provision, use of fans and sprinklers,
and diet management. If possible, cattle should be progressively (within 2-7 weeks) exposed to heat so acclimatisation
takes place. Handling stress should be minimised by reducing handling frequency and applying gentle handling tech-
niques. Long term strategies include design and constructions of barns optimised to minimise indoor heat load.

Minimum space allowance

Current practices for space allowances in commercial beef farms vary depending on the EU Member State (MS) and tend to
range from 2.4 to 5.5 m? per animal in bedded pens and from 1.8 to 3.2 m? per animal in slatted pens. The WCs of restricted
space allowances are resting problems, restriction of movement, group stress, soft tissue lesions and integument damage,
bone lesions (including fractures and dislocations), locomotory disorders (including lameness), inability to perform explor-
atory or foraging behaviour and inability to perform play behaviour. Providing larger space allowances will increase lying
time and allow animals to keep larger inter-individual distances, as well as provide more opportunities for movement and
general activity. However, there is a need for more research on the effects of space allowance >6 m?/animal on beef cattle
behaviour and welfare.

Based on results from the literature, it was estimated that providing 60 cm of feed trough length per animal is sufficient
when animals are fed ad libitum irrespective of animal weight. Based on allometric calculations, it was estimated that ani-
mals of 400 and 700 kg need 1.14 and 1.66 m?, respectively, to stand while feeding.

Estimates for lying area requirements assumed that lying space should allow synchronicity of lying behaviour, and that
group stress will be reduced if animals can keep a certain inter-individual distance. Based on expert judgement, it was
estimated that beef cattle over 400 kg kept in groups of 8-20 animals are motivated to keep an average inter-individual
distance of ~5 m when lying (90% certainty interval: 2-10 m). For groups of eight, this corresponds to a lying area of ~11
m?/animal (90% certainty interval: 3-48 m?). Including space for standing and feeding, the estimated total indoor space
allowance is ~13 m%/animal (90% certainty interval: 5-50 mz).

Regardless of type of flooring, it is recommended that space allowance per animal be increased in relation to current
practice to reduce resting problems, restriction of movement, group stress and locomotory disorders (including lameness).

Risks associated with keeping fattening cattle outside

Cattle kept at pasture

Grass-based husbandry systems involve keeping cattle at pasture from spring to autumn, and some cattle will also be kept
at pasture over winter.

Cattle at pasture can experience WCs including prolonged hunger, gastro-enteric disorders, prolonged thirst, heat
stress, group stress, handling stress, predation stress, metabolic disorders and sensory under- and/or overstimulation. For
cattle at pasture, health and welfare planning should include nutritional schemes and ensure that the risk of problems
associated with mineral deficiencies, toxicities and metabolic or parasitic disease is minimised. Grazing cattle should be
provided with readily available clean, palatable water at all times, but particular attention should be paid when cattle are
at risk of heat stress. In addition, at times of high risk of heat stress, cattle at grass should have easy access to shade and
additional exertional stressors such as handling should be avoided.

Also for cattle kept at grass it is relevant to habituate them to humans, and calm, effective handling methods should be
employed to minimise stress. Methods to reduce the risk of predation of cattle at pasture should be employed according
to local experience of successful initiatives, for example guardian livestock dogs, temporary fencing or including cattle that
behave defensively towards predators within the herd. All cattle at pasture should be provided with natural or artificial
grooming opportunities, such as trees or brushes.

Outwintered cattle can experience WCs including cold stress, resting problems and inability to perform comfort be-
haviour. For adult cattle in inclement weather, cold stress may occur at temperatures below 0°C, but in still, dry conditions,
cold stress will likely not occur until temperatures are lower. Cattle will use shelters to prevent cold stress and appear to
prefer natural over artificial shelters when available. Outwintered beef cattle should always have access to a dry lying area,
and shelter from wind and rain (natural shelter, such as trees, is preferred) and ready access to food (e.g. supplementary
feed) and water. It should be ensured that fat coverage, coat length and degree of acclimatisation are kept at a level that
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minimises the risk of cold stress in outwintered beef cattle. The obligation to regularly monitor cattle for signs of iliness or
other welfare risks should also apply to cattle at pasture, even if outwintered or extensively kept.

Cattle kept in outdoor feedlots

Feedlots are outdoor confinement facilities designed to keep large numbers of animals. Feedlots have compacted soil
flooring and basic infrastructure, typically consisting of water and feed troughs sometimes covered by a roof.

The conclusions and recommendations described for housed cattle related to water access, nutrition and feeding, high
temperatures, enrichment and mixing are also applicable to feedlot cattle. When there is a risk of heat stress, feedlot cattle
should have access to well-aerated, effective shade large enough to accommodate all animals simultaneously. Handling
should be kept to a minimum when there is risk of heat stress. High temperatures can also increase dust levels and the risk
of respiratory disorders. Dust exposure can be reduced by harrowing and moistening the soil using sprinklers or water
trucks, with a target moisture content of 25%-30%.

Mud in outdoor feedlot pens is associated with restriction of movement, resting problems or inability to perform sexual
or play behaviours. Additionally, muddy pens increase the risk of lameness. Exposure to mud can be reduced by building a
mound, installing drainage systems, providing bedding material, harrowing the soil surface and ensuring a slope to natu-
rally remove excess water from the enclosure.

Risks related to weaning of suckler calves

Natural weaning is a gradual process that occurs when calves are between 7 and 14 months old. In European suckler herds,
weaning commonly takes place more or less abruptly between 5 and 11 months of age in order to maintain high produc-
tivity and an adequate body condition of the suckler cows. The WCs resulting from weaning are separation stress, handling
stress, group stress if weaning and separation are combined with regrouping, as well as inability to express maternal be-
haviour in cows and inability to perform sucking behaviour and prolonged hunger in calves. In weaned calves, these are
expressed by increased vocalisation, pacing and seeking, along with reduced feeding and lying.

While abrupt weaning remains the most common approach, gradual weaning and two-step weaning strategies using
nose flaps and fence-line separation offer potential benefits in reducing behavioural and physiological stress responses in
both cows and calves. To improve calf welfare, weaning should be delayed as long as the body condition of the cow allows,
ideally taking place once calves are ingesting solid feed that can cover their nutritional requirements and are familiar with
post-weaning feeds. Calves weaned at an older age are generally better equipped to handle nutritional and social transi-
tions and tend to exhibit fewer stress signs compared to early weaning (e.g. before 90 days). In general, weaning before 6
months should be avoided. Regardless of age, two-stage weaning is preferred over abrupt weaning, but the effects of nose
flaps on nasal lesions should be monitored and non-harmful flap models should be explored. Recommended strategies
to reduce stress around weaning are creep weaning, habituation to human presence, gentle handling and keeping calves
with familiar calves and in a similar environment. However, certain welfare impacts — such as the disruption of maternal and
sucking behaviours and restricted nursing opportunities — cannot be fully eliminated.

Risks associated with mutilations
Castration

Castration of bulls can be performed using various methods, including surgical castration, rubber ring or band castra-
tion, and Burdizzo castration, all of which involve tissue damage and cause pain. The WCs associated with these meth-
ods include soft tissue lesions and integument damage, handling stress, resting problems, restriction of movement and
separation stress. Immunocastration, which does not involve removal of testicles, and prevents pain resulting from integu-
ment damage or soft tissue lesions, is currently not approved in the EU for cattle, but if available would prevent most WCs
of castration.

In general, the need for castration should be assessed, and if possible, castration should be avoided. Band castration and
rubber ring castration should be avoided due to longer healing times.

While it is often assumed that young calves experience less pain than older animals during castration, available data
on physiological and behavioural measures do not conclusively demonstrate age-related differences in pain perception.
However, conducting castration at an early age (between 1 and 8 weeks) is recommended due to smaller wound size and
faster healing. Due to limited data on castration in calves under 1 week of age, no specific recommendations can be pro-
vided for this age group.

Calves should not be castrated without pain mitigation. Combining local anaesthesia with non-steroidal anti-
inflammatory drugs (NSAIDs) is more effective in reducing pain than using a single agent, but no combination of pain
mitigation drugs is likely to be fully effective, particularly under field conditions.

Furthermore, best practices on pain mitigation include to consider the time for the medication to take effect when
planning the castration procedures, and workflow being optimised in order to reduce handling and restraint times. Pain
mitigation should be properly applied and continued as long as pain is likely to be experienced. Standardised protocols
for the use of efficient local anaesthesia and analgesia should be promoted, and facilities should be adapted to minimise
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handling stress and pain. Castration should be performed by a veterinary surgeon or trained operator who can recognise
signs of pain and complications.

Disbudding and dehorning

Disbudding is a common practice in beef cattle and consists of the destruction or removal of the free-floating horn buds
in the skin above the skull of calves. In contrast, dehorning - the surgical removal of grown horns in calves over 2 months
of age and in adult cattle - is a less frequent practice and routine dehorning is banned in some EU MSs. Both techniques
aim to reduce animal injuries and damage to hides, reduce damage to facilities, ease cattle handling and promote human
safety. Disbudding and dehorning lead to WCs like soft tissue lesions and integument damage, bone lesions (including
fractures and dislocations), handling stress, eye disorders, separation stress and inability to perform sucking behaviour.
Regardless of the method, both disbudding and dehorning are painful practices.

If possible, disbudding and dehorning should be avoided. The need for disbudding should be prevented by adapting
housing, handling practices and transport conditions for horned animals or by rearing genetically hornless (polled) cattle.
Dehorning should not be conducted unless justified by veterinary indication on an individual animal. When carried out,
standardised protocols should be promoted that include the mandatory use of efficient local anaesthesia and analgesia,
considering the time of the medication to take effect when planning the procedures.

Surgical disbudding and caustic paste disbudding should be avoided. Guidelines on the correct use of the numerous
different brands of disbudding irons on the market should be made available and followed due to theirimpact on induced
pain and ease of healing. Disbudding a few days after birth (e.g. at 3 days of age) should also be avoided because of the
potential increase of long-term pain sensitivity, although more research should be carried out on this issue. For any method
of horn removal, and particularly for extensively raised cattle, a safe and low-stress restraint should be applied to alleviate
handling stress and improve the safety of the personnel.

Sedation prior to mutilations should be carried out when calves are unused to handling, but further research should be
carried out on possible negative welfare effects of sedation.

Tail docking

Tail docking, i.e. the removal of part of the tail, is a rare practice which aims to reduce tail injuries and tail tip necrosis that
may arise from constrained housing and inappropriate floor conditions; the practice has been banned in almost all EU MSs.
If carried out, surgical removal of the tendinous part of the tail tip is currently the most common method, but other meth-
ods exist such as hot docking and elastic banding. The WCs related to tail docking are handling stress, soft tissue lesions
and integument damage, and resting problems.

Tail docking is a painful procedure that increases restlessness (e.g. head movements directed towards the tail, increased
number of standing bouts) with more pronounced effects following banding compared to hot-iron docking. Tail-tip
injuries and necrosis can be mitigated by management measures such as adequate space allowance and floor conditions.
Therefore, tail docking should not be carried out routinely and the need for tail docking can and should be prevented by
the provision of sufficient space and appropriate floor conditions.

Risks associated with breeding practices

Hypermuscularity

Hypermuscularity in beef cattle results from mutations in the myostatin gene which induce increased numbers of muscle
fibres (hyperplasia) and lead to substantially higher meat yields and leaner mass. The double-muscled (DM) phenotype
is expressed when animals are homozygous for the mutated allele(s). Breeds commonly known for double-muscling are
Belgian Blue, Piedmontese, Marchigiana and Asturiana de los Valles. In much of the Belgian Blue and Piedmontese popula-
tions, the mutated alleles have reached fixation, meaning that almost all animals exhibit the mutated allele in homozygosity.

The WCs of double-muscling include reproductive disorders (e.g. dystocia due to a mismatch between calf size and
the pelvic conformation of dams, increasing perinatal mortality), handling stress (e.g. in the course of caesarean sections,
assisted births, subsequent delayed colostrum intake and onset of maternal behaviours), heat stress (mismatch between
heat production and heat dissipation possibilities), respiratory disorders, locomotory disorders (including lameness) and
bone lesions (e.g. due to increased load together with reduced bone mass), muscle disorders (e.g. white muscle disease)
and metabolic disorders (e.g. reduced feed intake capacity, higher risk of mineral deficiencies). In addition, DM animals may
also show an increased risk of fatigue and increased stress susceptibility.

For welfare reasons, homozygous double-muscled animals should not be used, and heterozygous hypermuscular gen-
otypes that show intermediate phenotypes should be preferred. Breeding bulls not carrying the myostatin gene mutations
responsible for double-muscling should be used. Selection strategies should also include traits for improved anatomical
features, e.g. pelvic conformation for calving ease. The implications of low calf weight as part of the ‘birthing ease’ trait are
unknown.
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Dystocia and caesarean sections (C-sections)

Dystocia, or difficult calving, may have serious consequences on cow welfare (e.g. soft tissue lesions and integument dam-
age, handling stress, prolonged hunger, prolonged thirst, muscle disorders and reproductive disorders) and calf welfare
(e.g. increased mortality, gastro-enteric disorders, respiratory disorders). Planned C-section can be used to avoid dystocia
in DM animals but it has other negative WCs for cows.

The incidence of dystocia and C-sections varies across beef cattle breeds. In hypermuscular DM cattle, dystocia is pri-
marily due to the larger birth weight and muscular hypertrophy of the calves, which exceed the pelvic capacity of the dam.
Furthermore, skeletal underdevelopment of hypermuscular DM dams relative to the muscle mass may complicate calf
passage through the birth canal. To minimise the risk of dystocia, elective C-sections are highly prevalent in DM cows (in
~90% of calvings in DM Belgian Blue cows) but, inferring from literature available on humans, repeated C-sections increase
the likelihood of health-related issues such as bleeding, infection, adhesions, problems to the bowel and udder. As dystocia
and hypermuscularity are associated in DM breeds, measures to mitigate the general WCs of hypermuscularity can also
help reduce dystocia risk and need for (planned) C-sections. Breeding could also be used to reduce dystocia risk in non-
hypermuscular beef cattle breeds by selecting for calving and birthing ease, reduced stillbirths and pelvic conformation
traits. However, heritability for calving ease and birthing ease is generally low to moderate. Estimation of breeding values
in beef cattle sires and dams should be improved by identifying candidate genes and markers associated with calving ease
and dam pelvis morphology.

Polledness

Soft tissue lesions and integument damage resulting from disbudding and dehorning can further be mitigated through
introgression of polledness in horned cattle breeds. In some breeds, introgression of the polled variant has already been
achieved with a rather high frequency, whereas in other breeds introgression is limited due to low allele frequency or cul-
tural preference for horns as a breed-specific trait. Since polledness is a dominant trait, intensive selection for polledness
can lead to the complete loss of the horn trait.

When deciding between polled and horned cattle, it is recommended to consider the functional role of horns (e.g.
establishing and maintaining stable social dominance relationships, self-grooming, defence against predators, thermal
regulation). The choice between polled or horned beef cattle should depend on the specific housing and management
conditions. In environments with low group stress and low number of physical agonistic interactions and related injuries,
it is less indicated to keep or select for polled cattle. If hornless cattle are to be kept, selection for genetic polledness is to
be preferred to disbudding/dehorning to avoid pain and stress. However, selecting for polled cattle could reduce genetic
diversity and may negatively affect traits like disease resistance and other welfare-related traits. Further research on these
risks is recommended.

Maternal ability

Maternal ability is a multifaceted trait that includes temperament, calving ease, maternal behaviours, ability to produce milk
and maternal reproductive efficiency. Thus, it is a complex trait influenced by dam genetics but also by other factors, such
as age, experience, parity, management practices and other external factors influencing the dam'’s and calf's general body
condition and health. Maternal ability includes several traits with variable heritability, and selection is challenging in case of
traits with low heritability. Moreover, while traits like calving ease and calf weaning weight are easily measurable, maternal be-
haviours are less feasible to record. Therefore, they are currently not incorporated in commercial selection schemes. Although
udder and teat morphology are moderately heritable traits associated with calf survival and growth rates, they have not been
included in beef cattle selection schemes yet. Genomic selection may help to make selection schemes for maternal ability in
beef cattle more efficient. In suckler cows, temperament is closely associated with maternal ability.

Temperament

In beef cattle, temperament can be defined as the animals' consistent behavioural and emotional responses to various
stimuli and can be assessed from an early age.

Cattle temperament plays a role in animals' responses to handling and human interventions during routine procedures,
but especially in stressful situations. Cattle that are highly excitable, fearful or aggressive in response to human interven-
tions or social interactions are more likely to express fear reactions that can lead to injuries. In contrast, animals that are
more docile or calm are likely to exhibit fewer stress responses and remain more cooperative during human interventions.

Current breeding practices for improving beef cattle temperament include the assessment of the candidate sires with
behavioural tests, but assessment methods vary widely and partly rely on subjective definitions. The genetic basis of tem-
perament is complex, involving multiple genes and gene—environment interactions. Although heritability estimates for
temperament are typically low to moderate, identification of genes and genomic regions could be useful for enhancing
selection for docile and calm temperament in beef cattle. In addition to the assessment of sires, it is recommended to as-
sess the daughters of the sire candidates to consider the link between temperament and maternal ability. Behavioural tests
used in selection programmes to assess temperament should be harmonised.
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Decision-making criteria for cull cows to be kept for fattening

Culling decisions in suckler and dairy cows are most often driven by involuntary factors such as fertility issues and udder
health problems, while reasons like low production and lameness are less frequent. The decision for the course of action
to take for a cull cow depends on her fitness for human consumption and for transport, the likelihood of successful treat-
ment and the level of welfare impairment. In this context, a decision tree was created to aid decisions. However, there are
knowledge gaps. Research is recommended on how cows with various health conditions respond to transport, on their
welfare during withdrawal periods if recovery is incomplete, their welfare during fattening and the WCs of delays between
different decisions and actions. Where necessary, professional advice (e.g. from a veterinarian) should be sought on the
level of welfare impairment, likelihood of successful treatment, fitness for human consumption and for transport.

Currently, lists of criteria for decisions for fitness for transport are available; however, cases of doubt can occur which
would benefit from a broader consensus on relevant conditions with clearly defined ABM thresholds. It is recommended
to further develop broadly agreed ABM thresholds for deciding on fitness for transport.

Animal-based measures collected in slaughterhouses

The ABMs selected as most suitable and promising for collection at slaughterhouses to monitor the level of welfare on farm
for fattening cattle are carcass fat levels, carcass condemnation, post-mortem lung lesions and post-mortem skin lesions.
Currently, these ABMs are not routinely recorded in EU slaughterhouses for animal welfare monitoring of fattening cattle,
but some are already collected for food safety or classification purposes. The selected ABMs refer mostly to health-related
WCs and only to a limited extent indicate inability to perform species-specific behaviour on the farm, such as resting prob-
lems. There are no ABMs to detect inability to perform exploratory or foraging behaviour, or restriction of movement nor
ABMs for positive welfare that can be collected in slaughterhouses.

Variation in the assessment methodologies makes it difficult to compare the currently available data. Therefore, har-
monisation and standardisation of data collection and recording are needed, including training and reliability testing. For a
comprehensive welfare assessment, ABMs collected at slaughter should be complemented with data on behavioural ABMs
collected on farm and during transport, and with information on farm mortality.

Animal-based measures by welfare consequence

Lastly, for each welfare consequence identified as highly relevant for indoor fattening cattle, ABMs that could be collected
on farm were identified based on their feasibility, sensitivity and specificity.
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1 | INTRODUCTION
1.1 | Background and Terms of Reference as provided by the requestor
111 | Background

In accordance with the Farm to Fork Strategy, published on 20 May 2020, the Commission is working on the revision of the
EU animal welfare legislation. This includes the following acts:

Council Directive 98/58/EC of 20 July 1998 concerning the protection of animals kept for farming purposes';

. Council Directive 1999/74/EC of 19 July 1999 laying down minimum standards for the protection of laying hens?

. Council Directive 2008/119/EC of 18 December 2008 laying down minimum standards for the protection of calves®;

. Council Directive 2008/120/EC of 18 December 2008 laying down minimum standards for the protection of pigs*;

Council Directive 2007/43/EC of 28 June 2007 laying down minimum rules for the protection of chickens kept for meat

productions;

. Council Regulation (EC) No 1/2005 of 22 December 2004 on the protection of animals during transport and related
operations and amending Directives 64/432/EEC and 93/119/EC and Regulation (EC) No 1255/97%

7. Council Regulation (EC) No 1099/2009 of 24 September 2009 on the protection of animals at the time of killing.”

A WwN

[@))

There is currently no specific EU animal welfare legislation covering beef cattle, but beef cattle are covered by Directive
98/58/EC. EFSA adopted opinions on the welfare of beef cattle in 2012 and 2001.

Against this background, the Commission would like to request the EFSA to review the available scientific publications
and other sources to provide an updated and sound scientific basis for possible future EU specific legislation on the welfare
of beef cattle.

This request is about the protection of beef cattle (un-weaned suckler calves, fattening cattle, suckler cows, heifers,
breeding bulls and end of career dairy and suckler cows).

This mandate does not cover the welfare of veal calves, nor the welfare of calves born on dairy farms that are slaugh-
tered for beef (up to 6 months of age) as they have been covered in a dedicated Scientific Opinion.

The above types of cattle are understood as follows:

- Suckler calves are reared by their dam (usually a beef breed) and are weaned at approximately 6 months of age.

- Fattening cattle are weaned cattle (greater than 6 months old) being farmed for the production of beef. This assessment
covers the production of these cattle until they are slaughtered at various ages depending on the production system in
question.

- Suckler cows/heifers give birth to and rear suckler calves until they are weaned.

- Breeding bulls sire calves, naturally or via artificial insemination, that are used for the beef production.

- End of career dairy cows are dairy cows who are no longer producing milk and are being kept for meat production.

- End of career suckler cows are cows no longer being used to produce and mother suckler calves but are being kept for
the production of meat.

- Dual purpose breeds: breeds of cattle than can be used for both beef and milk production.

1.1.2 | Terms of Reference

The Commission therefore considers opportune to request EFSA to give an independent view on the protection of beef
cattle.

A. The Commission requests EFSA to deliver a technical report in accordance with Article 31 of Regulation (EC) No
178/20020n the elements below:

TOR 1. A review of the most common husbandry systems and current practices for keeping suckler calves, fattening
cattle, suckler cows, heifers, breeding bulls, end of career dairy cows and end of career suckler cows in the EU.

'0J L 221,8.8.1998, p. 23.

20J 1203, 3.8.1999, p. 53.

30J 110, 15.1.2009, p. 7.

40J L 47,18.2.2009, p. 5.

0J L 182, 12.7.2007, p. 19.

0J L 3,5.1.2005, p. 1.

’0J 1303, 18.11.2009, p. 1.
8https://open.efsa.europa.eu/questions/EFSA-Q-2020-00480?search=Calves.
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This is to include types of housing, flooring and bedding, access to the outdoors, periods at grass and nutrition and
feeding. It also includes a description of calving facilities in use and the practice of tethering.

B. The Commission requests EFSA to deliver a scientific opinion in accordance with Article 29 of Regulation (EC) No
178/2002 focusing in particular in the problems identified below (ToR 2 a-f and ToR 3):

TOR 2a. Welfare assessment of housing conditions for beef cattle (including feedlots) in relation to:

- Flooring - types of flooring, including bedding and resting areas;

- Minimum space allowance at different resources (e.g. total space allowance and space needed in bedding and
resting areas, feeding trough space requirements);

- Water access - type of drinkers, number of drinking points;

- Nutrition and feeding strategies;

— Extreme environmental heat (housed and outdoors);

— Environmental enrichment;

- Lack of outdoor access;

- Mixing of cattle.

TOR 2b. Welfare of fattening cattle kept at grass considering:

- Outwintering: protection from cold, wind, rain and underfoot conditions;
- Nutrition and feeding;
— Water access.

TOR 2c. The risk to the welfare of suckler cows and calves associated with the weaning of suckler calves.
TOR 2d. The risk to welfare associated with the mutilation of cattle including:

— Castration;

- Disbudding;
- Dehorning;
- Tail docking.

TOR 2e. The risk to welfare associated with breeding strategies and genetics in relation to:

- Hyper-muscularity;

- Dystocia and caesarean sections;
— Polledness;

- Maternal ability;

- Temperament.

TOR 2f. Decision making criteria for the euthanasia of end of career dairy and suckler cows being kept for the produc-
tion of beef.

TOR 3. The assessment of Animal-Based Measures collected in slaughterhouses to monitor the level of welfare on farm
for fattening cattle.

1.1.3 | Interpretation of the Terms of Reference

This mandate refers to the protection of beef cattle (un-weaned suckler calves, fattening cattle, suckler cows, heifers,
breeding bulls, cull dairy cows and cull suckler cows). Although the definitions of the animal categories are identical to
those included in the mandate for most categories, some considerations are provided to clarify the scope of some of them:

Fattening cattle: These are weaned cattle more than 6 months old being farmed for the production of beef. While
steers are not specifically mentioned in the mandate, these are also part of the fattening cattle category. Fattening cattle
also includes bulls and heifers, but not dairy replacement heifers.

Breeding bulls: In the mandate it is specified that breeding bulls are cattle that ‘sire calves that are used for beef’. It is
recognised that calves sired by a breeding bull may also be used for dairy (i.e. in most cases it will depend on the breed, but
not always), but in the context of this opinion the focus is only on bulls that are bred to produce calves that will be used to
produce beef.

Cull cows: In this document the term ‘cull cow’ is used rather than ‘end-of-career cow’ as mentioned in the ToRs. ‘Cull
cow’ is a term commonly used in the literature and has also been used in a previous EFSA opinion to refer to this animal
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category (EFSA AHAW Panel, 2022b). It refers to dairy and suckler cows for which their primary productivity (milk, calves) is
considered insufficient. They may be sent to slaughter, kept for fattening or killed.

‘Dairy-beef’ calves: These are calves born on dairy farms and subsequently reared and slaughtered for beef (but not
for veal) at >8 months of age. Any hazards or practices specific to dairy-beef calves not already addressed in the Scientific
Opinion on the Welfare of calves (EFSA AHAW Panel, 2023a) are described and assessed as appropriate in this opinion.

The term ‘dual-purpose breeds’ was included in the mandate under ‘types of cattle’ and was listed in the animal cate-
gories. Although this term does not refer to an animal category, the interpretation is that the assessment should also cover
animals of dual-purpose breeds. In this context, dual purpose breeds were defined as breeds of cattle that are selected for
both beef and milk production.

Interpretation of specific requests

This document provides the assessment requested in ToRs 2a—e and ToR 3, while the Section on the housing practices part
of ToR 1 is published separately as a technical report.

ToR 2a. Welfare assessment of housing conditions for beef cattle (including feedlots) in relation to: Flooring, mini-
mum space allowance at different resources, water access, nutrition and feeding strategies, extreme environmen-
tal heat, environmental enrichment, lack of outdoor access and mixing of cattle.

ToR 2a requests to assess housing conditions (i.e. flooring, water, nutrition and feeding, extreme environmental heat,
environmental enrichment, lack of outdoor access and mixing of cattle). The term ‘extreme environmental heat’ was
rephrased as 'high environmental temperatures’ to reflect that such climate conditions are not infrequent (as the word
‘extreme’ could suggest).

Under the housing Section, tie-stalls are not discussed because they are used much less frequently than loose housing
systems for keeping suckler cows and fattening cattle. General welfare concerns related to tie-stalls were discussed in the
EFSA scientific opinion on the Welfare of dairy cattle (EFSA AHAW Panel, 2023b).

According to the mandate received by EFSA, the factors discussed for cattle kept indoors (flooring, minimum space
allowance, water access, nutrition and feeding strategies, high environmental temperatures, environmental enrichment,
lack of outdoor access and mixing of cattle) should be also discussed in the context of feedlots. With the exception of
the Section ‘lack of outdoor access’, which does not apply to feedlots and cattle kept on pasture (see ToR 2b below), the
principles discussed in the context of indoor housing (i.e. relationships between hazards and welfare consequences (WCs))
equally apply to cattle kept in feedlots. Hence in the feedlot Section these principles are not discussed again and only the
results of research specifically taking place in feedlots are mentioned. It is also worth mentioning that the EFSA experts
considered that the minimum space allowance recommendations for cattle kept indoors also apply to cattle kept outdoors.

Minimum space recommendations were requested for three aspects: (1) feed trough space requirements (m/animal),
including space for standing while feeding (mz/animal); (2) lying area (m?%/animal); and (3) total space allowance (mz/ani-
mal). As a ‘minimum’ space allowance recommendation was requested for the space allowance topic, an approach based
on a behavioural model was developed to provide quantitative, minimum space allowance recommendations. This is pre-
sented as a standalone chapter.

ToR 2b. Welfare of fattening cattle kept on pasture considering: Outwintering, nutrition and feeding and water
access

ToR 2b requested an assessment of the welfare of fattening cattle kept on pasture considering outwintering, nutrition
and feeding and water access. Because other categories of cattle are also commonly kept on grass, such as suckler cows
and suckler calves, the welfare assessment was carried out for these two categories as well.

In addition, the Section on feedlots requested under ToRs 2a-e was included under ToR 2b to focus ToRs 2a-e on housed
cattle only

ToR 2c. Therrisk to the welfare of suckler cows and calves associated with the weaning of suckler calves
The mandate text was straightforward with no further interpretation considered necessary.
ToR 2d. Therrisk to welfare associated with the mutilation of cattle including castration, disbudding and dehorning
There was a discussion on the importance of animal integrity in the context of mutilations. Beyond the pain resulting
from mutilations, the functions of the removed body parts are discussed with regard to relevant WCs but the ethical di-

mension of integrity of an animal was considered beyond the scope of this scientific opinion.

ToR 2e. The risk to welfare associated with breeding strategies and genetics in relation to: Hypermuscularity, dys-
tocia and C-sections, polledness, maternal ability and temperament
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As for ToR 2c and ToR 2d, no interpretation was needed for this ToR.

ToR 2f. Decision-making criteria for the euthanasia of end of career dairy and suckler cows being kept for the pro-
duction of beef

The mandate requested EFSA to assess the decision-making criteria for the euthanasia of cull cows being kept for the
production of beef.

There was a discussion among the EFSA experts on whether strictly speaking this request could be interpreted as falling
into a ‘risk management’ rather than ‘risk assessment’ and hence be beyond EFSA's mandate. While a ‘decision-making’
set of criteria could be interpreted as being risk management because it involves direct decisions, it was eventually under-
stood that this ToR was pertaining those decisions that are relevant from a welfare point of view. In parallel, practical con-
siderations for taking decisions around culling of cows should also be considered, such as whether a cow is fit for human
consumption. In this context, the final interpretation of this request was that the decision steps relevant to welfare should
be identified to aid the decision-making process for cows being removed from the productive herd whilst acknowledging
that a full risk assessment of the WCs at stake in each decision step was not within the scope of this ToR.

ToR 3. The assessment of animal-based measures collected in slaughterhouses to monitor the level of welfare on farm
for fattening cattle

This ToR requested the identification of animal-based measures (ABMs) collected at the slaughterhouse, both before
and after slaughter (ante-mortem and post-mortem), that could be used to monitor the welfare of fattening cattle on farm.
These ABMs should provide information on the overall welfare state of a specific population within a herd, farm or region/
country. All fattening beef cattle categories (i.e. fattening bulls, heifers and steers) were considered in the assessment
of ABMs collected in slaughterhouses for monitoring fattening cattle welfare on farms. For ABMs collected at slaughter
related to calves please refer to EFSA AHAW Panel (2023a).

2 | DATA AND METHODOLOGIES
2.1 | Data
211 | Scientific literature

Peer-reviewed scientific articles were the main source of data used in the assessment. The literature searches and inclusion
and exclusion criteria are presented in Appendix C.

2.1.2 | EFSA Public call for evidence

In line with its policy on openness and transparency, and in order to receive any relevant evidence on the welfare of beef
cattle on farm from the scientific community and all interested parties, EFSA launched a Public call for evidence from 7
December 2023 to 31 January 2024. Beef cattle population, husbandry systems and housing, cattle mutilations and breed-
ing strategies were the topics considered by EFSA to be most relevant to gather feedback on. The document presenting the
Public call for evidence included different ToRs of the mandate received from the EC and is available at Open EFSA (https:/
connect.efsa.europa.eu/RM/s/consultations/publicconsultation2/a0lTk0000001ghJ/pc0742).

A total of 226 anonymised comments were received from stakeholders from 10 countries (Belgium, Czech Republic,
Denmark, Finland, Germany, Ireland, Italy, Netherlands, Spain, United States), consisting of written comments, scientific pa-
pers and grey literature (technical reports, outputs from databases, non-published data). Stakeholders were from the follow-
ing affiliation categories: "EFSA registered stakeholders", "Non-Governmental Organizations (NGOs)", "Public authorities in EU
Member States (MSs)", "Academia/Research institutes", ‘International Organizations" and "Other". Out of 226 comments, 39
were classified as meaningless (e.g. ‘no info’, ‘see attachment’), 11 were identical duplicates and 4 were out of the scope of this
public call for evidence. Only relevant comments and publications suggested in the EFSA Public call for evidence were consid-
ered by the EFSA experts in their assessment and these are cited in this document as appropriate (see Appendix D for instruc-
tions on how to retrieve the information submitted by stakeholders). The full list of submissions including their attachments, is
available at Open EFSA (https://open.efsa.europa.eu/consultations/a0cTk00000024kHIAQ?search=beef+cattle).

The data provided through the Public call for evidence reflect a variety of reported practices concerning the welfare
of beef cattle. The information was considered as received when informative for the assessment and was not verified or
validated by EFSA.

2.2 | Methodologies

The overall approach taken in this document for a scientific assessment of welfare was that described in the EFSA guidance
on risk assessment for animal welfare (EFSA AHAW Panel, 2012a). This Scientific Opinion also follows the guidance protocol
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that was developed by the EFSA Panel on Animal Health and Animal Welfare (AHAW) to answer the mandates received in the
context of the Farm to Fork strategy (EFSA AHAW Panel, 2022a). Based on these EFSA methodological guidance documents,
a protocol describing the problem formulation was developed at the start of the assessment to identify the main questions
of relevance and to determine the most appropriate methodological approach for each ToR. This is presented in Appendix A.

221 | Methodologies used in ToR 1

The assessment relative to ToR 1 (a review of the most common husbandry sustems and current practices for beef cattle)
was published separately as a Technical report and the methodology used for that report is there described (EFSA, 2025).

2.2.2 | Methodologies used in ToRs 2a-e

Following the EFSA guidances documents on animal welfare (EFSA AHAW Panel, 2012a, 2022a), EFSA experts (a) identified
the most relevant WCs resulting from the husbandry practices and hazards defined in ToRs 2a—e) of the mandate (i.e. floor-
ing, minimum space allowance, water access, nutrition and feeding, high environmental temperatures, lack of outdoor
access and mixing), (b) described suitable animal-based measures (ABMs) to detect and monitor the most relevant WCs
identified in (a) and (c) provided qualitative or quantitative recommendations to prevent or mitigate those WCs.

The definitions of welfare consequences (WCs) listed in Section 2.3 were those part of the EFSA guidance protocol (EFSA
AHAW Panel, 2022a), but only the WCs relevant to beef cattle were considered. In the context of this Scientific Opinion, the
WC ‘sensory under- and/or overstimulation’ was interpreted as referring only to the aspect of ‘under-stimulation’ because
the occurrence of ‘over-stimulation’ was not identified for any of the factors assessed.

The identification of the highly relevant WCs was executed based on expert opinion. The opinion of the EFSA experts
was elicited through an exercise of individual classification of the relevance of WCs (considering severity, prevalence and
duration) followed by group discussion to identify the highly relevant WCs by consensus. For a detailed description of the
steps involved in this process, see EFSA AHAW Panel (2022a) (see Section 3.1.1.4 of EFSA AHAW (2022a).

Some highly relevant WCs were not a direct consequence of the hazard but were rather associated with one of the WCs
initially selected as highly relevant. In those cases, the WCs were still selected but classified as ‘linked WCs'. For instance, a
WC from feeding fattening cattle a diet with a high content of concentrates is metabolic disorders, and a linked WC from
metabolic disorders is locomotory disorders (i.e. laminitis as a consequence of ruminal acidosis).

Interventions or measures to prevent or mitigate the WCs and the ABMs suitable for detecting and monitoring each WC
including definition, interpretation, feasibility, sensitivity and specificity were identified using expert knowledge and data
from the scientific literature. Literature searches focusing on the topics of interest were carried out and used as a basis for
the assessment presented in each Section (for more details on the literature searches, see Appendix C).

ToR 2d focusing on the risks to welfare associated with the castration, disbudding, dehorning and tail docking followed
the same methodology to identify the highly relevant welfare consequences of these mutilations. In addition, information
collected through the AHAW network (EFSA, 2024) regarding common practices around mutilations in the different MSs
was also taken into account by the EFSA experts when discussing current practices.

The assessment related to the identification of ‘minimum space allowance’ requirements (included in TOR 2a) required
further methodological steps; these are described below.

2.2.3 | Methodologies used in ToR 2a - minimum space allowance
2231 | Allometric calculations (space needed for feeding)

The first step was to follow the process described under Section 2.2.2 to identify highly relevant WCs of restricted space
allowance and the second step was to carry out a literature search to describe the relationship between space allowance
(feeding space, lying and total pen space) and beef cattle welfare (Appendix C).

The literature search output included publications estimating space requirements based on allometry (i.e. relating floor
space and animal body weight). Accordingly, equations to estimate space needed for feeding (i.e. linear trough space per
animal (m)), space needed for standing while feeding (m?) and space needed for lying (mz) were retrieved, as well as differ-
ent constant k-values where (see Equations 1 and 2) reported in the literature.

For feed troughs, Petherick and Phillips (2009) proposed the equation

L= kw3, ()

where L=feed trough length, W=liveweight and k is a constant of value=0.064.
To estimate the area needed for standing, the same authors proposed

A=kW3, )
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where A=area for standing, W=liveweight and k is a constant of value=0.02 (but other k-values have been proposed in the
literature (e.g. EFSA AHAW Panel, 2022b; Gallo et al., 2023).

These equations were discussed by the EFSA experts, as well as potential drawbacks of basing space allowance recom-
mendations solely on allometry. It was considered that allometry was suitable to estimate feed trough requirements in a
context where feed is provided ad libitum (i.e. feed is always available) because having all animals eating at the same time is
less necessary. For example, in groups of 16-33 animals, Schneider, Volkmann, Spindler, and Kemper (2020a) observed that
even at times of feed delivery not more than 40% of the animals were at the feed trough and that the average percentage
of animals eating rarely exceeded 20%. This was considered to allow for animals to keep larger inter-individual distances
and reduce group stress while feeding.

In contrast, it was considered that allometric equations for lying equated to very restricted lying areas with a conse-
quent impact on resting problems and group stress, not possible to mitigate other than by effectively increasing space
(Volkmann et al., 2021). A ‘behavioural model’ was then developed to estimate space allowance recommendations for lying
based on the assumptions that the available space should allow synchronous lying and inter-individual spacing behaviour.
Further details on the methodology followed are provided below.

2.2.3.2 | Behavioural model (space needed for lying)

One of the premises of the ‘behavioural model’ here described was that beef cattle will synchronise their lying behaviour
when space (and other resources such as feed) are not restricted. This assumptions were based on a review of studies
reporting synchronous behaviour and spacing behaviour in cattle (Section 3.3.3).

The main assumptions of the model were:

1. A group of beef cattle will show synchronous lying behaviour when space (and other resources such as feeding)
are not restricted. Schneider, Volkmann, Spindler, and Kemper (2020b) reported that, in 6 groups of 6-8 bulls kept
on slatted floors fully or partially covered with rubber mats, there were periods with all but one or two animals
lying or animals lying down directly after another individual took a standing position, indicating an attempt of
the group's individuals to synchronise lying behaviour.

2. Cattle are motivated to keep a certain inter-individual distance while lying (Gygax, Siegwart, & Wechsler, 2007; Gygax
et al., 2010; Kondo, Masato, et al., 1989; Kondo, Sekine, et al., 1989).

3. A proxy to quantify the space perception of cattle is to measure the distance between the heads of neighbouring cattle
(eye-to-eye). The space required to allow synchronous lying behaviour in a group of cattle can be quantified by estimat-
ing the average inter-individual distance between the heads of adjacent animals:

_ 24

n

d 3)

where d is the average distance between the heads of adjacent animals within a triangularisation, d, is the distance be-
tween the individual heads and n is the number of individual distances. A more precise approach would involve calculating
the average area of the ‘triangles’ formed between the heads of individual animals and deriving the side length d of an
equilateral triangle with an equivalent average area. This method is conceptually similar to computing the geometric mean
of the inter-individual distances.

The following assumptions were made on the shape of the pen:

4. The available space is represented as a rectangle with a length-to-width ratio denoted by A. The shorter side of
the rectangle is defined as ‘a’.

5. The distance from the midpoint of the animal's head to the side of the rectangle is set to w/2, corresponding to half the
body width (w) of the animal (Figure 1).

A*a

FIGURE 1 Assumptions made on the shape of the pen and on the relationship between cattle size and pen size parameters.
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The following assumptions were made on the distribution of cattle in a pen:

6. The necessary space is calculated with an even distribution of cattle having all the same distance between heads
to their neighbours.

7. The minimum inter-individual distance (dmin) of cattle allowing synchronicity of lying behaviour is used to calculate the
necessary space (Figure 2).

n represents the number of animals present in the pen.
E.g. for eight animals the necessary space is estimated as:

Number of animals: N =8 @)
Short side: a =2 x 0.866 X dpi, +W (5)
with 0.866 = /3 /4 (6)

Long side: Axa=3xXdy, +W 7)
Area of the pen: A = 4 x a? (8)
Area per animal: Z(N)=A/N 9)
Length-to-width: A=(Axa)/a (10)

L%

FIGURE 2 Distribution of eight animals in a pen following the model assumptions, i.e. an even distribution of cattle having all the same distance
between heads to their neighbours and a head-to-head minimum inter-individual distance.

Distribution of cattle in a pen following the same assumptions was also estimated for other group sizes (e.g. 3, 14 and 20
animals). Group sizes of 8, 14 and 20 animals were ultimately chosen because they reflect group sizes commonly practiced.
The corresponding diagrams for groups of 3, 14 and 20 animals are presented in Appendix E.

The developed model was discussed and agreed by the EFSA experts. However, as the behavioural model required
the estimation of the parameter dmin (minimum inter-individual distance cattle are motived to keep when lying synchro-
nously) for which there was no specific data available in the literature for beef cattle kept indoors, a ‘semi-formal’ expert
knowledge elicitation was carried out.

2233 | ‘Semi-formal’ Expert knowledge elicitation

An expert knowledge elicitation (EKE) was carried out to estimate the values that the parameter of interest (minimum inter-
individual distance cattle are motived to keep when lying synchronously can take. An EKE protocol, including an evidence
dossier, was put together by EFSA staff and EFSA experts and underwent several steps of review to include all available
evidence of interest for the EKE question. Table 1 presents the EKE question and other considerations discussed by the EFSA
experts to define the context to which recommendations would apply.
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The EFSA experts considered available scientific data reported in peer-reviewed scientific studies on lying behaviour; par-
ticular emphasis was given to studies reporting social spacing and inter-individual distances in beef cattle. A summary of the
studies considered by the EFSA experts is presented in the results section (see literature review of Section 3.3.3). In addition,
over 50 photographs of cattle lying in pens of different sizes were collected by the EFSA experts (based on their own photo-
graphs, photographs taken by their contact network or photographs available online). The photographs depicted cattle in a
lying position across various environments, including indoor and outdoor settings, slatted and bedded floors, and pens with
different space allowances. These visual materials were used to gather additional evidence on spacing behaviour in beef cattle.
Experts were asked to provide individual estimates for the lower and upper bounds (credible range), as well as the median
and interquartile range for the parameter of interest dmin. Each of these estimates was discussed by the EFSA experts and a
consensus was reached for each value. Following an evaluation of goodness-of-fit, a beta distribution was identified as the
most appropriate for dmin. The beta-distribution parameters were a=0.97751, 8=2.6953, a=1.95 and b= 14.3 corresponding to
shape parameters (a and 8) and upper and lower bounds of the distribution (a and b). After fitting the EKE derived values to the
selected beta distribution using 10,000 iterations, the behavioural model was run to estimate space allowance requirements.

TABLE 1 Background and assumptions taken in the context of the EKE on the effects of restricted lying space allowance on beef cattle welfare.

EKE components Definitions and assumptions

Wording of the mandate ‘Minimum space allowance at different resources (e.g. total space allowance and space needed in
bedding and resting areas, feeding trough space requirements)’

Interpretation of the mandate Recommendations are requested for three aspects: (1) linear feed trough space requirements (m/
animal), including space for standing while feeding (m?/animal); (2) lying area (m?/animal); (3) total
space allowance (m?/animal).

Feeding area requirements are calculated using allometry.

Lying area requirements are calculated through a ‘behavioural model’ that mimics the distribution of
cattle in a pen when lying. A key parameter of this model is the ‘inter-individual distance’ cattle
are motivated to keep while lying. Expert knowledge is used to estimate this parameter due to
the limited scientific evidence in the literature for indoor beef cattle. The parameter of interest in
the context of the EKE is hence the ‘minimum inter-individual head-to-head distance cattle are
motivated to keep while lying that does not impact the synchronicity of the lying behaviour' (dmin).

Total space allowance requirements are estimated by the area estimated for standing while feeding
and the area needed for lying. The area needed for standing while eating already considers the
recommendations for linear trough space. It was assumed that the total space allowance estimated
would allow for other activities (e.g. walking, brush use) when not all animals are lying.

Animal category Beef cattle, weighing 400-700 kg, held indoors in groups of 8 to 20

Husbandry system, context and Indoor pens.
assumptions

Beef cattle housed indoors in groups of 8, 14, 20 cattle.
Beef cattle with a slaughter weight of 400-700 kg.
Stable groups assumed (familiar animals).

Lying areas were defined as having a rectangular shape, with the rectangle long and short side sides
having a ratio of 1 to 1.5.

Synchronicity of the lying behaviour defined as 100% of the group lying at the same time.

Question What is the (average) minimum inter-individual distance to the nearest neighbours kept by cattle in the
lying area that does not impact the synchronicity of the lying behaviour (dmin)?
Unit [m]
2.2.34 | Estimation of total space allowance in a pen

The results from the assessment on feeding and lying areas were used to estimate total space requirements with the results
equally applying to two pen designs common in beef farming: pens with slatted floors and pens with a bedded lying area.
In pens with a bedded lying area the separation of functional areas is clearer than in fully slatted pens and the space behind
the trough is not used for lying because there is a dedicated lying area. In contrast to bedded pens, in fully slatted pens
there is no physical separation between the lying and the feeding area which theoretically allows animals to use the entire
space for lying. While in slatted pens the space in front of the feed trough could in theory be used for lying, it is often dirty
and the likelihood for displacements of lying animals by animals motivated to feed is high. Hence, it was considered that
this space would likely not be selected by the animals to lie down, and for this reason a dedicated lying area was considered
necessary in both slatted and bedded floor pens with no differences in estimated space requirements.

224 | Methodology used in ToR 2f

A literature search was conducted to identify the main reasons for culling cows (see details on the literature search in
Appendix C). In addition, available guidance from the Care4Dairy decision tree on ‘end of career cows’ was reviewed
(Care4Dairy, 2024). It was noted that the definitions used by EFSA and by Care4dairy differ:
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- In this Scientific Opinion, a cull cow was defined as: ‘dairy and suckler cows for which their primary productivity
(milk, calves) is considered insufficient. They may be sent to slaughter, kept for fattening or killed".

— The Care4Dairy (Care4Dairy, 2024) uses the term ‘end of career cows’ rather than cull cow and defines it as ‘cows consid-
ered to be at the end of their productive life, either due to natural culling, illness or injury".

Following a discussion of the Care4Dairy decision tree, the EFSA experts considered that a new tree was necessary to
address the specific questions of interest in this mandate.
In this context, the questions of interest were the following:

- In which instances can a cow be kept for fattening?
- What are the animal welfare considerations indicating whether a cull cow should be fattened, transported to a slaughter-
house or killed on farm?

These questions formed the basis for a new diagram to guide actions. This diagram was created by the EFSA experts
based on a discussion of likely scenarios and necessary steps to guide the decision of whether a cow leaving the productive
herd could be kept for fattening, sent to slaughter or killed. Gaps of knowledge and case examples reflecting different lev-
els of welfare impairment were also selected by the EFSA experts to demonstrate how the tree would be applied in those
cases.

The relevance of the outputs of the EURCAW on fitness for transport in this context was also discussed by the EFSA
experts.

2.2.5 | Methodology used in ToR 3

In ToR 3 EFSA was asked to provide a list of ABMs to be collected in slaughterhouses that can be indicative of the level
of welfare of fattening cattle while on farm. To shortlist the ABMs, EFSA developed a procedure that integrated differ-
ent aspects such as the relevance of the ABM to animal welfare, the relationship of the ABM with on-farm welfare (and
not transport, lairage or slaughter); existing data from the literature, and feasibility of the ABM for large-scale collection.
Considering the limited availability of published data on this topic, this assessment was based both on expert knowl-
edge and data from the scientific literature. This methodology was consistent with the methodology used in past EFSA
opinions that included a similar request from the EC (EFSA AHAW Panel, 2022¢, 2023a, 2023a, 2023d). Additional details
on the methodological steps are provided below.

The starting point was a list of 25 ABMs (11 ante-mortem and 14 post-mortem) that were potentially relevant for mea-
surement at slaughter in fattening beef cattle (i.e. fattening bulls, heifers and steers). This list was prepared by EFSA based
on relevant scientific literature (EFSA AHAW Panel, 2012a; Welfare Quality, 2023a) and on expert knowledge. For each ABM,
the preferred time of assessment (i.e. ante- or post-mortem) was identified.

TABLE 2 List of ABMs potentially relevant to collect in slaughterhouses for monitoring the level
of on-farm welfare of fattening beef cattle. The list was proposed by EFSA experts, with indication
of the preferred time of assessment (ante- or post-mortem). Description of ABMs is available in

EFSA (2023).

ABMs in beef cattle

Ante-mortem Post-mortem

_
_

. Body condition . Lung lesions — pneumonia

2. Lameness 2. Lung lesions - pleuritis

3. Skin lesions — wounds/injuries 3. Liver disorders

4. Skin lesions — abscesses 4. Pericarditis

5. Body cleanliness 5. Claw disorders

6. Coughing/sneezing 6. Skin lesions - bruises

7. Nasal/ocular discharge 7. Skin lesions — abscesses

8. Laboured breathing 8. Bursitis (swollen joints)

9. Rectal prolapse 9. Abomasal lesions

10. Hernia 10. Rumen lesions

11. Diarrhoea 11. Intestinal disorders
12. Mastitis

13. Carcass condemnations

14. Carcass aspect (conformation and fat cover)
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To gather information on their use in practice in the different MSs, the current use of the listed 25 ABMs (Table 2) was
discussed by the EFSA AHAW (Animal Health and Animal Welfare) Network (Animal Welfare topic) at their annual meeting
(EFSA, 2023). Specifically, information on ABMs currently recorded during ante- and post-mortem inspections of beef cattle
at the slaughterhouses in the different MSs, the existence of a database for the electronic recording of these ABMs, their
feasibility and any automated systems for their assessment was discussed (EFSA, 2023). Network members were asked to
score the provided ante-mortem and post-mortem ABMs; this resulted in a list of ABMs deemed useful to be recorded and
monitored in slaughterhouses.

Following the input gathered during the 2023 AHAW network meeting, the EFSA experts carried out a semi-quantitative
consensus exercise evaluating the ABMs of Table 2. The exercise consisted of two steps: (i) Screening of ABMs and (ii)
Selection of ABMs.

Step (i) Screening was carried out through an expert opinion exercise on the initial list of ABMs, on the basis of four
screening criteria (i.e. questions with a Yes/No answer):

1. Relevance to animal welfare: Is the ABM relevant to the WCs defined in this opinion (Table 3), and not only to
production and meat quality aspects?

2. Relationship with the farm (and not transport or lairage): Is the ABM indicative of WCs taking place on farm and not
caused or masked by transport, lairage or slaughter?

3. Existing data in literature: Do scientific publications describe the ABM, detailing methodologies, prevalence or the rela-
tion with on-farm WCs?

4. Feasibility for large-scale collection: Is the ABM already routinely collected or is there evidence that it could be collected
in a national programme?

As a precautionary principle, if consensus was not reached, the criterion was considered a ‘Yes'. Only ABMs that received
a 'Yes' for all criteria passed to the second step (Selection).
Step (ii) the Selection step consisted of a ranking of the ABMs based on the four criteria presented below.

The four criteria were:

1. WCs (C1): The EFSA experts identified which WCs (from the list of 33 WCs applicable to beef cattle, Section 2.3)
observed on farm could be associated with the selected ABMs (from the list in Table 2). To assign eAach ABM a
score, first the percentage of associated ABMs to the WCs was calculated by dividing the number of WCs asso-
ciated by the total number of WCs (n=26). The ABM was scored according to the percentage of WCs selected.
The following percentages were associated with the 4 different scores: (1) Score 1: From 1% to 14%; (2) Score 2:
from 15% to 29%; (3) Score 3: from 30% to 44%; (4) Score 4: from 45% to 58%.

2. Technology readiness (C2): Each ABM was evaluated for the known level of readiness of an automated system to be
adopted by the market, based on the technology readiness scale (Mankins, 1995).

3. Already used at slaughter (C3): The ABMs were scored according to the answers received from the exercises of the AHAW
Network (EFSA, 2023).

4. Priority given by the AHAW Network (C4): answers provided by MSs at the 2023 AHAW Network meeting were considered
and complemented with the knowledge from the EFSA experts.

For each of these criteria, the EFSA experts agreed on a score from 0 to 4, where ‘0’ means no association between the
ABM and the criterion (e.g. no association of the ABM with any WC in C1, no use of the ABM in a slaughterhouse context in
C3) and ‘4’ the highest score.

A weight was attributed by expert consensus to each criterion according to its importance in answering the request of
the mandate. The allocated weights were C1=3; C2=2.8; C3=2.5; C4=1.7. A final score (weighted score) was calculated
following the formula below:

(scorec; X weightc; ) + (scorec, x weightc, ) + (scorecs x weightcs) + (scorec, X weightc, )

a S am
Y weights
c4

Weighed score =

Based on the calculation of the weights above, a table listing the ABMs ranked by final weighted score was produced.
The final selection of ABMs was made by expert consensus aiming at a maximum number of five ABMs, considering the
mandate requestor's requirement.

Finally, each selected ABM was described with its definition (as reported in EFSA, 2023) interpretation, means of assess-
ment and arguments for the selection, based on scientific evidence found in the literature (see details on the literature
searches in Appendix C) and on expert knowledge.
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2.3 | Welfare consequences for beef cattle

Table 3 presents a comprehensive list of WCs potentially experienced by beef cattle that were used as a basis for the wel-
fare assessment presented in this document. This list was initially published in an EFSA methodological guidance docu-
ment for welfare assessment (EFSA AHAW Panel, 2022a).

TABLE 3 Listand definition of welfare consequences used as a basis for the welfare assessment presented in this document. These were initially
published in (EFSA AHAW Panel, 2022a).

Welfare consequence Definition
1 Bone lesions (including fractures and The animal experiences negative affective states such as pain, discomfort and/or distress due
dislocations) to fractures or dislocations of the bones (excluding those fractures leading to locomotor
disorders).
2 Cold stress The animal experiences stress and/or negative affective states such as discomfort and/or

distress when exposed to low effective temperature.

3 Eye disorders The animal experiences negative affective states such as discomfort, pain and/or distress due
to irritation or lesion or lack of function of at least one eye.

4 Group stress The animal experiences stress and/or negative affective states such as pain, fear and/or
frustration resulting from a high incidence of aggressive and other types of negative
social interactions, often due to hierarchy formation and competition for resources or
mates.

5 Gastro-enteric disorders The animal experiences negative affective states such as discomfort, pain and/or distress due
to impaired function or lesion of the gastro-intestinal tract resulting from for example
nutritional deficiency, infectious, parasitic or toxigenic agents.

6 Handling stress The animal experiences stress and/or negative affective states such as pain and/or fear
resulting from human or mechanical handling (e.g. loading/unloading).
7 Heat stress The animal experiences stress and/or negative affective states such as discomfort and/or
distress when exposed to high effective temperature.
8 Inability to avoid unwanted sexual The animal experiences stress and/or negative affective states such as pain and/ or fear
behaviour resulting from inability to avoid forced mating.
9 Inability to perform exploratory or The animal experiences stress and/or negative affective states such as frustration and/or
foraging behaviour boredom resulting from the thwarting of the motivation to investigate the environment

or to seek for food (i.e. extrinsically and intrinsically motivated exploration).

10 Inability to express maternal behaviour ~ The animal experiences stress and/or negative affective states such as frustration resulting
from the thwarting of the motivation to care for offspring, including during the pre-
partum/pre-laying phase.

n Inability to perform sucking behaviour The animal experiences stress and/or negative affective states such as frustration resulting
from the thwarting of the motivation to suck from an udder.

12 Inability to chew and/or ruminate The animal experiences stress and/or negative affective states such as frustration resulting
from the thwarting of the motivation to ingest sufficient amounts of fibrous feed or the
inhibition of rumination.

13 Inability to perform play behaviour The animal experiences stress and/or negative affective states such as frustration resulting
from the thwarting of the motivation to engage in social/locomotor or object play.

14 Inability to perform sexual behaviour The animal experiences stress and/or negative affective states such as frustration resulting
from the thwarting of the motivation to engage in sexual activities.

15 Inability to perform comfort behaviour The animal experiences stress and/or negative affective states such as discomfort and/or
frustration resulting from the thwarting of the motivation to maintain the function and
integrity of the integument (e.g. cannot keep clean, scratch, dust bathe).

16 Isolation stress The animal experiences stress and/or negative affective states such as frustration and/or fear
resulting from the absence of or from limited social contact with conspecifics.
17 Locomotory disorders (including The animal experiences negative affective states such as pain, discomfort and/or due to
lameness) impaired locomotion induced by, e.g. bone, joint, skin or muscle damage.
18 Mastitis The animal experiences negative affective states such as pain and/or discomfort due to the

inflammation of at least one of the mammary glands.

19 Metabolic disorders The animal experiences negative affective states such as inappetence, weakness, fatigue,
discomfort, pain and/or distress due to disturbed metabolism (e.g. acidosis and ketosis),
deficiencies in several nutrients (e.g. anaemia) or induced by ectoparasites affecting
metabolism or poisoning.

20 Motion stress The animal experiences motion sickness, stress and/or fatigue due to the forces exerted
as a result of acceleration, braking, stopping, cornering, gear changing, vibrations and
uneven road surfaces during transport.
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TABLE 3 (Continued)

Welfare consequence Definition

21 Muscle disorders The animal experiences negative affective states such as discomfort and/or pain due to a
disorder or lack of function of the muscles.

22 Predation stress The animal experiences stress and/or negative affective states such as fear and/or pain
resulting from being attacked or perceiving a high predation risk.

23 Prolonged hunger The animal experiences craving or urgent need for food or a specific nutrient, accompanied
by a negative affective state, and eventually leading to a weakened condition, as
metabolic requirements are not met.

24 Prolonged thirst The animal experiences craving or urgent need for water, accompanied by an uneasy
sensation (a negative affective state), and eventually leading to dehydration as metabolic
requirements are not met.

25 Restriction of movement The animal experiences stress and/or negative affective states such as pain, fear, discomfort
and/or frustration because it is unable to move freely, or to walk comfortably (e.g. due to
overcrowding, unsuitable floors, gates, barriers).

26 Respiratory disorders The animal experiences negative affective states such as discomfort, pain, air hunger and/or
distress due to impaired function or lesion of the lungs or airways.

27 Resting problems The animal experiences stress and/or negative affective states such as discomfort, and/or
frustration due to the inability to lie, rest comfortably or sleep (e.g. due to hard flooring
or vibration during transport). This may eventually lead to fatigue.

28 Reproductive disorders The animal experiences negative affective states such as pain and/or discomfort due to a
disorder of the reproductive system resulting from physical injury or infection (including
dystocia and metritis).

29 Sensory under- and/or overstimulation The animal experiences stress and/or negative affective states such as fear, discomfort due to
visual, auditory or olfactory under/ overstimulation by the physical environment.
30 Separation stress The animal experiences stress and/or negative affective states such as fear and/or frustration
resulting from separation from conspecifics.
31 Skin disorders (other than soft tissue The animal experiences negative affective states such as pain, discomfort and/or distress due
lesions and integument damage) to e.g. infections (e.g. dermatophytosis/ ringworm, pseudomonosis, staphylococcosis,
viral diseases), ectoparasites (e.g. mange), inflammation of the skin or sunburn.
32 Soft tissue lesions and integument The animal experiences negative affective states such as pain, discomfort and/or distress due
damage to physical damage to the integument or underlying tissues, e.g. multiple scratches, open

or scabbed wounds, bruises, ulcers, abscesses and hair loss. This welfare consequence
may result from negative social interactions (such as aggression), from handling, from
damaging environmental features or from mutilation practices (e.g. de-horning).

33 Umbilical disorders and hernias The animal experiences negative affective states such as discomfort and/or pain due to
inflammation of the navel or any type of hernias.

2.4 | Uncertainty assessment

The uncertainty in the assessment performed for this Scientific Opinion was investigated following the procedure de-
tailed in the EFSA guidance on uncertainty analysis in scientific assessments (EFSA Scientific Committee, 2018a, 2018b) and
EFSA guidance for the development of animal welfare mandates in the context of the Farm to Fork strategy (EFSA AHAW
Panel, 2022a).

The uncertainty relating to key conclusions was assessed through expert opinion. EFSA experts were asked to pro-
vide their individual judgement on the certainty for each key conclusion according to three predefined certainty ‘ranges’
(Table 4) (adapted from EFSA, 2019, Table 4). A ‘key’ conclusion was defined as any conclusion containing elements that
could potentially inform legislation on the welfare of beef cattle. For instance, a listing of WCs associated with lack of water
access was not considered a key conclusion, but a conclusion on water availability and amounts to prevent prolonged thirst
was. Group discussion took place during which experts had the opportunity to explain the rationale behind their judge-
ment, and a consensus on the category better reflecting the overall certainty was reached.

The uncertainty analysis related to the identification and description of current practices, the selection of the WCs and
their related ABMs was limited to the description of the potential sources of uncertainty, the nature or cause of the uncer-
tainty and the potential impact of the uncertainty on the assessment.

TABLE 4 Certainty ranges used to express certainty around conclusions statements.

Certainty ranges

Quantitative assessment >50% >66% >90%

Qualitative translation More likely than not From likely to almost certain From very likely to almost certain
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The main results of the uncertainty analysis are included in the main body of this document. Additional details are
presented in Appendix B, including the reasons for a lower certainty when the certainty categories >50% or >66% were
selected.

3 | ASSESSMENT

This Section presents the results of the welfare assessment carried out for ToRs 2a—e and ToR 3. The results related to ToR 1
(current housing practices used to keep beef cattle) were published elsewhere (EFSA, 2025).

3.1 | Beef cattle husbandry systems in Europe

Beef cattle husbandry systems differ widely within the European Union (EU) due to the diversity of geographic and climatic
conditions, housing and feeding systems, and genetics, and can be broadly classified into indoor, grass-based and feedlot
systems. The largest proportion of beef cattle reared indoors are loose housed in groups. Loose housing refers to a system
where animals are housed untethered in a pen, typically in groups, except for breeding bulls, which may be housed indi-
vidually. A detailed description of husbandry and housing practices is provided in a separate document addressing ToR 1
of the mandate (EFSA, 2025).

3.2 | Housing conditions (indoors)

This Section discusses current practices, main welfare consequences (WCs) and respective prevention and mitigation strat-
egies related to water access, flooring, nutrition and feeding, lack of outdoor access, lack of environmental enrichment,
lack of outdoor access, mixing of cattle and high environmental temperatures for housed cattle. The text focuses mostly
on fattening cattle as this is the animal category for which most evidence exists. Where data are also available for suckler
cows and suckler calves, this is mentioned in the text.

3.21 | Water access
3.21.1 | Current Practices

Water is provided to beef cattle via bowls, water troughs or tanks and nipple drinkers (see EFSA, 2025). Bowls hold a few
litres (from 0.5 to 3 L approximately) and are designed to serve one animal at a time. They may be self-filling to maintain
constant levels or provide water on demand through a lever mechanism. In contrast, water troughs or open tanks are ca-
pable of holding up to hundreds of litres and are usually self-filling. A nipple drinker is a cylindrical-shaped nozzle made
of plastic or metal; water is released into the animal's mouth when a valve rod is pushed. For images of bowl drinkers and
troughs, see EFSA (2025).

There is no legislation at EU level regarding water quality and contamination levels for livestock drinking water. Studies
on water quality and disinfection treatments for cattle (Llonch et al., 2023; Llonch, Verdu, Guivernau, et al., 2024; Llonch,
Verdu, Marti, et al., 2024) have been based on the limits for human consumption.9 The contamination of drinking water
with infectious agents can be reduced or eliminated by disinfection, which is becoming more common on farms that do
not use tap water. Chlorination is the most common treatment; however, as water pH plays a role on the efficacy of the
treatment process, acidification may be needed to achieve an effective disinfection. Chlorination alone or chlorination
with acidification reduces the total count of coliforms, Escherichia coli, Clostridium perfringens and faecal enterococcus
(Llonch et al., 2023). Other water disinfection treatments include the use of hydrogen peroxide or chlorine dioxide. Water
chlorination, without acidification or the addition of chlorine dioxide, were more efficient in eliminating coliforms than
water disinfection using hydrogen peroxide (Llonch, Verdu, Marti, et al. (2024).

3.21.2 | Welfare consequences

The WCs selected as highly relevant for housed cattle as a result of inadequate water access are ‘prolonged thirst’, ‘group
stress’ and ‘heat stress’. ‘Metabolic disorders’ were identified as a consequence of prolonged thirst and ‘respiratory
disorders’ as a consequence of group stress. The definition of each WC is available in Section 2.3 and the ABMs used to
identify and assess each WC are defined in Section 3.10.

°Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption. OJ L 330, 5.12.1998, p. 32-54.
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3.2.1.3 | Preventive and mitigating measures
3.21.3.1 | Prolonged thirst

Prolonged thirst occurs when animals cannot fulfil their water needs over extended periods of time due to limited water
availability or restricted access. Drinking behaviour can be assessed through drinking frequency, drinking duration and
water intake. These parameters will depend on animal-related factors (animal category, age and dominance rank), water
quality, environmental conditions (temperature and humidity) and drinker characteristics (type, flow and accessibility). This
Section addresses water volume requirements of beef cattle, water quality and drinker type, while recommendations on
the number of drinkers are provided under the Section 3.2.1.3.2 on ‘group stress’.

3.21.3.1.1 | Water requirements

Daily water requirements vary depending on animal size, production stage and age (Wagner & Engle, 2021) with heavier
animals having higher water intake requirements (Wagner & Engle, 2021; Winchester & Morris, 1956) and adult animals
tolerating longer periods without water than younger animals (Jensen & Vestergaard, 2021). Daily water intake is estimated
to be approximately three times the dry matter intake (DMI) (kg) under normal environmental conditions (< 14°C) (Ahlberg
et al., 2018; Wagner & Engle, 2021). Table 5 summarises daily water intake that can be expected for different beef animal
categories according to their body weight (BW), dry matter feed intake and environmental temperature. For instance at
4°C, heifers and steers of 360 kg are expected to drink 24 L/day, finishing cattle of 450 kg 33 L/day, suckler cows in the first
months of lactation 43 L/day, bulls of 635 kg 30 L/day (adapted from Wagner & Engle, 2021).

Water intake is also influenced by environmental conditions. Water intake increases with rising temperatures, from ap-
proximately three times the DMI at temperatures below 10°C to about five times the DMI at 26.6°C (Wagner & Engle, 2021)
(Table 5). Similar substantial increases have been observed in summer (with an average daily mean ambient temperature
of 21.4°C and average daily maximum ambient temperature of 27°C) compared to winter (with an average mean ambient
temperature of 4.2°C and average maximum ambient temperatures of —2.0°C) corresponding to up to 87% of the water
intake in winter (Arias & Mader, 2011). Moreover, water intake rises with decreasing humidity and increasing solar radiation
(Ali et al., 1994; Wagner & Engle, 2021).

For suckler cows, water intake also varies during lactation, with higher requirements during lactation compared to the
dry period (Appuhamy et al., 2016). Water intake also increases with milk yield, with each additional litre of milk produced
per day leading to an estimated increase of 1.3 L of water intake per day, as reported for dairy cows (Appuhamy et al., 2016;
Jensen & Vestergaard, 2021).

TABLE 5 Total daily water intake of different beef categories as a function of body weight (BW), dry matter intake (DMI) and temperature
(adapted from Wagner and Engle (2021) based on data from National Academies of Sciences Engineering Medicine (2016) and Winchester and
Morris (1956)).

Water intake, L/day

Animal category BW, kg Projected daily DMI, kg At4.4°C At 26.6°C
Heifers and steers 180-450 49-8.6 15.1-26.5 25.4-44.3
Finishing cattle 270-540 74-11.8 22.7-36.7 379-61.3
Cows nursing calves, first 3-4 months of lactation 410-500 11.3 43.2 67.8

Bulls 270-820 6.5-10.6 20.1-32.9 33.7-54.9

3.21.3.1.2 | Water quality

Indicators of water quality include faecal and microbial contamination, nitrates, salts and sulfate concentrations (Llonch,
Verdu, Guivernau, et al., 2024; Wright, 2007). Cattle have been found to avoid water sources contaminated with 0.005%
faecal matter when clean water was available (Willms et al., 2002) and to drink less water when contaminated water is the
only source (0.5 and 1 mg faecal matter/g water) (Schiitz, 2012). However, some studies have found that ruminants tolerate
a high bacterial load in drinking water (Beede & Myers, 2000; Jemison & Jones, 2002) but with a consequent decrease in
growth rates (Lardner et al., 2005; Llonch et al., 2023; Willms et al., 2002).

Cattle appear to show an aversion to sulfate salts in their drinking water. A high concentration of sulfates likely affects
the palatability of the water, leading to altered drinking behaviour and reduced consumption when cattle are exposed to
concentrations exceeding 4000 ppm SO, over an extended period (Zimmerman, 2003). Sodium sulfate (Na,SO,) seems
to reduce water intake at high concentrations (Lépez et al., 2021; Patterson, Johnson, Epperson, & Haigh, 2004) with a
reported reduction of water intake of 35% with an addition of 5000 mg/L for heifers (Weeth & Hunter, 1971) and of 9% for
4500 mg/L for yearling steers (Johnson et al., 2004). However, other studies showed no difference in water intake when
increasing sodium sulfate concentration up to 5000 mg/L (Digesti and Weeth (1976) for 2500 mg/L for heifers, Patterson,
Johnson, Ward, and Gates (2004) for 2608 mg/L for lactating suckler cows, Evans et al. (2024) of 5000 mg/L for beef heifers).
High concentrations of magnesium sulfate also reduce water intake (>4000 mg/L, Grout et al. (2006)).
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The source of water can influence water intake volumes. A preference study looking at water consumption and drink-
ing behaviour of cattle of eight different types of water (direct entry water, unaerated water, aerated water, coagulated/
chlorinated water, coagulated/ozonated water and three types of well water) in 2 groups of 12 yearling beef steers of ~300
kg in Canada concluded that the most consumed water type tended to be not chemically treated, and have sulfates and
total dissolved solid levels <2000 and 3000 mg/L, respectively, but this preference was not observed across all four trials
(Lardner et al., 2013).

3.21.3.1.3 | Drinker type

Cattle drink by suction at a rate of up to 24 L/min and prefer to drink from open water surfaces (reviewed by Jensen &
Vestergaard, 2021). Nipple drinkers do not allow natural drinking behaviour and have a very low flow rate. Bowls with low
water flow and volumes restrict normal drinking behaviour and can extend drinking time (Jensen & Vestergaard, 2021),
which in turn increases the risk of animals being displaced before they meet their water needs. According to Welfare
Quality assessment protocol for dairy cows, bowl water flow rates lower than 10 L/min are considered insufficient (Welfare
Quality, 2023b). In dairy cows, a review of evidence from different studies suggests that the water intake per bout and
the number of visits to the drinker are lower when cattle are offered water in troughs compared to bowls (reviewed by
Jensen & Vestergaard, 2021). A study investigating drinking behaviour in two groups of heifer calves after their arrival to
feedlots (with each group being of composed of 85 heifers weighing on average 250 kg and 235 kg) observed that each
heifer spent on average 7.9 min/day drinking over the 57-day study period split into a mean of 5.7 visits to the drinker
(Buhman et al., 2000).

Periodic water samples allowing to verify the quality of water regarding bacterial load and composition are especially
recommended for ground or surface water. The preferred drinker type from a welfare point of view are large volume
troughs allowing a drinking rate of up to 15-20 L/min. Bowls are not recommended because they have a small volume and
do not allow such a drinking rate. Considerations of the number, placement and accessibility of drinkers are important for
preventing prolonged thirst; these are discussed below.

3.21.3.2 | Groupstress

There are a few studies on the drinking behaviour of group-housed cattle but very limited data on the relationship between
water availability and group stress in beef cattle, with most evidence resulting from studies on dairy cows. It is known
that competition and social dynamics play a role in water access in cattle, with higher drinking activity and water intake
reported in dominant cows compared to subordinate ones (Andersson et al., 1984). A recent study concluded that higher
ranking dairy cows had fewer visits to the drinker, higher average daily water intake and higher number of visits to the
drinkers during peak competition time compared to cows ranked lower in the social hierarchy (Foris et al., 2024).

3.21.3.21 | Water flow and drinker accessibility

A review on drinking behaviour and free water intake of dairy cattle (Jensen & Vestergaard, 2021) observed that dairy
cattle housed indoors tend to visit the drinker 5-20 times a day, but this is highly dependent on drinker type (Jensen &
Vestergaard, 2021). Cattle with restricted water access tend to drink more at each drinking opportunity, however, this
increased intake per drinking bout may still be insufficient to meet their water needs (Payne, 1965; Schmidt et al., 1980;
Mulenga, 1994; Hatendi et al., 1996; Sibanda et al., 1997; as cited in Williams et al., 2016, p. 1088) because the rumen
volume limits how much water can be consumed at each drinking opportunity (Nicholson, 1989). When cattle are
housed, peaks of water intake are seen in association with feeding events (reviewed by Jensen & Vestergaard, 2021).
Social hierarchy dynamics also impact drinking behaviour and having additional drinking points could be a strategy to
reduce group stress. According to the Welfare Quality (2023b) protocol, one water bowl per 10 dairy cows or 6 cm of
trough length per cow is sufficient to meet their behavioural and physiological needs. In a study comparing the effects
of a lower drinker density (1 bowl per 10 cows) with a higher one (3 bowls per 10 cows) on the drinking behaviour and
number of displacements of dairy cows, it was concluded that dominant cows monopolised access to the drinkers and
drank on average 5 L more water when the drinker density was lower compared to when more drinkers were available
(Nizzi et al., 2023). Based on these results, the authors argued that such drinker densities (1 drinker per 10 cows) are
insufficient for dairy cows (Nizzi et al., 2023), but it is unknown whether this would apply to beef cattle as well. When
evaluating water intake depending on number of troughs provided, Marti et al. (2020) did not find an increase in water
intake in fattening bulls housed in partially open barns with 18 bulls/pen when provided with one water trough per
pen compared to two water troughs. These different findings may be due to the fact that water availability is higher
when it is provided via a trough than via a bowl.

For group sizes commonly observed in beef farming (8-14 animals per pen) the presence of more than one drinker per
pen reduces the risk of prolonged thirst in case of drinker malfunctioning or drinker dirtiness. Placing drinkers outside the
lying area (e.g. on one of the edges of the pen) facilitates access to them. It is recommended to provide at least 6 cm of
trough length per animal or a minimum of one water bowl per 10 animals.
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3.21.3.3 | Heatstress

For a discussion on the relationship between heat stress and welfare in housed cattle, see Section 3.2.7 on high
environmental temperatures. For a discussion on water requirements depending on temperature, see the Section 3.2.1.3.1
on ‘prolonged thirst'.

3.21.34 | Linked welfare consequences

‘Metabolic disorders’ are linked with ‘prolonged thirst’ because feed intake is reduced when water is restricted. Water
is involved in the ingestion, chewing, swallowing, digestion, absorption and transport of nutrients (Silanikove, 1992; Utley
et al,, 1970) and it has been estimated that restricting the volume of water ingested can reduce feed intake between 9%
and 16% (Williams et al., 2016). ‘Respiratory disorders’ are linked with ‘group stress’. This is particularly relevant in the
assembly centre before cattle are transferred to the fattening unit or upon arrival at the farm when animals are mixed
with individuals from other farms in the same pen. Shared access to water points across pens markedly increased the risk
of bovine respiratory disease (BRD) (odds ratio (OR) 4.3, 95% credible interval: 1.4-10.3) in a longitudinal study with 35,131
animals clustered within 14 feedlots in Australia (Hay et al., 2016). Another hazard identified was adding animals to pens
over multiple days compared to placing all animals in a pen in a single day, but with a lower OR (1.9, 95% credible interval
1.2-2.8) (Hay et al., 2016). The results of this study indicate that water troughs should be positioned in the middle of the pen
to avoid transmission of pathogens through water sharing across pens. This is especially relevant when cattle are sourced
from different origins or arrive from outdoor systems and are placed in pens (Hay et al., 2016). However, having drinkers in
the middle of the pens is not practical for cleaning, and may cause lower water intake as the drinker would be far from the
feeder. It may also cause more aggressive interactions due to the transit in the resting area.

3.21.3.5 | Welfare consequences relevant to suckler cows and suckler calves

‘Prolonged thirst’, ‘heat stress’ and ‘group stress’ were selected as highly relevant welfare consequences experienced by
suckler cows and suckler calves exposed to water restriction. The higher water requirements of a suckler cow are discussed
above. The water requirements of suckler cows nursing calves will likely be higher than that of fattening bulls in normal
environmental conditions (45 and 54 L for bulls and nursing cows at 3-4 months of lactation, respectively, when ambient
temperature is 14°C) (Wagner & Engle, 2021). It is estimated that on days warmer than 27°C), a suckler cow can drink up to
68 L a day (Wagner & Engle, 2021).

3.214 | Conclusions on water access

1. Water is an essential nutrient for cattle, with water requirements varying depending on age, size of cattle, pro-
duction stage, diet, feed intake and environmental conditions including temperature, humidity and solar radiation.

2. Cattle drink water by suction at a rate of up to 24 L/min. Water troughs allow natural drinking behaviour, while water

bowls have limited surface area, depth, volume and water flow. Volume and water flow are critical factors in ensuring

water availability.

Nipple drinkers typically have low flow rates and do not allow natural drinking behaviour (certainty >90%).

Highly relevant welfare consequences of restricted access to water are ‘prolonged thirst’, ‘group stress’ and ‘heat stress’.

5. Prolonged thirst occurs when cattle are unable to meet their water requirements due to excessive competition or re-
stricted access to water.

6. Competition for water increases, leading to group stress particularly for subordinate cattle, when availability is restricted
due to limited water flow, drinker size or number of drinkers. This can reduce water intake and increase the risk of injuries
(certainty >90%).

7. For dairy cows, a minimal drinking places:animals ratio of one drinker per 10 cows or 6 cm of water trough space per cow

is required to meet both their behavioural and physiological needs throughout summer and winter (certainty >66%).

Although specific data for beef cattle are lacking, this ratio is expected to suffice, given that dairy cows at the peak of

lactation have higher water demands than beef cattle.

Providing drinkers away from the lying area improves accessibility of drinkers (certainty >66%).

9. Reduced growth performance is associated with the ingestion of water contaminated with faeces, containing elevated
levels of pathogenic bacteria (certainty >90%).

10. Water quality is reduced by the presence of nitrates, sulfates and salinity.

H>w

©

3.21.5 | Recommendations on water access

1. Drinking water free from faecal and microbial contamination must be available at all times. Therefore, daily in-
spection and regular cleaning of water facilities are necessary.

2. Water troughs are preferable, and at least 6 cm of trough space per animal should be provided. Nipple drinkers are not
recommended.
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3. Aminimum of two water sources per pen should be available to reduce the risk of prolonged thirst in case of malfunction-
ing or dirtiness.

4. In case water bowls are used, sufficient water flow should be maintained and at least one water bowl should be provided
for each 10 animals.

5. Positioning drinkers near service aisles and in proximity to feeders enhances animals' access, ease of maintenance and
inspection.

6. To ensure water quality, water should be periodically analysed, particularly when the water sources are wells, rivers, lakes
or reservoirs. If water quality is compromised due to microbial contamination, elevated concentrations of nitrates, sul-
fates or high salinity, appropriate water treatments should be carried out.

3.2.2 | Flooring
3.2.21 | Current Practices

Floor types used in beef cattle loose housing can be broadly classified into three main types: concrete slatted floors, con-
crete slatted floors covered with rubber mats and bedded floors. Hard and dirty floors are the main hazards identified in
this context.

3.2.2.1.1 | Solid floors, concrete slatted floors (CSFs) and CSFs covered with rubber mats (RMs)

Solid floors are typically made of concrete and are usually bedded with loose material such as straw, sawdust, wood
chips or, more rarely, sand (Lensink et al., 2013). Straw is the most common bedding material (Lensink et al., 2013; Schulze
Westerath et al., 2009). The use of litter requires its regular renewal to not impair the cleanliness of the animals. In sloped
floor systems, the bedded resting area may have a slope of between 8% and 10% and the mixture of manure and bedding
material is gradually pushed downwards by the trampling of cattle. The manure is then removed from the lowest point
while clean straw is added to the highest areas (Schneider, 2020).

CSFs consist of concrete sections separated by gaps, which can be either narrow and long, or consist of broader panels
with shorter sections (sometimes also called ‘waffle slats’). CSFs are suspended above slurry pits or channels to facilitate the
drainage of liquids and faecal material. Housing beef cattle in CSFs is a common system in the European Union. However, in
recent years there has been a tendency to cover or replace CSFs with specially constructed slatted RMs designed to match
the gap profile of the concrete slats to improve animal comfort and facilitate locomotion (Figure 3).

In most beef cattle housing systems, the type of flooring does not differ between feeding and resting areas. However,
there are also systems with a differentiated lying area that feature straw-bedded areas alongside solid or slatted sections
in the feeding area.

There is considerable evidence on cubicle housing of dairy cows (EFSA AHAW Panel, 2023b), but there is limited knowl-
edge on the number of beef cattle housed in cubicle systems, and whether bedding materials or RMs are used in these
cases (Lawrence et al., 2022). Some suckler cows and their autumn-born calves are housed in cubicles with a straw-bedded
cubicle base and a calf creep feed area. When male fattening cattle are housed in cubicles, RMs are the most common
cubicle base.

FIGURE 3 Beef cattle housed in a pen with concrete slatted floor covered with rubber mats (© Giulio Cozzi).
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3.2.2.2 | Welfare consequences

The WCs selected as highly relevant for housed cattle as a result of hard and slippery flooring are ‘resting problems',
‘restriction of movement’, ‘soft tissue lesions and integument damage’, ‘locomotory disorders (including lame-
ness)’ and ‘respiratory disorders'. Restriction of movement is linked with the ‘inability to perform comfort behaviour’,
‘inability to perform sexual behaviour’ and ‘inability to perform play behaviour’. Resting problems are linked with
welfare consequence ‘inability to chew and/or ruminate’. The presence of anti mounting devices in beef indoor pens is
associated with the welfare consequence ‘inability to perform sexual behaviour’. The definition of each WC is available in
Section 2.3 and the ABMs used to identify and assess each WC are defined in Section 3.10.

3.2.2.3 | Preventive and mitigating measures
3.2.2.31 | Resting problems, restriction of movement and inability to chew and/or ruminate.

This section discusses resting problems and restriction of movement resulting from flooring characteristics. For a discussion
of the impact of restricted space allowances on resting problems see Section 3.3 on minimum space allowance.

3.2.2.311 | Floor hardness and slipperiness

Hard flooring has been associated with poor lying comfort including changes in the lying down and standing up move-
ments, and slippery underfoot conditions increase the risk of slipping, injury and abnormal transitions between postures.
Some of the most important ABMs to evaluate these aspects are the duration of standing and lying behaviour, the number
of lying bouts, and deviations from the normal movements involved in getting up and lying down (Absmanner et al., 2009;
Elmore et al., 2015; Haley et al., 2000; Lidfors, 1989). Studies evaluating resting problems and restriction of movement have
focused mostly on a comparison of the behaviour of animals kept on CSFs, CSFs covered with RMs and bedded floors.
These are discussed below.

There is evidence from experimental studies that CSFs can cause beef cattle to change their normal lying down and
standing up movements compared to CSFs covered with RMs or bedded floors. Compared to CSFs, RMs flooring facilitates
natural standing up and lying down movements of fattening cattle by providing more grip during those movements and
reducing pressure on carpal joints (Platz et al., 2007). It has also been shown that compared to CSFs, RMs improve bulls'
confidence to stand and move (Cozzi et al., 2013). The frequency of atypical transitions, lying down interruptions or vari-
ables showing discomfort were observed to be more frequent in bulls housed on CSFs compared to RMs pens (Absmanner
et al., 2009; Brscic et al., 2015; Gygax, Mayer, et al., 2007). Bulls housed on CSFs performed transitions more cautiously as
the fattening cycle progressed (Magrin, Gottardo, Brscic, et al., 2019), and got up less frequently after reaching 15 months
of age (Platz et al., 2007). Similar observations were reported in further studies (Absmanner et al., 2009; Andreae, 1979;
Andreae & Smidt, 1982; Magrin, Gottardo, Brscic, et al., 2019; Platz et al., 2007). Bulls housed in pens with CSFs had more
lying down interruptions (Absmanner et al., 2009; Brscic et al., 2015; Gygax, Mayer, et al., 2007). Fewer lying down inter-
ruptions and a higher frequency of lying bouts are interpreted as an indication of less hesitancy and more confidence in
changing positions. Other effects reported in bulls housed in RMs compared to CSF pens include less inactivity and resting
time, increased social interactions and a lower proportion of animals treated for locomotory problems (Brscic et al., 2015).
However, an association between RMs flooring and dirtiness of coats has also been reported, likely due to the smaller
draining gaps of RMs flooring compared to CSFs (Brscic et al., 2015).

The effects of bedded flooring on beef cattle lying behaviour have also been researched. Steers kept on straw displayed
less abnormal movements during these transitions and tended to lie down and stand up more frequently than when kept
on CSFs (Graf, 1984). Similarly, finishing bulls on straw bedded solid flooring had a higher number of lying bouts and a
lower proportion of interrupted lying down and standing-up movements (Gygax, Mayer, et al., 2007a) compared to both
CSFs and RMs. Straw flooring was associated with a higher number of short standing bouts compared to RMs, and these
were higher in RMs than in CSFs. However, no differences in total lying time were observed across the three floor types
(Gygax, Mayer, et al., 2007a; Keane et al., 2018a). The fact that straw was associated with a higher number of lying bouts
and short standing bouts compared to rubber-coated slats was interpreted as indicating that the quality of the straw lying
surface was higher than RMs. No differences in lying time across different types of floor were also reported in a more recent
meta-analysis on the relationship between floor properties and beef cattle lying behaviour.

In summary, these studies indicate that compared to CSFs, RMs mitigate some of the resting problems and restriction
of movement observed in CSFs, but RMs increase animal dirtiness compared to CSFs. Additionally, while overlaying CSFs
with RMs improves traction, RMs do not provide as comfortable a lying area as straw bedding, which is associated with the
highest comfort and less resting issues. RMs therefore cannot be considered equivalent to straw bedding. Hence, straw
bedded floors are the preferred option to avoid restriction of movement and allow comfortable resting.

3.2.2.31.2 | Cubiclefloor slope

The effect of the lying area slope on the behaviour and dirtiness of fattening bulls using cubicles with three different mat
types (@ RM with nubs on the underside; a waterproof textile mattress, with tubes filled with granulate on the underside; a
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foamed mat) was examined in a cross-over study (Schulze Westerath et al., 2006). The slope of the lying area was 3, 5, 8 and
10%. The authors concluded that a 5% slope of the lying area was optimal in cubicles for fattening bulls as a compromise
between lying area dryness and lying comfort. The daily lying time decreased with steeper lying area slope on two of the
mat types studied (RM and mattress), indicating a decrease in lying comfort. A study on dairy cows showed a preference for
a flooring with a slope of 3% over one with 10% (Van Hoof, 2018), while in the study from Wilson et al. (2022) cows did not
show a clear preference between a free-stall area with a slope of 4.5% and one of 9.3%. However, when using the steepest
stalls, cow spent less time lying down and ruminating (Wilson et al., 2022). Therefore, a lying area with a slope between 3
and 5% seems to better suit the behavioural needs of cattle.

3.2.2.3.2 | Softtissue lesions and integument damage and locomotory disorders (including lameness)

Another issue of CSFs is that this type of flooring is often associated with injuries (Brscic et al., 2015; Platz et al., 2007) such
as tail tip lesions, and carpal and tarsal joint lesions.

3.2.2.3.21 | Floortype and tail tip lesions.

Tail tip necrosis was reported in farms with bulls housed in slatted floors (Madsen & Nielsen, 1985). Tail trampling due to
close confinement most likely causes the initial lesion, but hard flooring such as CSFs, hot season and BW above 200 kg
contribute to its development and severity (Madsen & Nielsen, 1985). Schrader et al. (2001) also reported that the frequency
of severe tail tip lesions in fattening bulls was highest on slatted floors and lowest in straw floors. CSFs have also been iden-
tified as a risk factor in a USA survey, where ‘producers with slatted floor barns were 19.8 times more likely to have animals
treated or slaughtered for tail tip necrosis than were those with solid floor’ (Drolia et al., 1991).

Space allowance also plays a role on the tail tip lesions formation (Ingvartsen & Andersen, 1993). More tail tip lesions
were observed in smaller pens compared to larger pens (i.e. from 1.77 m*/animal to 3.73 m*/animal) and the number of
lesions increased with a higher live weight of bulls (from 150 to >500 kg) (Schrader et al., 2001). Other studies reported
that lower space allowances (from 1.4 to 3.1 mz/animal) led to more serious tail lesions (Andersen et al., 1997), and that the
incidence of severe tail lesions was higher in animals housed on CSFs or animals first housed on straw bedding followed by
CSFs, compared to rubber-coated slatted floors or straw-bedded floors (Rouha-Muelleder et al., 2012). In sum, the develop-
ment of tail-tip injuries in beef cattle is more likely if animals are kept in CSFs and the risk increases if these are combined
with a reduced space allowance and with a high live weight of the animals.

3.2.2.3.2.2 | Floortype and carpal and tarsal joint lesions

The carpal joints of fattening bulls that had been housed either on concrete or rubber-coated CSFs from 6 to 16 months
of age were examined at slaughter (Wierenga, 1990). The mean damage score of the carpal joints of bulls housed on con-
crete was 2.7 compared with 2.1 for bulls on rubber-coated slats. However, this result is difficult to interpret as the scoring
system ranged from 0 to 3, and the difference was not tested statistically. The quality of different lying surfaces on lesions
and swellings at the carpal and tarsal joints on 623 bulls was examined in a further study (Schulze Westerath et al., 2007);
bulls housed on straw had the smallest lesion scores at the joints, while CSFs had the highest lesion scores at the carpal
joints, with intermediate values on RMs and in cubicles (provided with five different types of soft lying mats). At the tarsal
joints, lesion scores were similar on CSFs and RMs and in the same range or worse on most mats in the cubicles (Schulze
Westerath et al., 2007). A similar observation was reported in a study where bulls housed on CSFs had most carpal joint
lesions compared to those housed on RMs, on straw, or on a combination of straw and CSFs (Rouha-Muelleder et al., 2012).

According to Magrin, Gottardo, et al. (2020), a small difference in the dimension of slot openings and slat width on fully
RMs pens (Control: 30 x 100 mm vs. Test: 35X 90 mm) led to a slight tendency to develop more swellings on bulls" hock and
carpus (0.55% Control vs. 3.18% Test). The authors suggested that ‘the slight reduction in slat width of test floors could have
decreased the contact area between joints and the ground, increasing the pressure and friction at the hock level’ (Magrin,
Gottardo, et al., 2020).

3.2.2.3.2.3 | Floortype and lameness

One of the key factors contributing to the development of lameness in beef cattle is the type of flooring. However, as there
is often an interaction between flooring types and space allowance, this can lead to confounding effects in some studies.
Nutrition may also play a role on lameness development; this is discussed in Section 3.2.3.

A survey study in 18 farms (nine with slatted floors and nine with straw bedding) from 1983 reported that the incidence
of lameness was 4.75% among steers housed on slatted floors and 2.43% among steers in straw yards. Septic traumatic
pododermatitis following hoof penetration and cellulitis of the limb were more prevalent among cattle kept on slatted
floors, whereas general necrotic lesions were more common in cattle kept in straw-bedded pens (Hannan & Murphy, 1983).
A further cross-sectional study on fattening bulls kept in bedded housing systems in a total of 63 farms in Austria, Germany
and ltaly (housing from 41 to 700 animals) revealed similar average lameness prevalences (1.8%-2.3%, range 0%-23%;
Kirchner et al., 2014). The prevalence of locomotor apparatus diseases in one large farm (data collected from about 18.000
animals over a one-year period) in Italy with straw bedded pens was 3.97% for intact bulls (Compiani et al., 2014). A more

35U9017 SUOLLUOD SA1ER.D d|qedt|dde au} Aq pausenof a1e SSpie VO 8Sn JO S9|N. 10} AReig 1T UIjUO 8|1/ UO (SUOIPUOD-PpUe-SWLRIAL0D A8 | 1M Ae.q 1 [eu1|UO//SARY) SUORIPUOD pue SLd | 3U} 835 *[G20e/L0/TE] uo Ariqiauliuo (1M ‘elfelpueIyd0D Aq 8156'G202 es " /€062 OT/I0p/W0d A8 | 1M Ake.q Ut U0 es jo//Sdny Wo.y papeojumoq ‘. ‘Ge0g ‘ZELYTEST



WELFARE OF BEEF CATTLE | 330f195

recent study published in 2019 reported that the prevalence of mild lameness in bulls on eight Italian finishing farms was
not affected by flooring type (1.23% overall), however severe lameness (requiring the early culling of the animal) was more
prevalent in CSF pens (1.86%) than deep litter pens (0.56%) (Magrin, Gottardo, Brscic, et al., 2019). Regardless of the type
of flooring system, it has been reported that the claw condition of fattening bulls deteriorates with increasing BW (Stanek
et al,, 2004) and age (Fjeldaas et al., 2007).

Oehme et al. (2018) showed that claws bore lower pressure loads on RMs compared with concrete, which may lead to a
reduction of mechanically induced claw lesions. Conversely, in dairy cattle the low abrasiveness of RMs was shown to in-
crease the occurrence of overgrown claws at the toe level resulting in longer dorsal walls and diagonal lengths compared
to concrete flooring (Telezhenko et al., 2009). Wechsler (2011) has reiterated this fact suggesting that soft floors cause in-
sufficient claw wear resulting in impaired claw health.

However, on RMs with incorporated corundum and radial profile in dairy cow cubicle houses, skid resistance and step
length were increased and the length of slides decreased in comparison to plain RMs (Péllinger & Zentner, 2016). It can be
presumed that increased roughness of the floor also leads to increased hoof wear, although it must be kept in mind that
floor abrasiveness may be reduced under long-term use (Steiner et al., 2011). These authors recommend equipping about
20% of the floor area in dairy cattle barns with abrasive materials to ensure sufficient claw wear. However, it must be con-
sidered that loose housed dairy cows walk longer distances than beef cattle that are usually kept in smaller groups and at
lower space allowances. Floor abrasiveness is relevant also because functional claw trimming is not a routine practice in
beef cattle (due to the short fattening cycle and the high risk of injury to the trimmers) (Tunstall et al., 2021).

3.2.2.3.24 | Slats design and lameness

Kirchner et al. (1987) investigated the loading on the claws in relation to different types of slatted floors. If the foot is placed
partially over a space between the slats, the loading on the parts of the soles that are in contact with the slats is increased.
Fattening bulls of 450 kg BW were measured to have a mean footing contact area of 53 cm?, and by increasing the width of
the slots in a slatted floor from 15 to 25 mm, the mean pressure on the soles of the claws rose from 2.36 to 3.02 Pa. Kirchner
et al. (1987) observed that, at a pressure below 2.5 Pa, claw health was apparently not affected.

Magrin, Gottardo, et al. (2020) compared two rubber covered concrete slatted floors, different dimensions of slot open-
ings and slat width (Control: 30 and 100 mm vs. Test: 35 and 90 mm) regarding claw disorders in fattening bulls. Interdigital
hyperplasia and white line fissure were detected only in Control pens (2.6%). Overall, a higher prevalence of asymmetric
claws was observed in Control pens, even though corkscrew (6.67%) and scissor claws (10.0%) were only found in Test bulls.
Overall differences in slat design and slot width did not seem to affect claw health and disorders given their low prevalence
(Magrin, Gottardo, et al., 2020). These results do not provide sufficient basis for specific recommendations on slat opening
dimensions and slat width when rubber covered slatted floors are used.

3.2.2.3.2.5 | Floor cleanliness and lameness

The cleanliness of flooring is an important factor for claw health in terms of infectious diseases and slipperiness of flooring
surfaces because the friction of a surface does not only depend on the type of surface but also on its self-cleaning proper-
ties, e.g. size of slots or the cleaning frequency. Although no specific studies on the relationship between floor hygienic
conditions and lameness in fattening beef kept indoors were found, studies in feedlots indicated that when the floor be-
came muddy or very humid, the skin of the claws softened and this increased the risk of claw lesions and infections (Currin
etal., 2005; Stokka et al., 2001). Dirtiness of the floor has also an effect on integument cleanliness (see also Section 3.2.2.3.4
on ‘inability to perform comfort behaviour’).

3.2.2.3.3 | Respiratory disorders

The type of flooring plays an important role in air quality. Particulate matter (dust) can be released from bedding materials,
but this will ultimately depend on the straw quality and litter management (e.g. they ways in which straw is placed in the
pen). In turn, noxious gases can be released from urine, faeces, hair and skin residues that accumulate on solid floors or on
the surface below the slatted floors (Cambra-Lépez et al., 2010).

To the authors' knowledge the only studies focusing on the relationship between concentrations of particulate mat-
ter and indicators of respiratory disorders were carried out on calves. The endotoxin concentration in 47 calf-rearing
farms with solid concrete floors bedded with straw (with the exception of one farm which had slatted floor combined
with a straw bedded floor) ranged widely (range: 2.32-901.0 Endotoxin Units (EU)/m>and 0.03-30.3 EU/ug). A cut-off of
8.5 EU/ug in the dust mass was suggested to predict the presence of mild lung lesions (= 1 cm consolidation assessed
by thoracic ultrasonography) in calves (van Leenen et al., 2021). An earlier study based on cross-sectional data from
60 farms by the same authors reported a relationship between a prolonged exposure to >4 ppm of ammonia with an
increased risk of such mild lung lesions in calves (van Leenen et al., 2020). This cut-off value is just under the one pro-
posed by Lundborg et al. (2005) who suggested that exposure of calves to ammonia concentrations > 6 ppm increases
the risk of respiratory diseases. No studies on appropriate levels of ventilation to avoid poor air quality are known to
the authors.
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3.2.234 | Linked welfare consequences

Restriction of movement is linked with the ‘inability to perform sexual behaviour’. The inability to perform sexual
behaviour is mainly related to inappropriate flooring, with bulls and cows being unwilling to mount when housed on
slippery surfaces. A higher flooring traction improves bulls' confidence to exhibit a greater number of mounting events
compared to CSFs (Cozzi et al., 2013). While several studies reported a greater number of mountings in bulls housed on RMs
than in bulls housed on CSFs (ElImore et al., 2015; Magrin, Brscic, et al., 2020; Ruis-Heutinck et al., 2000), this was not observed
by Platz et al. (2007) who observed similar number of mountings across both types of flooring. Mounting frequency was
higher in beef cattle housed on straw compared in CSFs (Absmanner et al., 2009).

3.2.234.1 | Anti-mounting devices

Although not strictly linked to flooring, it was considered important to also discuss other housing aspects that result in
the inability to perform sexual behaviour as it is the case of ‘anti-mounting devices (Figure 4). Such anti-mounting devices
consist of three or four horizontal bars running across the pen and placed at a height circa 30-40 cm above the withers of
the animals. These are still used in MS such as Austria, Germany (although currently being phased out) and France. A fatten-
ing animals will also experience inability to perform sexual behaviour when anti-mounting devices are present. Although
no information was found in the literature on the welfare consequences of such devices, they fully restrict mounting and
should not be used.

FIGURE 4 Anti-mounting devices in a beef cattle pen (© Florian Krottenthaler).

Restriction of movement is also linked with the ‘inability to perform comfort behaviour’ when flooring is slippery
and does not provide sufficient grip for cattle to keep balance or easily change posture. Comfort behaviour is more
frequently expressed by animals housed on RMs overlaid on CSFs compared to bare CSFs, due to improved traction
(Absmanner et al., 2009; Elmore et al., 2015; Magrin, Brscic, et al., 2020; Platz et al., 2008). However, the effect of flooring
on comfort behaviours was not consistently observed across studies. Floor type did not affect social, stereotypic or
self-grooming behaviour of cattle (Lowe et al., 1999; Smits et al., 1995), nor were differences on the frequency of groom-
ing observed in cattle housed at 3 m? per animal in either deep littered floor (straw) or CSFs (Gottardo et al., 2003).
No differences were observed on the frequency of behaviours such as caudal licking on three or on four legs in bulls
housed in either CSFs, RMs and straw bedded pens during their fattening cycle (Absmanner et al., 2009). The inability to
perform comfort behaviour may be more severe in dirty floor conditions which lead to soiling of the hair coat and skin
which in turn may result in itching. RMs have been associated with poorer hygienic conditions and higher frequency of
dirty animals compared to CSFs due to a reduced total draining gap surface of the floor (Brscic et al., 2015; McGettigan
etal,, 2022). In line with this, Lowe et al. (2001) reported cleaner animals accommodated on rubber strips placed directly
over slats compared with those accommodated on holed RMs posed over the slats, as the former had a greater drain-
age area. Bedded pens provide good grip and prevent the inability to perform comfort behaviour; but as they tend to
accumulate more dirt than CSFs or RMs, a frequent cleaning and renewal of the bedding material is important to ensure
animal cleanliness (Iglesias et al., 2018).

Restriction of movement resulting from slippery flooring is also likely linked with the ‘inability to perform play be-
haviour’ (specifically locomotor play) because floors with minimal traction are likely to hamper play behaviour. Although
no specific studies on the relationship between play behaviour and flooring conditions were found for housed cattle, re-
sults from studies in other cattle categories (such as calves) suggest this may also impact fattening cattle. For a discussion
on this aspect, see Section 3.2.4 on lack of outdoor access.
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3.2.2.3.5 | Welfare consequences relevant to suckler cows and suckler calves
No additional welfare consequences related to flooring were identified specifically for suckler cows and suckler calves.
3.2.24 | Conclusions on flooring

1. Flooring systems are broadly classified into concrete slatted floors (CSFs), CSFs overlaid with rubber mats (RMs)
and bedded floors.

2. Bedded floors usually have a concrete base with loose material on top. Straw is the most common bedding material for
fattening cattle accommodated indoors, but sawdust, wood chips or more rarely sand are also used.

3. CSFs are acommon type of flooring system in fattening cattle but in recent years there has been a tendency to overlay
the slats with rubber mats.

4. Highly relevant welfare consequences of hard and slippery floors are resting problems, restriction of movement,
soft tissue lesions and integument damage, locomotory disorders (including lameness) and respiratory disorders.
Restriction of movement is linked with the inability to perform comfort behaviour, inability to perform sexual behav-
iour and inability to perform locomotor play behaviour. Resting problems are linked with the welfare consequence
inability to chew and/or ruminate.

5. CSFs cause animals to change their normal lying down and standing up movements. This results in more time standing
on CSFs than in RMs or bedded floors (certainty >90%).

6. The risk of lameness is higher on CSFs than on bedded floors due to the hard slippery floors and gaps between the slats
(certainty >90%).

7. Resting problems are more frequent in CSFs and RMs compared to bedded floors with clean bedding (certainty > 90%).

8. In addition to allowing comfortable resting, clean straw bedding provides an opportunity to ingest fibre, chew and
ruminate (certainty >90%).

9. The risk of slipping and injury is higher on CSFs (certainty >90%) compared to RMs and bedded floors.

10. Restriction of movement due to slippery floors is mitigated by overlaying CSFs with rubber mats (certainty >90%). The
positive effect of RMs is more pronounced in heavier than in lighter cattle (certainty >90%).

11. RMs improve the resting of beef cattle compared to CSFs. The frequency of lying down interruptions or deviations from
the normal getting up and lying down movements is lower on RMs (certainty >90%) compared to CSFs.

12. While RMs improve traction, they do not provide as comfortable a lying area as straw bedding and cannot be considered
equivalent to straw bedding (certainty >90%).

13. RMs with low abrasiveness can lead to an increase in the occurrence of overgrown claws compared to CSFs (certainty
>90%).

14. Cleanliness of flooring is an important factor in claw health in terms of infectious diseases and slipperiness of flooring
surfaces (certainty >90%). If concrete slatted floors are covered with rubber mats, the drainage area/void space may be
reduced, leading to increased soiling (certainty >90%).

15. The prevalence of skin lesions on the limbs and the tail is greater in cattle housed on CSFs compared to RMs and bedded
floors (certainty >90%).

16. Due to the higher flooring traction, more sexual and comfort behaviour is shown in animals housed on RMs and bedded
floors compared to CSFs (certainty >90%).

17. High levels of particulate matter, noxious gases and infectious agents in the air increase the risk of respiratory disorders.

3.2.2.5 | Recommendations on flooring

1. A choice of different floors for different activities appears to be the best way to improve welfare. Where possible,
provide bedded solid floors in the lying area in preference to concrete slatted floors.

2. The quantity and replenishment frequency of straw bedding should ensure dry underfoot conditions and animal cleanli-
ness, and also facilitate foraging, exploratory, resting and comfort behaviours.

3. High-quality straw litter (i.e. dry litter with low levels of particulate matter) should be used to minimise the emission of
dust and mould. Studies on the amounts of other bedding materials should be carried out.

4. Overlay concrete slatted floors with non-slip rubber mats, keep them clean and make sure the drainage area/void space
allows sufficient drainage.

5. Cubicles are not recommended for growing and fattening cattle because there is a risk that cubicle dimensions do not
match the animal size due to the dynamic growth of fattening cattle and increase risk of soiling in male animals.
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3.2.3 | Nutrition and feeding
3.2.31 | Current Practices
3.2.3.1.1 | Feeding practices - fattening cattle

Young beef bulls and heifers under intensive production are usually raised in their suckler farms of origin and then
transferred to the fattening farms to complete their growing cycle (Herve et al., 2020). Upon arrival to the fattening farms,
beef cattle are transitioned from forage-based to concentrate-based diets during the early finishing period. After the
completion of this adaptation to the new feeding regime cattle are fed high-concentrate diets with limited amounts of
forage to maximise daily gain (Campbell et al., 1992).

For this reason, concentrate feeding is integral to beef production systems, especially during indoor winter periods,
as well as while on pasture, particularly in autumn at the end of grass vegetative stage. Concentrates play a vital role in
achieving performance targets. Increasing concentrate levels in the diet reduces forage intake (due to substitution effects)
but promotes daily and carcass weight gains.

Feed for fattening cattle is usually provided as a total mixed ration (TMR) in order to ensure a balanced nutrient intake.
TMR comprises a mix of forage and concentrate with ratios ranging from 45:55 to 10:90 (Cozzi & Gottardo, 2005; Nagaraja
& Titgemeyer, 2007). The daily diet is generally offered in a single delivery, but to prevent sorting towards out some com-
ponents of the TMR it is either delivered several times a day (e.g. using machinery) or via automatic feeding systems. Some
fattening systems provide the concentrate and a source of forage (often straw) in separate feeders, leaving cattle the free
choice of intake (Verdu et al., 2015, 2017).

3.2.3.1.2 | Feeding practices - suckler cows

Suckler cows' diets are mainly based on forage, are lower in energy and tend to be of lower quality (e.g. lower quality silage)
than those of fattening beef cattle. In grass-based systems, to match feed demand and feed supply, the average calving
date is typically around mid-March to coincide with the start of the grass grazing season. The mobilisation and deposition
of body reserves are key components of suckler cow nutrition, whereby cows mobilise body fat during the indoor winter
period and replenish it again post-turnout to grass (Drennan & Berry, 2006; Drennan & McGee, 2009). Central to feeding
suckler cows kept indoors is having them in optimum body condition pre- and post-calving. Energy restriction pre-calving
to prevent over-conditioning is achieved by offering moderate digestibility (ca. 660 g/kg digestible dry matter) grass silage
ad libitum. When feeding high quality grass silage, the energy restriction is achieved by replacing part of it with straw.

3.23.2 | Welfare consequences

The WCs selected as highly relevant for beef cattle because of nutrition and feeding were ‘metabolic disorders’, ‘gastro-
enteric disorders’, ‘group stress’, ‘inability to chew and/or ruminate’ and ‘inability to perform exploratory or forag-
ing behaviour’. ‘Metabolic disorders’ are linked with ‘locomotory disorders (including lameness)’. While ‘prolonged
hunger’ can also be present in cattle arriving on farm, this is considered to be a consequence of transport and hence is not
further discussed in the context of this Scientific Opinion. The definition of each WC is available in Section 2.3 and the ABMs
used to identify and assess each WC are defined in Section 3.10.

3.2.3.3 | Preventive and mitigating measures
3.2.3.31 | Metabolic disorders and gastro-enteric disorders

Subacute rumen acidosis (SARA) is the dominant metabolic disorder in beef cattle and its occurrence has been associated
with the provision of diets characterised by excessive amounts of starch and an insufficient content of structured fibre. At
rumen level, the excessive starch load might cause a temporary imbalance between production and absorption of fatty
acids with a consequent drop in ruminal pH (Kleen et al., 2003). When a prolonged condition of low rumen pH (5.5-5.0)
persists, bacteria may invade the rumen wall and which may eventually lead to ruminitis and severe damage to the rumen
mucosa papillae (Wiese et al., 2017). The intake of an excess of dietary cereals increases the proportion of the ingested
starch that bypasses fermentation in the rumen and digestion in the small intestine reaching distal sections of the gut (Li
etal., 2012). This can induce rapid fermentations, also in the large intestine, leading to different degrees of diarrhoea (Sanz-
Fernandez et al., 2020). The monolayer structure of the epithelium of the large intestine, compared to the more complex
structure of the ruminal wall, is more sensitive to both the high acidity and the toxins concentration induced by a grains-
based SARA, which increases the risk of a dietary induced systemic inflammation (Khiaosa-Ard & Zebeli, 2018). Clinical signs
of SARA can vary depending on the severity of the acidotic load and include different degrees of anorexia, dehydration,
decreased rumen motility and diarrhoea (Sanz-Fernandez et al., 2020). Hyperkeratosis, signs of ruminitis, ulcers and star
scars are the most common ruminal lesions related to SARA observed post-mortem in beef cattle (Magrin et al., 2021).
Feeding less grain and more fibre is the main preventive measure against SARA (Gonzalez et al., 2012; Magrin et al., 2021).
The EFSA Opinion on the welfare of cattle kept for intensive beef production (EFSA AHAW Panel, 2012b) recommended
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the inclusion of more than 15% of physically effective fibre (peNDF) in TMR to reduce the risk of SARA, based on results
from Mertens (1997). This author defined the minimum particle size of effective fibre as >1.18 mm for dairy cows, based
on the assumption that smaller particles are expected to pass the reticulo-omasal orifice and not be exposed to rumen
fermentation. However, no recent studies investigating this 15% peNDF threshold and whether it is associated with a lower
prevalence of gastro-enteric disorders were found. A more recent study proposed a threshold of 10% but the particle size
considered as peNDF were particles >4 mm (Llonch et al., 2020), so the results are not directly comparable with the study
previously mentioned. A further study investigated peNDF of 1.18 mm and 8 mm and suggested staying above 10% of DMI
for both particle sizes (Niwa et al., 2023), but no optimum value was defined. In sum, as very limited numbers of studies
comparing roughage amount and particle size in beef cattle finishing diets are available, further research is needed to
determine a reference value for beef cattle as well as an optimum value of peNDF.

In beef cattle fed TMR, an increase in the roughage particle size can be a further mitigating action of SARA. A larger
particle size stimulates chewing activity which enhances saliva secretion and consequently sodium bicarbonate which
acts as a natural buffer in the rumen (Plaizier et al., 2008). This strategy must be carefully applied to maintain the appropri-
ate particle size distribution in the TMR over time, ensuring that it does not excessively promote cattle sorting behaviour.
Conversely, highly homogeneous rations with excessively short particle sizes reduce sorting behaviour but increase the
risk of rumen acidosis (Hindman, 2023).

In parallel, the supplementation of feed additives or feed materials including mineral buffers, yeast products and phy-
togenic compounds may help attenuate SARA. Mineral supplements, especially bicarbonates, have been routinely used
in ruminant diets for their ruminal buffering capacity in the therapy of acute ruminal acidosis (Calsamiglia et al., 2012).
Bicarbonates might prevent pH depression when high amounts of concentrate are fed by controlling an overgrowth of
acid-tolerant lactobacilli (Garry, 2002; as cited in: Humer et al., 2018). Regarding yeast and phytogenic compounds, their
positive effects against SARA after feeding grain-rich diets are through a modulatory effect on the fermentation process
and ruminal microbiome, such as by stimulating lactate utilisers, an increase in cellulolytic bacteria and fungi (Calsamiglia
et al., 2012) and a decrease of starch utilisers (Neubauer et al., 2018). However, the use of these feed additives/materials
cannot fully compensate for suboptimal feeding (Humer et al., 2018).

In addition, a gradual transition from forage-based to concentrate-based diets during the early finishing period at the
fattening farm is essential to prevent gastro-enteric disorders. This process requires a progressive feed transition to the
fattening diet by sequentially increasing concentrations of concentrates during the first 2-to-4 weeks of fattening (Bevans
et al., 2005). Reducing the duration of this feed transition to less than 2weeks can impair subsequent performance and
health (Brown et al., 2006).

3.2.3.3.2 | Groupstress

Prevention and mitigating actions of group stress in the context of nutrition and feedling are addressed in a dedicated
section on ‘space allowance’ at the feed trough (see Section 3.3 on minimum space allowance).

3.2.3.3.3 | Inability to chew and/or ruminate and inability to perform exploratory or foraging behaviour

Under intensive conditions, fattening cattle are fed high-concentrate diets to promote their maximum daily gain and only a
limited amount of roughage is provided to maintain rumen function (Campbell et al., 1992). A reduction in rumination time
is expected in these conditions (Gentry et al., 2016). Concentrate-based diets fed in confinement contain less roughage and
require cattle to spend less time engaged in oral behaviours (e.g. mastication of the cud, using the tongue to grasp and pull
on grass) which further promotes the development of stereotypic oral behaviours such as non-nutritive oral manipulation,
tongue rolling and tongue flicks (Bergeron et al., 2006). Oral stereotypes are rarely observed in beef cattle on pasture
(Ishiwata et al., 2007). Observations on housed dairy heifers have shown that they look for opportunities to process long
forage, particularly when fed an ad libitum low-roughage diet (Van Os et al., 2018).

The main prevention and mitigating strategy in this context is to increase dietary roughage (Ridge et al., 2020). This
recommendation is particularly relevant for cattle housed in slatted floor pens, as bulls kept in straw bedded pens have
the possibility to some extent compensate the lack of dietary roughage by ingesting litter substrate (Schulze Westerath
et al,, 2009). In the case of cattle fed TMR, additional actions for promoting rumination are the increase of forage particle
size (Gentry et al,, 2016) or the use of coarsely chopped corn silage (Cozzi et al., 2005).

3.2.3.34 | Linked welfare consequences

‘Metabolic disorders’ are linked with ‘locomotory disorders (including lameness)’. Several induction studies showed
relationships between diet, ruminal acidosis and laminitis (reviewed by Passos et al., 2023). The ingestion of high amounts
of readily fermentable concentrates leads to a rapid decline in rumen pH which in turn results in the death of ruminal
bacteria. The release to the bloodstream of lipopolysaccharide endotoxins from the bacteria cell wall generates a systemic
response with some of these toxins affecting the vascular perfusion of the hoof leading to locomotor disorders.

In this context, the main preventive measure is to ensure sufficient fibre intake (see Section 3.2.3.3.1 a discussion
on dietary fibre thresholds). Increasing neutral detergent fibre (NDF) content of the TMR was identified as a preventive
factor for the development of sole haemorrhages and white line abscesses and infectious lesions in a risk-factor analysis
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(Magrin, Brscic, et al., 2020). As discussed in the Section 3.2.3.3.1, the recommendation to provide additional dietary
fibre to lower the risk of lameness is particularly relevant for beef cattle housed in slatted floor pens (Schulze Westerath
et al., 2009).

High dietary protein levels have also been identified a risk factor (Ranjbar et al., 2016) due to the toxic effect of ammo-
nia arising from the protein degradation in the rumen. High concentrations of ammonia or urea in the blood can damage
sensitive lamellae and corium in the hoof (Lean et al., 2013). Although the excess of dietary protein is not frequent in indoor
beef cattle, it can occur in ‘high quality’ pastures without an adequate energy supplementation (Langova et al., 2020).

In addition, as the ingestion of mouldy feeds by beef cattle can be associated with impaired locomotion resulting from
a mycotoxin-induced immune suppression (EFSA AHAW Panel, 2012b), performing periodic analyses of feedstuff at risk of
mycotoxin contamination is recommended (Cozzi, Brscic, & Gottardo, 2009).

3.2.3.3.5 | Welfare consequences relevant to suckler cows and suckler calves

‘Group stress’ and ‘inability to perform exploratory or foraging behaviour’ were selected as highly relevant welfare
consequences experienced by suckler cows and suckler calves. However, the severity of the inability to perform exploratory
or foraging behaviours were considered to lower because these animals are typically kept in deep-bedded pens.

3.2.34 | Conclusions on nutrition and feeding
For conclusions and recommendations on minimum space at the feed trough, see Section 3.3.

1. Intensively fattened young bulls and beef heifers are fed high-concentrate diets to maximise daily weight gain.
Under current practice, roughage represents only a limited share of the whole diet composition.

2. The WCs selected as highly relevant for fattening cattle resulting from common nutrition and feeding are metabolic
disorders, gastro-enteric disorders, group stress and inability to perform exploratory or foraging behaviour. Group
stress is linked with soft tissue lesions and integument damage, and metabolic disorders linked with locomotory disor-
ders (including lameness).

3. Subacute rumen acidosis (SARA) results from an excess of dietary concentrate and insufficient structured fibre. SARA is
the most prevalent metabolic and gastro-enteric disorders in beef cattle and comprises a drop in ruminal pH, potentially
resulting in damage to the rumen wall and liver.

4. Feeding less grain (starch) and more structured fibre (peNDF) is the main mitigation strategy against SARA (certainty >90%).

5. Increasing proportions of readily fermentable starch in the diet increase the risk of hoof problems as secondary welfare
consequences of subacute or acute ruminal and hind gut acidosis conditions (certainty >90%).

6. Up to date, there are no specific reference values on suitable thresholds for inclusion of concentrates and roughage in
fattening diets for beef cattle to control metabolic and gastro-enteric disorders.

7. Compared to yeast and phytogenic compounds, mineral buffers are more effective against rumen acidosis resulting
from the ingestion of too much concentrate feeding (certainty >90%). These compounds have only a modulatory ef-
fect on the fermentation process of the ruminal microbiome (certainty >50%). No feed additive can compensate for an
inadequate feeding management (certainty >90%).

8. Asbeef cattle are typically fed forage-based diets before transfer to the fattening farms, a gradual change from forage-
based to concentrate-based diets during the early fattening period is crucial to prevent gastro-enteric disorders (cer-
tainty >90%).

9. Adlibitum feeding with a constant availability of feed in the manger mitigates group stress and reduces the risk of pro-
longed hunger (certainty >90%).

10. Competition and aggressive interactions in the feeding areas are lowered by the provision of a space at the manger suf-
ficient to allow the simultaneous presence of all group mates (certainty >90%).

11. High-concentrate diets reduce chewing and rumination time compared to predominantly forage-based diets, and lead to
stereotypic oral behaviours such as non-nutritive oral manipulation, tongue flicks and tongue rolling (certainty >90%).

12. The ingestion of mouldy feeds increases the risk of impaired locomotion that results from a mycotoxin-induced immune
suppression (certainty >90%).

3.2.3.5 | Recommendations on nutrition and feeding

1. In order to prevent or reduce SARA and hoof problems, feeding less grain and more structured fibre (peNDF) is
the main recommendation. A suitable proportion of effective fibre in fattening diets should be included to pro-
mote chewing and rumination time, and reduce the occurrence of stereotypic oral behaviours in beef cattle.

2. When feed additives or feed materials are used to reduce SARA, mineral buffers should be preferred over yeast products
and phytogenic compounds.

3. A gradual transition from forage-based diets to more concentrate-based fattening diets should be implemented in the
first 4 weeks after arrival at the fattening farm to prevent digestive disorders.

4. To lower aggressive interactions in the feeding areas, ad libitum feeding should be combined with a space at the manger
that allows simultaneous access to feed to all the group mates.
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5. Visibly mouldy or potentially mycotoxin-contaminated feeds should not be included in beef cattle rations. It is recom-
mended to carry out analyses of feedstuffs prone to mycotoxin contamination.

3.24 | Lack of outdoor access
3.24.1 | Currentpractices

Most beef cattle are fattened in specialised farms under intensive conditions, although some may have been bred and
reared as young calves on pasture. Most of the intensive fattening units house the animals indoors in multiple pens in
closed or partially open barns for the entire fattening period (Cozzi, Brscic, & Gottardo, 2009). However, also extensive
outdoor production systems with pasture access during summer or the whole year and usually slower growth rates of the
animals can be found (see Section 3.4.1). In addition, there are a few farms with loose housing systems with access to an
additional outdoor loafing area. An outdoor loafing area (paddock, outdoor yard, outdoor bedded pack) can be defined as
an open or partly roofed area that is not part of the main structure of the building but is adjacent to it or a short distance
away (EFSA AHAW Panel, 2023b). The floor is usually (bedded) concrete or slatted, although natural floors are also possible.
In organic farming, an outdoor loafing area is mandatory when no pasturage for grazing is granted. Outdoor feedlot sys-
tems are another infrequent beef production system in the EU where the animals have outdoor access, with some more
significance in Southern Europe (Agethen et al., 2023) (see Section 3.4.2).

3.24.2 | Welfare consequences

The WCs selected as highly relevant for cattle lacking outdoor access are ‘restriction of movement’, ‘inability to perform
play behaviour’, ‘sensory under- and/or overstimulation’, ‘group stress’, ‘inability to avoid unwanted sexual behav-
iour’, ‘inability to perform exploratory or foraging behaviour’ and ‘heat stress’. No linked welfare consequences were
identified in this context. The definition of each WC is available in Section 2.3 and the ABMs used to identify and assess
each WC are defined in Section 3.10.

3.24.3 | Preventive and mitigating measures

In general, nearly no research has been carried out on welfare effects of outdoor access vs. no outdoor access in beef cattle.
However, it can be expected that potentially mitigating properties of outdoor access in terms of animal welfare are largely
similar to the ones described for dairy cows (EFSA AHAW Panel, 2023b). The literature cited in the following therefore
relates to dairy cattle, if not stated otherwise.

3.24.3.1 | Restriction of movement and inability to perform play behaviour

The extent of restrictions depends on the indoor conditions, but outdoor access has a high potential to provide an
expansion of exercise and loafing space, which may positively affect behavioural freedom (EFSA AHAW Panel, 2023b).
Higher space allowances have positive effects on locomotory and play behaviours (Jensen et al., 1998). In addition, in
outdoor areas flooring conditions may be more suited for cattle. This likely was a further cause of the increased frequency
of play behaviour observed by Boyle et al. (2008) in heifers on an outdoor wood-chip pack compared to heifers housed
inside a free-stall pen, apart from the higher space allowance in the outdoor area. Furthermore, the outdoor area was less
restricted by building structures.

3.24.3.2 | Sensory under- and/or overstimulation

Outside conditions usually provide more diverse and changing sensory stimulation than indoor conditions. For visual
stimulation, Haskell et al. (2013) found no effect on outdoor yard use when free view on the surroundings was available
compared to a view blocked by fabric screens. However, also the possibility to experience sunlight, rain, wind and different
air qualities with different olfactory characteristics needs to be considered. For example, in practice it can be observed that
on sunny winter days, cattle place themselves to receive maximal sunlight exposure. However, certain climatic conditions,
such as precipitation at lower temperatures or high temperatures and solar radiation, are also reportedly avoided (e.g.
Charlton et al., 2011; Legrand et al., 2009). Free access to shelter or shade (e.g. Tucker et al., 2008) or an indoor area provides
a choice between different environmental conditions.

Depending on indoor flooring, an outdoor area with natural floor can also provide a more comfortable surface for
lying. If pasture access for grazing is allowed, this can be seen as provision of additional nutritive and environmental
stimuli. When given a free choice between feedlot (with gravel base covered with 25 cm feedlot compost) and pasture,
beef steers preferred pasture for 75% of their time and performed the large majority (81%) of their lying on pasture
(Lee et al., 2013).
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3.24.3.3 | Group stress and inability to avoid unwanted sexual behaviour

Especially for lower ranking individuals, the additional outside area offers the possibility of retreat and avoidance of
unwanted interactions with conspecifics including unwanted sexual behaviour. For instance, Haskell et al. (2013) found a
significantly higher percentage of dairy cows using an outdoor loafing area after feeding in the barn (29%) compared to
before (9%) or during feeding time (7%), with low-ranking individuals more often outside during feeding than high-ranking
cows, which suggests that they used the outdoor area to avoid dominant animals. The extent of such effects depends on
the barn design and space available indoors and outdoors. When groups of 20 cows were confined for 1 h in outdoor areas
of 5,8,12 or 15 mz/cow, Lutz et al. (2019) observed decreasing numbers of agonistic interactions with increasing space
allowance both in horned and hornless groups. However, knowledge on possible effects of different space allowances in
freely accessible outdoor loafing yards in beef cattle is lacking.

3.24.34 | |Inability to perform exploratory or foraging behaviour

More complex and frequently changing stimuli and resources that promote exploration and foraging can be expected
on pasture, followed by feedlots or barns with outdoor loafing areas where the animals have a choice between different
environmental conditions.

In addition to the natural stimuli and resources present in the outdoor area, which in the case of pasture include the
possibility to forage, it is often more feasible to provide environmental enrichment such as additional racks with roughage,
that stimulate and allow exploration and foraging in outdoor areas (see also Section 3.2.5). Indoors, it is often challenging
to provide additional enrichment devices without restricting unhindered access to the feeding table or lying area.

3.243.5 | Heatstress

A loafing area adjacent to a barn provides the opportunity to move outside if it is hot or humid inside the building
(EFSA AHAW Panel, 2023b). In fact, with free access to an outdoor pack, cubicle housed cows spent 25% of the time outside
in summer, mostly during the night and only 2% in winter (Smid et al., 2019). They generally avoided adverse weather,
i.e. precipitation during summer nights and precipitation and high wind speeds during winter. It can be questioned
whether cows in summer went out for thermoregulatory reasons or because of more comfortable lying conditions as long
as weather was not too aversive. Haskell et al. (2013) found in their study that as the temperature-humidity index (THI)
increased indoors, more cows moved to an adjacent outdoor loafing area. In general, variation in environmental conditions
(different microclimates) and freedom to choose between them increases the animals' possibility to behaviourally adapt
to unfavourable conditions according to their individual needs. For example, for beef cattle only housed outdoors, access
to shade or shelter provides different microclimatic conditions and is a measure to mitigate heat stress (Tucker et al., 2008).

3.243.6 | Welfare consequences relevant to suckler cows and suckler calves

All welfare consequences described above also apply to suckler cows and suckler calves kept indoors with the exceptions
of the ‘inability to avoid unwanted sexual behaviour’ which was not considered highly relevant in the case of suckler cows
and suckler calves.

3.244 | Conclusions on lack of outdoor access

1. Most beef cattle are fattened under intensive conditions in closed or partially open barns without outdoor access for
the entire fattening period. Provision of outdoor access can range from an outdoor loafing area with free passage
between indoor and outdoor areas, over housing in outdoor feedlots, possibly with the provision of some freely
accessible shelter, to access to pasture of different sizes and qualities for different times of the year and day.

2. Highly relevant welfare consequences related with lack of outdoor access are restriction of movement, inability to per-
form play behaviour, sensory under- and/or overstimulation, group stress, inability to avoid unwanted sexual behaviour,
inability to perform exploratory or foraging behaviour and heat stress. No linked welfare consequences were identified.

3. Outdoor conditions provide more environmental complexity and changing sensory stimulation (e.g. sunlight, wind, rain
or olfactory stimuli) than indoor conditions. While little research is available on the importance of such stimulation to beef
cattle, in general, free choice between different environmental conditions lowers the risk of sensory understimulation
(certainty >90%).

4. Outdoor access that includes pasture promotes exploration and foraging behaviour (certainty >90%).

5. Freely accessible outdoor loafing areas with well-managed underfoot conditions provide enlarged space and opportu-
nity for locomotion and play (certainty >90%).

6. An easily accessible outdoor loafing area allows lower-ranking individuals in particular to withdraw and avoid unwanted
interactions with dominant individuals, thereby helping to reduce group stress (certainty >90%).

7. A shaded outdoor area next to the barn provides cattle the opportunity to move outside if inside conditions are too hot
or humid, mitigating heat stress (certainty >66%).
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3.24.5 | Recommendations on lack of outdoor access

1. From the point of view of animal welfare, it would be desirable to provide housed beef cattle with a freely and
easily accessible outdoor area adjacent to the barn, to stimulate and allow more locomotion-related behaviours,
reduce sensory understimulation and the associated experience of negative affective states. Access to a loafing
area also allows more efficient retreat from unwanted social interactions, thereby helping to reduce group stress.

2. At least part of the outdoor area should provide shade to further give beef cattle the opportunity to move outside if
inside conditions are too hot or humid, and help mitigate heat stress.

3. Underfoot conditions in the outdoor area should be well-managed in order to avoid mud build-up and provide sufficient
grip for locomotion.

3.2.5 | Lack of environmental enrichment
3.25.1 | Current practices

Environmental enrichment is defined in this context as the modification of the environment of captive animals with the
goal to improve animal welfare (Newberry, 1995) by ‘providing them sensory and motor stimulation, through structures
and resources that facilitate the expression of species-specific behaviour and promote psychological well-being through
physical exercise, manipulative activities and cognitive challenges according to species-specific characteristics’ (NRC, 2011).
As a rule, enrichment increases the complexity of the environment, but its extent can differ. While the increased complex-
ity can mean an increased management challenge, it provides more opportunities for the animal to interact with the
environment in an adaptive way. It allows an increased fulfilment of behavioural needs, thereby reducing frequencies of
abnormal behaviour, enhancing the animal's ability to actively cope with challenges and providing opportunities to expe-
rience positively valenced affective states.

Enrichment material investigated so far for beef cattle falls into the following categories: (i) manipulable material that
can be ingested, e.g. roughage (Berges & Stracke, 2023) or salt blocks (Matkovic et al., 2020), (ii) inedible material for explo-
ration, including olfactory exploration and manipulation (Berges & Stracke, 2023; Schulze Westerath et al., 2009; Wilson,
Mitlohner, et al., 2002), (iii) equipment allowing comfort behaviour, i.e. brushes (Braghieri et al., 2011; Matkovic et al., 2020;
Park, Schubach, et al., 2020; Tuomisto et al., 2015; Wilson, Mitléhner, et al., 2002) or rubbing objects (Dickson, Campbell,
Lee, et al., 2022; Matkovi¢ et al., 2020; Park, Schubach, et al., 2020; Wilson, Mitlohner, et al., 2002) and (iv) pasture access
(Braghieri et al., 2011; Tuomisto et al., 2015). Dickson, Campbell, Lee, et al. (2022) also regarded a woodchip pile on poor
pasture as environmental enrichment, because it may facilitate lying behaviour. Access to pasture and material that can
be ingested not only fulfil the function of enrichment, but also have nutritive and metabolic effects. Auditory enrichment
(e.g. music) so far was only investigated in dairy cattle (reviewed by Ciborowska et al., 2021), and cognitive enrichment only
in farms animals other than cattle (e.g. pigs, Zebunke et al., 2013). In beef cattle, it is even less common practice to provide
specific environmental enrichment than in dairy cattle and only little specific research has been carried out (reviewed by
Park, Foster, & Daigle, 2020).

3.25.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of lacking environmental enrichment are ‘inability to perform
exploratory or foraging behaviour’, ‘inability to chew and/or ruminate’, ‘inability to perform comfort behaviour’,
‘sensory under- and/or overstimulation’ and ‘inability to perform play behaviour’. Furthermore, ‘sensory under- and/
or overstimulation’ due to lack of enrichment may increase the risk of ‘group stress’ and the ‘inability to avoid unwanted
sexual behaviour’. The definition of each WC s available in Section 2.3 and the ABMs used to identify and assess each WC
are defined in Section 3.10.

3.2.5.3 | Preventive and mitigating measures
3.2.5.3.1 | Inability to perform exploratory or foraging behaviour and inability to chew and/or ruminate

Exploratory behaviour in cattle includes olfactory, visual, auditory or tactile information gathering General information
gathering is largely intrinsically motivated (Wood-Gush & Vestergaard, 1989). In addition, exploration is very often carried
out in association with foraging and feeding (including chewing and ruminating). It can be expected to be intrinsically
pleasant or self-rewarding and be associated with positive emotions (Boissy et al., 2007; Schulze Westerath et al., 2009).
General information gathering also includes stimuli that potentially have no biological significance. For beef cattle this
has been shown by Wilson, Mitléhner, et al. (2002), who presented a milk-scent or lavender-scent releasing device (plastic
pipe filled with cotton balls saturated with a milk solution or lavender oil) to beef heifers in a feedlot (3 groups with each 10
heifers, 18 months old) and found that on average, over the 22 days of the experiment, 50% of the heifers interacted with
the milk-scent releasing device (but only 20% with the lavender-scent releasing device). Interactions with the milk-scent
releasing device decreased after the first observation day (day 2 of the experiment). This is not surprising, because novelty
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is an important feature in stimulating exploration (Murphy, 1978) and exploration behaviour declines with the decline
of novelty. The challenge in terms of environmental enrichment for promoting exploration behaviour is the provision of
novelty. In this regard, more complex systems with naturally changing stimuli are superior to highly controlled systems,
i.e. pasture systems to systems with outdoor runs to confined barren systems. In addition, Berges and Stracke (2023) found
in beef bulls on fully slatted floors that within objects allowing oral behaviour, organic ones were greatly preferred over
non-organic objects.

Regarding foraging and feeding, the way in which the diet is provided is paramount. The common feeding of high-
concentrate diets to beef cattle may not only increase the risk of metabolic disorders with further negative conse-
quences for animal health and welfare (see Section 3.2.3), but may also thwart the motivation to consume forage and
ruminate thus leading to frustration, although studies quantifying this motivation are lacking. However, the occurrence
of tongue rolling and the extent of oral manipulation of inanimate objects may be measures of the inability to perform
this behaviour (Bergeron et al., 2006), with the additional provision of structured dietary fibre (roughage) being an im-
portant mitigating measure (see Section 3.2.3). In addition, the possibility to choose between different components of
the diet allows more behavioural freedom and better adaptation to individual physiological needs, although sorting be-
haviour can lead to unbalanced and unhealthy diets when feeding TMR alone, and it is usually sought to be prevented.
Nevertheless, there are indications of individual differences in diet selection for hedonic and health reasons (reviewed
by Miller-Cushon & DeVries, 2017). For example, beef cattle fed a high-grain, low-forage feedlot diet increased their
sorting for the forage component of their diet upon experiencing a bout of acidosis (DeVries et al., 2014). However, the
few investigations on free-choice feeding under intensive and controlled conditions did not reveal major animal welfare
consequences of the type of feeding (e.g. Devant et al., 2015; Iraira et al., 2015; Moya et al., 2011). Freedom of choice may
be more important for grazing, e.g. when contrasting pastures with high forage diversity, providing varied sensory and
post-ingestive experiences, with monotonous swards (reviewed by Distel et al., 2020). However, more research in this
complex field is necessary.

Even enrichment not stimulating oral activity may affect oral behaviour. Park, Schubach, et al. (2020) found that the
provision of a brush to steers in a feedlot with earthen flooring led to less frequent and shorter bouts of bar licking and
tongue rolling, compared to steers in similar pens without a brush. Both in steers with and without brush, tongue rolling
increased in frequency and duration over the 9-week study. In contrast, Dunston-Clarke et al. (2024) found no differences
in abnormal behaviour (tongue rolling, bar/fence chewing) between a group of feedlot heifers and steers (14 months old,
mean weights 434 and 508 kg) with a brush and a control group over an observation period of 94 days, but with very low
levels of this behaviour in general.

3.2.5.3.2 | Inability to perform comfort behaviour

Comfort behaviour includes (besides thermoregulatory behaviour which is covered in Section 3.2.7) licking, scratching with
hind hooves, scratching with horns, shaking, striking one part of the body against another part, rubbing, pawing and social
grooming (allogrooming) (Simonsen, 1979). These behaviours may be carried out to relieve itching, to remove aversive
objects (e.g. dirt, insects) or to stimulate the skin. However, self-grooming can also be carried out as a displacement activity
(reviewed by Boissy et al., 2007), so the interpretation of the extent of self-grooming needs to be cautious. Nevertheless,
self-grooming as described above is an important behaviour to maintain good physical conditions and is internally and
externally motivated.

It is well established that cattle use inanimate objects for the grooming of body parts that they are unable to reach. The
provision of such objects is a relatively easy means to more fully allow beef cattle the performance of comfort behaviour.
Dairy cows are highly motivated to access a grooming brush (McConnachie et al., 2018) and it is likely that this applies to all
cattle. Pasture-based beef cattle, used to have access to a grooming brush, became dirtier and showed reduced average
daily gain when access to the brush was blocked for 1 week; ‘medium and high’ brush users also showed elevated levels of
faecal cortisol metabolites (Dickson et al., 2024). When a fixed L-shaped brush was installed in a feedlot, all steers interacted
with the brush within the first 2 days. Brush use declined afterwards, but remained on a steady level over the observation
period (64 days) with an overall daily (8:00 to 17:30 h) mean brush use of about 583 s/steer (Park, Schubach, et al., 2020). A
similar use pattern was described by Wilson, Mitléhner, et al. (2002). It is possible that the initially high usage is rebound be-
haviour due to built-up motivation for grooming behaviour, but novelty of the enrichment may also play a role. Dunston-
Clarke et al. (2024) observed that a vertical grooming brush placed in the middle of a feedlot pen was steadily used by beef
heifers and steers throughout the observation period which ended after 94 days. Although the study was limited by lack-
ing repetitions, the authors report that in addition to the brush use, levels of self-grooming and allogrooming events were
similar to the cattle in the control group without a brush. Pointing to a similar direction, Kohari et al. (2007) found (in four
beef cows) that unavailability of trees for grooming on pasture was not compensated by more self- or allo-grooming, al-
though trees were intensively used when available. In contrast, the steers in the experiment of Park, Schubach, et al. (2020)
with a brush available performed fewer and shorter bouts of allo-grooming than those without brush. Besides brushes
and natural structures, other objects can be used. For instance, Ishiwata et al. (2006) found that a drum can wrapped with
artificial turf (30 x 120 cm) around the upper third (and filled with hay) was used for grooming by steers (7-11 months old,
around 300 kg liveweight).
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3.2.5.3.3 | Sensoryunder- and/or overstimulation

Visual, auditory or olfactory under- or overstimulation by the physical environment can lead to the experience of stress or
negative affective states such as fear or discomfort. As environmental enrichment aims to reduce sensory understimulation,
only this aspect will be discussed here. Sensory understimulation can be decreased by a higher degree of the general
complexity and variability of the environment. A more appropriate level of stimulation is expected to be reflected by less
redirected or vacuum behaviour and a higher general activity. Tuomisto et al. (2015) observed less manipulation of objects
by fattening bulls in pasture paddocks than in barns with a straw and peat-bedded lying area and feeding area with solid
concrete floor. Steers in feedlots with earthen flooring with a brush showed in general a greater duration of movement activity
than steers without a brush (Park, Schubach, et al., 2020). In addition, the use of resources per se reflects that animals have
been stimulated to perform associated behaviours. For example, steers already receiving hay ad libitum in a trough besides
concentrate, used extra drum cans filled with hay steadily (Ishiwata et al., 2006). However, they did not show less tongue rolling
than steers without this enrichment; possibly the stereotypy was already established before the start of the study.

Studies examining different enrichment devices evaluated these devices as more or less recommendable based on the
extent of their use (Dickson, Campbell, Lee, et al., 2022; Pelley et al., 1995; Wilson, Mitldhner, et al., 2002). However, a brush,
olfactory enrichment, salt blocks, a straw bale, a stump, a woodchip pile or a hanging rope provide very different stimu-
lation and allow the performance of different behaviours. It is the sum of different stimuli that makes up a complex and
changing environment. For instance, Matkovic et al. (2020) offered beef heifers both a brush and salt blocks and found that
enrichment material was used more at higher stocking densities than at lower densities, but only when both provisions
were taken into account. However, more research is needed on the comparison of the effects of complex versus single
enrichments.

3.2.5.34 | |Inability to perform play behaviour

The occurrence of play may both signal the absence of poor welfare and the experience of positive emotions
(Boissy et al., 2007; Held & Spinka, 2011). It can be hypothesised that the provision of enrichment devices can promote
object play, as e.g. reported for piglets (Yang et al., 2018) or stimulate locomotory and social play, as reported for an
announced short-term enrichment for piglets (Dudink et al., 2006), but similar studies in beef cattle are lacking. Only
Wilson, Mitlhner, et al. (2002) mention that the use of a movable scratching/rubbing object may have included some play
behaviour as they observed the beef heifers to push the device around the pen. Dunston-Clarke et al. (2024) observed
more play behaviour in beef heifers and steers in a feedlot with a brush than in the control group without brush, but the
study was limited by the fact that repetitions were lacking and that the treatment group had lighter cattle than the control

group.
3.2.5.3.5 | Linked welfare consequences

The WC ‘sensory under- and/or overstimulation’ is linked with ‘group stress’ because quantitative or spatial restrictions
on access to enrichment can lead to increased inter-individual competition. Park, Schubach, et al. (2020) found that the
provision of a brush for steers in a feedlot (one brush/nine steers) led to fewer head butts, and mounting behaviour, thus
reducing the risk of unwanted sexual behaviour, but also to fewer allo-grooming bouts compared to steers without a
brush. However, they found no differences in hair cortisol concentrations. Matkovic et al. (2020) investigated social effects
of brush and salt block provision vs. an unenriched group in fattening heifers (one enrichment each 14 or 19 heifers).
With a higher space allowance of 4.5 m*/heifer (compared to 3.3 m?/heifer of 250-450 kg liveweight on solid bedded
floor) the unenriched group showed increased head butting and for both space allowances increased chasing compared
to the enriched group. The authors emphasised the possible reducing effect of enrichment on agonistic behaviour, but
give no explanation for the increased butting in the lower density group. However, as only one group per treatment was
investigated, single animals may have largely affected results with independence of the statistical units being questionable.
Dunston-Clarke et al. (2024) found no differences in agonistic behaviour between a group of feedlot cattle with a brush
and a control group, with in general very low levels of this behaviour. Moreover, the same statistical limitations apply as
discussed above. Pelley et al. (1995), on the other hand, highlighted the possibility of increased competition over a limited
resource. In their cross-over experiment with three groups of each eight steers (8 months old, around 204 kg liveweight),
the steers interacted more frequently with a straw bale than with suspended salt/mineral blocks and with a brush, but they
also showed more agonistic behaviour that might not only be due the higher attractiveness of the straw bale, but also to
the diminishing of the enrichment in the course of its use. Therefore, care should be taken to offer enrichment objects in
a way that all animals have easy access and to replenish material if necessary. However, similar to the lack of information
on animal:brush ratios in dairy cows (EFSA AHAW Panel, 2023b), no information is available on the necessary number of
enrichment devices in relation to the number of animals in fattening cattle. In the studies on the provision of brushes or
rubbing objects for beef cattle, animal:brush or rubbing object ratios ranged from 4:1 to 11:1 (Ishiwata et al., 2006; Kohari
et al., 2007; Matkovi¢ et al., 2020; Park, Schubach, et al., 2020; Pelley et al., 1995; Wilson, Mitl6hner, et al., 2002).

Effects of environmental enrichment are not always easy to distinguish from effects due to other linked factors. For
instance, pasture access does not only provide additional stimulation, but usually also increased space and different floor
qualities. Unexpectedly, Tuomisto et al. (2015) observed more mounting behaviour in fattening bulls in pasture paddocks
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than in barns with a straw and peat-bedded lying area and feeding area with solid concrete floor. There was no significant
effect on butting, but housed bulls showed more licking of conspecifics. The authors speculated that allo-grooming may
have functioned to reduce social tension, which was less necessary with increased space, but on the other hand, floor con-
ditions in the barn may have hampered the execution of mounting behaviour.

3.2.5.3.6 | Welfare consequences relevant to suckler cows and suckler calves

All welfare consequences described above also apply to suckler cows and suckler calves kept indoors, with the exceptions
of the ‘inability to avoid unwanted sexual behaviour’ which was not considered highly relevant in the case of suckler cows
and suckler calves.

3.2.54 | Conclusions on lack of environmental enrichment

1. The extent and diversity of structures and resources that facilitate the expression of species-specific behaviour
vary in beef cattle husbandry from little in rather monotonous housing and feeding conditions of intensively
kept beef cattle to great in extensive and biodiverse pasture systems.

2. Highly relevant welfare consequences related with lack of access to environmental enrichment are inability to perform
exploratory or foraging behaviour, inability to chew and/or ruminate, inability to perform comfort behaviour, sensory
understimulation, inability to perform play behaviour, group stress and inability to avoid unwanted sexual behaviour.

3. Environmental enrichment in general reduces sensory understimulation (certainty >90%) and leads to increased activ-
ity (certainty >90%).

4. Abnormal behaviour like tongue rolling and excessive oral manipulation of inanimate objects occurs more frequently in
intensive beef systems with high-concentrate diets than in pasture systems (certainty >90%). Enrichment of intensive
systems with long fibrous organic manipulable material that can be ingested, such as roughage, leads to a reduction of
these behaviours (certainty >90%). The provision of brushes as enrichment also contributes to a reduction of abnormal
oral behaviour (certainty > 66%).

5. Material that can be ingested and pasture access not only fulfil the function of enrichment, but also nutritive and meta-
bolic effects need to be considered.

6. Free choice between different components of the diet also enriches the environment of beef cattle, allowing more be-
havioural freedom and better adaptation to individual physiological needs (certainty >90%). However, more research is
needed on the welfare effects of free-choice feeding in intensive systems, with particular focus on the risks of metabolic
disorders.

7. Exploration for the purpose of information gathering allows the experience of positive emotions and is stimulated also
by non-organic enrichment material, although these effects are linked to the degree of novelty, which call for frequently
changing stimuli (certainty >90%).

8. Beef cattle have a high motivation to use brushes or rubbing objects for comfort behaviour, which induces positive
emotions and alleviates stress and soiling (certainty >90%).

9. The provision of brushes can further help to reduce agonistic interaction and thus group stress, although more research
is needed to confirm this effect (certainty >66%). Insufficient knowledge is also available on the possible effects of the
provision of brushes on mounting behaviour.

10. The simultaneous provision of different enrichment objects that target different behavioural motivations has a greater
overall effect on activity levels than single enrichments (certainty >66%), but to date this has not been addressed in
adult cattle research.

11. Limited access to enrichment objects or rapidly diminishing material increases social competition (certainty >90%).
Research is necessary on a minimum number of enrichment devices in relation to the number of animals.

12. Very limited research has yet explicitly addressed the effects of environmental enrichment on play behaviour in beef
cattle, but the provision of novel objects promotes play (certainty >66%).

3.2.5.5 | Recommendations on lack of environmental enrichment

1. The housing environment of beef cattle should provide environmental enrichment in order to reduce sensory
understimulation, abnormal behaviours (tongue rolling, excessive oral manipulation of inanimate objects) and allow
activities such as exploration and foraging. This can comprise (i) manipulable material that can be ingested, e.g.
roughage or salt blocks, (i) inedible material for exploration (including olfactory exploration) and manipulation, (iii)
equipment allowing comfort behaviour(i.e. brushes or rubbing objects) and (iv) pasture access for cattle housed
indoors.

2. Preferably different enrichment objects that target different behavioural motivations should be provided simultaneously.

3. In any case, enrichment should include the provision of brushes or rubbing objects, which further help to reduce stress
and soiling.

4. In addition, long fibrous organic manipulable material that can be ingested (e.g. roughage in a rack) should be provided,
thus allowing animals to choose between different feeds.

5. If inedible material is used for enrichment, it should be changed frequently to provide a sufficient degree of novelty.
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6. Further research is needed on the welfare effects of free-choice feeding in intensive systems, with particular focus on the
risks of metabolic disorders, as well as in general on minimum numbers of enrichment devices in relation to the number
of animals in order to limit social competition for these resources.

3.26 | Mixing of cattle
3.26.1 | Currentpractices

Cattle are social animals that tend to live in groups. Hurnik et al. (1995) defined a group ‘as a collection of animals in
which the animals are of the same species and the composition of the group is relatively stable over time’. Under natu-
ral conditions, the social structure of cattle is based on groups of females accompanied by their offspring (Reinhardt &
Reinhardt, 1981). In a stable group, there is a well-established hierarchy that determines the priority access to resources
(such as feed, space, sexual partners) based on dominance-subordination relationships expressed through agonistic inter-
actions and preferential links (Bouissou et al., 2001). In a group where the hierarchy is stable, direct agonistic interactions
are infrequent with mostly indirect forms (threats, avoidance) which makes it possible to limit fights as the origin of injuries.
In a stable group, preferential links are also stronger. These links ensure group cohesion by reducing agonistic interactions
and their consequences on dominated animals and increasing tolerance in competitive situations (Rault, 2012). There are
favourable periods for the establishment of preferential relationships, such as a young age. For example, calves raised to-
gether since birth develop strong preferential inter-relationships (Bouissou & Hovels, 1976).

Mixing animals is a common practice in beef cattle management after weaning in assembly centres or at the arrival at
the farm but from that point onwards mixing does not further occur. Different practices may be considered under different
circumstances and involve either a single or several animals:

a. The most common practice is to mix male calves together after weaning or after the arrival at the fattening unit to forma
new group. After weaning, male calves from different suckler farms are gathered in assembly centres and mixed to form
new groups before being transferred to the fattening units. At arrival at the fattening unit then they may be remixed
during the receiving period at the farm of destination. The objective of such mixing practices at the fattening unit is to
create homogenous groups based on one or more characteristics (age, weight, sex, physiological stage) or health state to
facilitate the management of the herd by the farmer (Bge & Faerevik, 2003). Once created, these groups may remain stable
until slaughter.

b. Alternatively, groups of animals are divided into smaller sub-groups at arrival at the fattening unit. In this case, it is argued
that this does not consist of a ‘true mixing event’ but that it may still disrupt the previous social dynamic.

c. Less frequently, a single animal is isolated from their group and later reintegrated into its original group or placed in an-
other group. This case can happen for example when an individual shows clinical signs of disease, is placed in isolation
in the hospital pen and reintegrated in its group after recovery. It may also happen for the cows at certain physiological
stages, such as calving period or during the dry period, that lead to a temporary change in group composition. As in (b),
this is not considered ‘true mixing’ but may still disturb the existing social dynamic.

3.26.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of mixing are ‘group stress’, ‘inability to avoid unwanted sexual
behaviour’, ‘handling stress’, ‘separation stress’, ‘respiratory disorders’, ‘soft tissue lesions and integument dam-
age’ and ‘bone lesions (including fractures and dislocations)’. No linked welfare consequences were identified in this
context. The definition of each WC s available in Section 2.3 and the ABMs used to identify and assess each WC are defined
in Section 3.10.

3.2.6.3 | Preventive and mitigating measures
3.2.6.3.1 | Group stress and inability to avoid unwanted sexual behaviour

Mixing animals, or even splitting the group without introducing a new individual, disrupts the established hierarchy and
new relationships of dominance-subordination must be formed (Bouissou et al., 2001). The establishment of these new
relationships often involves agonistic interactions, such as butting and mounting behaviour, which potentially lead to
group stress (Bouissou, 1980; Hubbard et al., 2021; Mench et al., 1990; Mounier et al., 2005) and inability to avoid unwanted
sexual behaviour. These activities may continue throughout a few days (Hubbard et al., 2021), although at lower levels
while the social hierarchy becomes established. Moreover, mixing beef bulls at the beginning of fattening may lead to
less cohesiveness; this renders social buffering less effective during stressful situations (Bolt et al., 2017; Mounier, Veissier,
et al., 2006). In cows, allogrooming events decrease after mixing (von Keyserlingk et al., 2008). The total duration of lying
behaviour and the number of lying bouts are reduced after mixing (von Keyserlingk et al., 2008). Furthermore, calves and
heifers exposed to repeated social mixing have been observed to have increased plasma cortisol concentrations after
adrenocorticotropic hormone (ACTH) and CRF challenges (Raussi et al., 2006; Wilcox et al., 2013).
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Problems related to social integration are normally greater for the introduced animal than for the resident animals,
which are socially dominant (Bee & Faerevik, 2003; Mench et al., 1990; Nakanishi et al., 1993). Nevertheless, a recent study
suggested that in dairy cows, the introduction of cows affects also the welfare of the cows already present in the herd by
increasing walking time and decreasing milk production (Scheurwater et al., 2021). If mixing cannot be avoided, factors
related to the animals and to the environmental should be taken into account.

2.6.3.1.1 | Factors related to the animals

Because of the existence of preferential links between individuals, there is some evidence that mixing of animals that have
already met earlier in their life will lead to less negative consequences (Kondo et al., 1984). To the authors' knowledge, there
is no information on how long cattle recognise each other after separation.

In dairy cattle, multiparous cows usually meet already familiar individuals when introduced to the lactating group after
calving which is mostly not the case in primiparous cows. After parturition, integration into the milking group is challeng-
ing for primiparous fresh cows that have no experience of regrouping. Their lying behaviour is affected, they lied less and
behaved less synchronous than the resident cows whereas multiparous did not (Gutmann et al., 2020). There is evidence
that mixing at least two familiar individuals into a new group may result in less welfare problems compared to mixing a
single individual into a new group (Bolt et al., 2017; Rault, 2012). However, in horned dairy cattle it has been found that in-
troduction of single animals led to less horn-related skin lesions in the herd, possibly due to groups of introduced animals
being more prepared to fight with resident animals (Johns & Knierim, 2019; Menke, 1996).

Although there is evidence that having experience of previous mixing reduces the problems associated with the in-
tegration of individual animals (Boe & Faerevik, 2003; Raussi et al., 2005), it was considered that mixing inevitably leads
to welfare consequences. Additionally, too frequent mixing seems to be detrimental (Raussi et al., 2005). A relevant be-
havioural problem in this context is the ‘buller syndrome’. This is characterised by repeated mountings of one bull/steer by
other bulls or steers (Blackshaw et al., 1997). Buller syndrome can cause injuries, such as swelling and trauma on the rump
and tail head, and increased incidence of health issues in the ‘buller’ and recipient steer and penile injuries in the initiating
steer (i.e. the rider). Several factors have been suggested to induce buller syndrome, including mud, dusty pens and group
size. Aggression is a key element in bulling behaviour. Klemm et al. (1983) reported in their study on feedlot steers that the
amount of bulling was much greater during the periods of greatest social stress, such as after the herds were formed and
new steers were introduced to the pen. At present, there is no clear solution to the problem, except to remove the recipient
animals from the pen.

The sex of animals can influence the level of aggression after mixing, and vasectomised bulls are less aggressive com-
pared with entire bulls (Mohan Raj et al., 1991). With the exception of fighting breeds such as Hérens, breed seems to have
no influence on the level of aggression (Plusquellec & Bouissou, 2001). Body weights also play a role; agonistic and sexual
interactions are more frequent immediately following mixing between bulls of homogeneous BW than between bulls of
heterogeneous BW (Mounier et al., 2005). A similar effect has been described in pigs (Andersen et al., 2000; Rushen, 1987,
1988). The increase in aggressive interactions between animals of homogeneous weight may reflect their greater difficulty
in establishing dominance relationships. Nevertheless, no effect of the homogeneity or heterogeneity of weights within
groups of beef bulls was found on agonistic or non-agonistic behaviour throughout the fattening period or on stress at
slaughter. Variability of body weights within groups had no effect on average daily gain. The variability of body weights
within groups decreased in groups that were initially heterogeneous whereas it increased in groups that were initially
homogeneous (Mounier et al., 2005).

The age of cattle at the time of mixing also seems to play a role on the welfare consequences of such practice. Compared
to sub-adult and adult cattle, calves respond to regrouping with less aggression and the social disturbance appears to be
limited to a few days after regrouping (Veissier et al., 2001). Therefore, mixing young animals reduces group stress com-
pared to mixing older animals.

Caretakers must pay particular attention to the animals the following days after mixing to be able to intervene if needed.

3.2.6.3.1.2 | Factors related to the environment: space

The amount of available space may influence the consequences of mixing. Reduced stocking density decreases the com-
petition at the feed bunk (Talebi et al., 2014). When competition for food increases, the cohesive interactions performed by
mixed beef bulls are reduced (Mounier, Dubroeucq, et al., 2006; Verdu et al., 2017). Therefore, providing more space during
a social mixing event reduces social stress. Moreover, after regrouping, the extent to which competition relates to feed-
ing behaviour varies between animals within the group. The strange cow in each group spent less time eating and more
time in locomotion than residents (Nakanishi et al., 1993). After regrouping, the feeding of the low rank animals is more
frequently interrupted than the feeding of the high-ranking animals (Hasegawa et al., 1997; Zobel et al., 2011).

In calves, either no correlation between group size and frequency of agonistic interactions has been found (Kondo,
Sekine, et al., 1989) or the number of agonistic interactions decreased when the group size increased (Feerevik et al., 2007).
In adult cattle, the relationship between group size and agonistic behaviour is complex. Krahn et al. (2024) found that the
number of replacements per cow (i.e. interactions that result in one cow leaving the feed bin and another taking her place)
was similar regardless of whether the cows were housed in groups of 50 or 10 although Kondo, Sekine, et al. (1989) found
that the number of agonistic behaviours increased as the group size increased.
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3.26.3.2 | Handling stress

Bulls mixed at the beginning of fattening were more stressed by pre-slaughter handling than unmixed bulls (Mounier,
Veissier, et al., 2006).

3.2.6.3.3 | Separation stress

With the exception of the calf-cow separation (Costa et al., 2016), only a few studies have focused on separation stress in
cattle. In heifers, Boissy and Le Neindre (1997) observed that vocalisations, heart rate and plasma cortisol concentration
were positively correlated with the duration of social contacts with the pen mates prior to separation, and these responses
decreased when pen mates were brough to the pen (Boissy & Le Neindre, 1997). In a study with beef cattle, unmixed
bulls displayed less fear responses during separation than mixed bulls (Mounier, Veissier, et al., 2006). Differences between
mixed and unmixed bulls were slight and expressed only by the frequency of elimination which was higher in mixed bulls.
This suggested they were more stressed by the separation than the unmixed animals, possibly due to a weaker social
buffering between mixed bulls. Further studies are needed on this topic.

3.2.6.34 | Respiratory disorders

BRD is one of the major health issues in beef cattle. Mixing animals from different farms can lead to a mix of different
microbiomes favourable to the development of respiratory diseases (Morel-Journel et al., 2021). Moreover, group stress
contributes to higher disease susceptibility (Masebo et al., 2023). In beef bulls the first 2 weeks following the introduction
of cattle to beef-fattening facilities appears to be the most vulnerable time for the development of BRD, even when
antimicrobial metaphylactic treatments and vaccines for BRD are administered (Assié et al., 2009; Pratelli et al., 2021).

3.2.6.3.5 | Softtissue lesions and integument damage and bone lesions (including fractures and dislocations)

No publications on the occurrence of ‘soft tissue lesions and integument damage’ or ‘bone lesions (including fractures and
dislocations)’ after mixing events in beef cattle were found. Nevertheless, mixing leads sometimes to agonistic interactions
involving forceful physical contact (e.g. fights or butts) (Mounier et al., 2005). These agonistic interactions may result in
integument damage as reported for dairy cows and sometimes can even cause bone lesions (Menke et al., 1999). During
mixing involving beef bulls, it may be assumed that agonistic behaviours are stronger than among dairy cows and then
the risk of injuries higher. Physical interactions seem less frequent between horned cattle than between hornless cattle.
Nevertheless, when physical interactions occur between horned cattle, the risk of injuries is higher than with hornless
cattle (Ebinghaus et al., 2023; Knierim et al., 2015).

3.2.6.3.6 | Welfare consequences relevant to suckler cows and suckler calves

While mixing is more likely to be experienced by fattening cattle, suckler calves and suckler cows may experience its
consequences of mixing at the time they are brought indoors at the beginning of the winter housing period. If kept in
group pens, they may experience group stress. The severity of this welfare consequence will depend on whether they
already knew the pen mates prior to mixing. Overall, it was considered that the welfare consequences of mixing will be less
severe for suckler cows and suckler calves compared to fattening cattle.

3.2.64 | Conclusions on mixing of cattle

1. Mixing is a common practice in cattle management to create homogeneous groups based on one or more char-
acteristics, such as age, weight, sex, physiological stage or health state. Mixing involves either a single animal
being reintegrated into its original group or placed in a new group, or several animals from different groups
being moved to form a new group.

2. The WCs selected as highly relevant for cattle as a result of mixing are group stress, separation stress, inability to avoid
unwanted sexual behaviour, soft tissue lesions and integument damage, handling stress, respiratory disorders and bone
lesions (including fractures and dislocations).

3. Problems related to social integration are greater for introduced animals, but this integration also disturbs the behaviour
of cattle in the receiving group.

4, Mixing leads to increased agonistic and sexual interactions, such as butting and mounting behaviours, and to decreased

affiliative behaviours.

Lying behaviour is disturbed after mixing, with a longer duration of standing and a reduced number of lying bouts.

Mixing animals that have met before leads to fewer agonistic interactions (certainty > 66%).

Animals with previous experiences of mixing are less disturbed by regrouping (certainty > 66%).

Mixing animals at a young age results in fewer agonistic interactions than in more mature subjects (certainty >90%).

©® N WU
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9. Agonistic and sexual interactions immediately following mixing are less frequent between bulls of heterogeneous body
weight than between bulls of homogeneous weight (certainty >66%). There are currently no grounds to suggest that
homogeneous weights at the beginning of fattening are beneficial to minimise agonistic and sexual behaviour.

10. Higher space allowance, increased manger space, ad libitum feeding and easy access to feeders and drinkers reduce
social stress in groups of cattle after mixing (certainty >90%).

11. The relationship between group size and agonistic behaviour is complex and needs further research.

12. Mixing animals from different farms contributes to higher respiratory disease prevalence due to a mix of different micro-
biomes and social stress (certainty >90%).

13. Mixing is frequently associated with aggressive interactions, which increase the risk of integument damage and bone
lesions. The risk of injuries is higher in horned cattle, even though physical interactions appear to be less frequent than
between hornless cattle (certainty >90%).

3.26.5 | Recommendations on mixing of cattle

1. Groups of cattle should remain stable as much as possible, and mixing should be avoided to reduce group stress,
separation stress, unwanted sexual behaviour, resting problems, handling stress, respiratory disorders, integument
damage and bone lesions (including fractures and dislocations).

2. If mixing of animals is necessary, mixing animals that have already met should be preferred over mixing unfamiliar cattle,
it should be performed at a young age, in a pen providing enough space, and without competition for food and water.

3. Mixing of beef bulls of heterogeneous weight should be preferred to the mixing of bulls of homogeneous weight.

4. If the mixing of animals from different pens is necessary, it should be performed between animals from the same farm.

3.2.7 | High environmental temperatures

This section discusses the consequences of high environmental temperatures on the welfare of housed cattle. Consequences
of heat experienced by animals kept on grass and in feedlots are discussed in Section 3.4.

3.271 | Current practices

High temperatures are expected to become increasingly common due to significant warming trends in Europe (Renaudeau
et al., 2012) and therefore housed beef cattle are expected to more frequently be exposed to heat. In the EU, beef cattle
are kept in closed barns or in partially open barns. Although the latter allow for some natural ventilation, cattle are still
frequently facing the effects of high environmental temperatures. While most of the research on this topic has been done
on dairy (reviewed by Mishra, 2021), comparable effects (i.e. with the exception of the higher metabolic rates observed in
lactating dairy cows) on beef cattle are expected. These are discussed below.

3.2.7.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of high environmental temperatures in indoor housing systems
are ‘heat stress’, ‘prolonged thirst’ and ‘resting problems’. ‘Locomotory disorders (including lameness)’ are linked
with ‘resting problems’. In the context of this Scientific Opinion, the inability to thermoregulate was defined as part of heat
stress and not as part of comfort behaviour as often reported in the scientific literature . The definition of each WC is avail-
able in Section 2.3 and the ABMs used to identify and assess each WC are defined in Section 3.10.

3.2.7.3 | Preventive and mitigating measures
3.2.7.3.1 | Heatstress

The experience of heat stress in cattle is influenced by internal and external factors. Examples of external factors are ambient
temperature, relative humidity (RH), thermal and solar radiation, wind speed, presence of ventilation systems, drinking water
temperature and barn characteristics (such as amount of vertical space in the barn, placement of pen partitions and barn
construction materials) (Gaughan et al., 2002; Gaughan, Mader, Holt, & Lisle, 2008a; Polsky & von Keyserlingk, 2017). Internal
factors include cattle genotype (e.g. Bos indicus being more heat tolerant than Bos taurus (Blackshaw & Blackshaw, 1994), or
double-muscled (DM) cattle being more susceptible to heat than non-DM cattle) (see Section 3.7.4), coat colour and type,
body size and condition, health status and degree of adaptation (Lees, Sejian, et al., 2019). Some native breeds have also
been reported to be more resistant to heat (Pereira et al., 2014).

For an assessment of the consequences of high environmental temperatures on the welfare of beef cattle, it is useful to
discuss the concepts of thermoregulation, thermoneutral zone (TNZ), thermal comfort zone (TCZ) and how they link with
the ‘heat stress’ welfare consequence definition from EFSA. An overview on these aspects is provided below, but for a more
detailed discussion of these concepts in the context of welfare of cattle, see the Scientific Opinion on the welfare of cattle
during transport (EFSA AHAW Panel, 2022b).
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3.2.73.1.1 | Thermoregulation, TNZ and TCZ

Thermoregulation is the physiological process that maintains a balance between heat production and heat loss. The
TNZ covers the range of environmental temperatures within which metabolic rate and heat production are constant and
independent of the ambient temperature (described by the EFSA AHAW Panel on the Scientific Opinion on the Welfare of
cattle during transport, 2022b), and originally formulated by Mount (1974). The TNZ boundaries are named lower critical
temperature (LCT) and upper critical temperature (UCT). The UTC is the temperature above which an homeotherm animal
must increase evaporative heat loss in order to maintain heat balance (reviewed by Shephard & Maloney, 2023).

The TCZ is considered to be within the TNZ and is described as a zone where the animal is in the preferred or chosen
thermal environment (based on perception) and the energetic and physiological efforts of thermoregulation are minimal.

According to the EFSA definition, heat stress is defined as ‘the animal experiences stress and/or negative affective states
such as discomfort and/or distress when exposed to high effective temperature’. Hence, heat stress may begin as soon as
the animal moves out of its TCZ and starts to experience discomfort. The risk and severity of heat stress increase as the ani-
mal approaches the UCT; at this stage, the rate of evaporative heat loss rises sharply and visible signs of heat stress intensify
as the animal attempts to prevent a dangerous increase in core body temperature. The identification of precise thresholds
for each one of these zones (TNZ and TCZ) is difficult. Up to 25°C, the respiratory rate gradually increases and changes in
core body temperature are not observed. Very shortly thereafter, at ~26°C, the rectal temperature starts to increase the
sweating rate significantly increases (reviewed by EFSA AHAW Panel, 2022b). Therefore, it would be expected that UCT
would be between 24°C and 26°C when cattle are experiencing mild heat stress based on Mader, Gaughan, et al. (2010).
However, beef cattle experiencing heat stress increase drinking, change their posture, including increasing standing, re-
duce eating, especially of grain (Blackshaw & Blackshaw, 1994; Idris et al., 2024; Shephard & Maloney, 2023) and these may
occur before UCT.

It is important to note, however, that the consideration of temperatures alone may be reductive in light of the other
atmospheric factors (e.g. humidity, wind speed, solar radiation) that may affect the experience of heat. There has been
an attempt to capture the effects of such factors through the development of mathematical indices to predict the risk of
heat stress in animals, however, it is unlikely that a single index is applicable in all circumstances (reviewed by Shephard
& Maloney, 2023). In light of this, recommendations are to activate heat mitigation measures when heat-related ABMs are
observed such as sweating and panting.

Short-term actions to mitigate the effects of heat stress include ad libitum water provision (see Section 3.2.7.3.2 on
‘prolonged thirst’), use of fans and sprinklers, diet management (Brown-Brandl, 2018) and minimisation of handling stress.

The use of sprinklers or mister systems for cooling is common on dairy farms where positive effects on respiration rates
and rectal temperature have been observed (Chen et al., 2015; Gaughan, Mader, Holt, & Lisle, 2008; Parrini et al., 2022). To
the EFSA experts' knowledge, this practice is uncommon in beef cattle. The only study known to the authors on sprinkler
use in beef cattle took place on a feedlot setting (Mader et al., 2007) and not indoors. While the use of sprinklers effectively
reduced ambient temperature, it was associated with an increased risk of elevated RH (Mader et al., 2007). In bedded pens,
using sprinklers indoors can be effective where ambient humidity is sufficiently low to allow water droplets to dissipate
before reaching the pen floor, or when there is high level of ventilation allowing particles to dissipate (e.g. sprinklers used
in combination with fans). Alternatively, sprinklers can be placed outside the bedded area in pens with a clear functional
area separation. Sprinklers and misters have both shown to cool the atmosphere, however sprinklers generate more waste-
water than misters (Lin et al., 1998).

Another strategy frequently used in dairy farms is the use of fans, however only a few studies have been conducted eval-
uating theirimpact on the welfare of beef cattle kept indoors (Magrin et al., 2017; Marchesini et al., 2018; Parrini et al., 2022).
Magrin et al. (2017) observed a positive effect of use of fans when the THI was above 75 with animals showing a reduction
of panting and abnormal respiration. Research on calves also reported a positive effect of fan use; calves kept in barn with
ceiling fans spend more time lying than calves allocated in a barn without ceiling fans (Parrini et al., 2022), and calves kept in
pens with ceiling fans spent more time ruminating, had greater average daily gain and clean coats compared to calves kept
in pens with axial fans (Marchesini et al., 2018). Further research is needed to determine optimal fan design and placement
to effectively reduce heat load in indoor beef cattle.

Additionally, diet management may help mitigating the effects of heat stress. A reduction of feed intake is observed
in periods of high temperatures (Blackshaw & Blackshaw, 1994; Gaughan et al., 2002; Mader et al., 2002). In dairy cows, a
reduced feed intake resulted in a decreased total calory intake directly affecting how energy was distributed in the cat-
tle's body (Rhoads et al., 2009). Increasing fat content as partial replacement of starch in the diet may help in these cases,
although this strategy alone was insufficient to alleviate heat load during very high temperatures (Gaughan, Mader, &
Holt, 2008). Supplementation of sodium bicarbonate and dietary potassium, but not potassium bicarbonate, were shown
to be beneficial to heat-stressed lactating dairy cows (Schneider et al., 1988). However, no specific data were found for beef
cattle. In any case, it is recognised that some of these unbalances are difficult to manage from a dietary point of view when
cattle are at the finishing stages in fattening farms.

If possible, cattle should be progressively (within 2-7 weeks) exposed to heat so acclimatisation takes place (Blackshaw
& Blackshaw, 1994; Shephard & Maloney, 2023). Handling stress should be minimised by reducing handling frequency and
applying gentle handling techniques. Long term strategies include design and constructions of barns optimised to mini-
mise indoor heat load.
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3.2.73.2 | Prolonged thirst

In a situation of high environmental temperatures and water restriction there is a risk of prolonged thirst. Water is critical to
maintain homeostasis because it facilitates the transfer of heat from the interior of the body of cattle to their surroundings
(Wagner & Engle, 2021). In a situation of high environmental temperatures, availability and access to water become even
more important. For recommendations on water, see Section 3.2.1.5).

3.2.73.3 | Resting problems

Exposure to high environmental temperatures leads to significant changes in cattle behaviour. In response to high
temperature-humidity index (mean THI ranging from 56.2 to 73.8) dairy cows reduced their lying time by approximately
30%, likely to increase heat dissipation rates (Cook et al., 2007a). When cattle were provided with more space (5.1 m? vs.
3.6 m?), lying time increased (Llonch et al., 2022), suggesting that during high environmental temperatures lower stocking
rates may help reducing resting problems and help with heat dissipation.

3.2.7.34 | Linked welfare consequences

Resting problems are linked with ‘locomotory disorders (including lameness)’ because prolonged standing increases
the risk of lameness with studies indicating a rise in lameness during periods of heat stress in dairy cows (Cook et al., 2007b;
Sanders et al., 2009). Mitigating resting problems is expected to reduce the risk of locomotory disorders.

3.2.7.3.5 | Welfare consequences relevant to suckler cows and suckler calves

The same welfare consequences apply to suckler cows and suckler calves. However, it is considered that the likelihood of
suffering heat stress by suckler cows and suckler calves when kept indoors is low because typically they are kept indoors
over winter only. See Section 3.4 for a discussion of heat stress in animals kept outside.

3.2.74 | Conclusions on high environmental temperatures (indoor housing)

1. Heat waves are becoming more common in the EU, and this increases the likelihood of fattening animals to be
exposed to high environmental temperatures.

2. Most of the research on high environmental temperatures and its consequences have been done in dairy cattle but

similar effects on beef are expected.

The severity of heat stress will be higher in instances where night temperatures remain high.

4. Highly relevant negative welfare consequences of exposure to high environmental temperatures are heat stress, pro-
longed thirst and resting problems. Heat stress is likely to start when temperatures exceed the upper boundary of the
TCZ but there are no precise estimates of such threshold for cattle. The risk of heat stress increases when temperatures
reach the UCT threshold (~24°C-26°C) (certainty >66%).

5. Physiological and behavioural attempts to adapt to high environmental temperatures include increased respiratory
rate, sweating, a reduction of feed intake and an increase in standing times.

6. Water demand under high environmental temperatures increases up to double of bseline needs. Increasing the fat
content in the diet is a strategy to reduce the heat load (certainty >50%) but is insufficient under high environmental
temperatures (certainty >90%).

7. Sprinklers are an effective cooling system as long as air humidity is not too high (certainty >90%), but optimum place-
ment and usage frequency has not yet been determined. Misters are an effective cooling system to be used in beef
cattle farming, as long as air humidity is not too high (certainty >66%). The use of sprinklers and misters in the bedded
lying area carries the risks to increase the moisture of the bedding material leading to negative welfare consequences
(certainty >90%).

8. The use of fans under hot environmental conditions reduces heat stress (certainty > 90%). Additionally, it keeps the bed-
ding material dry, promoting better cattle comfort (certainty >90%). Further research is needed on type of fan design
and fan placement that minimise air recirculation and maximise ventilation in beef cattle farming.

9. Barn design and construction elements (such as building orientation, insulated roofs) have a great impact on the mitiga-
tion of heat stress.

10. The effectiveness of cooling and ventilation systems in confined beef cattle are little studied and need more research.

w

3.2.7.5 | Recommendations on high environmental temperatures (indoor housing)

1. Ad libitum water should be provided under high environmental temperatures via a through. Bowls should not be
used.

2. Sprinklers should not be used in bedded lying areas. More research is needed on the use of fans and sprinklers in beef
pens for a fully effective use (optimum placement, frequency of usage and effects on cattle adaptation).
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3. Barns should be built in such a way to maximise natural ventilation (doors, windows, roof ridge), to have insulated roofs,
include more than one water trough per pen and include a permanently accessible outdoor loafing area. Fans should be
placed in such a way that air circulation above the animals is maximised.

3.3 | Minimum space allowance (feed trough, lying area and total space requirements)
3.31 | Current practices

There is currently no EU legislation setting minimum space allowances for beef cattle. Some MSs have such requirements,
e.g. Austria, where a minimum space of 2.7 2 is required for an animal of 650 kg kept on fully slatted flooring. No such
quantitative requirements are specified for bedded systems, for which a ‘sufficiently sized lying area’ is requested by the
Austrian legislation. Recommendations for space allowance found in the EU literature for commercial beef farms range
from 2.4 to 5.5 m? per animal for bedded pens and from 1.8 to 3.2 m? for slatted pens, depending on the weight (and age)
of cattle. For more details on existing recommendations on space allowance per MS, please consult the EFSA ‘Technical
Report on the most common husbandry systems and practices for keeping beef cattle’ (EFSA, 2025).

3.3.2 | Feed trough space requirements
3.3.21 | Welfare consequences of limited feeding space

‘Group stress’ was identified as a highly relevant welfare consequence of restricted space at the feed trough. Feeding
behaviour and activity patterns of managed beef cattle are influenced by the individual's rank within the social hierarchy
(Phillips, 1993). Dominant animals are typically able to access resources according to their motivation, whereas a subordi-
nate might have to adapt to dominant group members' preferences (Llonch et al., 2018). Studies on beef cattle housed in
pens with continuous access to the feed trough have shown that the simultaneous feeder use by all animals in the pen is
not frequent (e.g. less than 10% of all observations in Gottardo et al., 2004) and is mainly observed immediately after feed
delivery in case of farms with a single daily distribution of the feed (Cozzi & Gottardo, 2005; Gottardo et al., 2004). In a study
with automatic feeding systems providing feed 6 times a day, on average 20% of bulls accessed the feed trough simulta-
neously, with short peaks of visits where 40% of the animals accessed the feeder simultaneously (Schneider, Volkmann,
Kemper, & Spindler, 2020).

3.3.2.2 | Calculation of feed trough linear space requirements (cm/animal)

A linear feed space requirement of 46 cm and 56 cm per animal, respectively, was estimated using the equation proposed
by Petherick and Phillips (2009) for feed troughs (see Section 2.2.3.1) with k=0.064 and two different liveweights (400 and
700 kg).

Alternative feed trough spaces have been evaluated in experimental studies. Gottardo et al. (2004) did not observe any
change in the number of conflicts (fights and mounting activities) when comparing feed trough spaces of 60 and 80 cm/
head for Simmental bulls fattened from 320 to 615 kg liveweight under ad libitum feeding regimen. Schneider, Volkmann,
Kemper, and Spindler (2020) reported that in a study with an automatic feeding system (providing feed 6 times a day) with
a feed trough of 4.85 m in a pen with 14 animals (equivalent to 34.6 cm trough space per animal or 6.5 feeding spaces
of 75 cm width) the most frequent observation was one to three bulls feeding at the same time. This is consistent with
results from a study with 95 cm feed trough space per animal, where the simultaneous presence of more than three bulls
at the feeder was rare, and most often only one or two bulls were standing at the feed trough at the same time (Cozzi &
Gottardo, 2005).

In light of these results, the EFSA experts concluded that there is sufficient evidence to state that cattle's motivation to
synchronise their feeding behaviour is reduced when feed is provided ad libitum. Therefore, a feeding space of 60 cm per
animal was considered appropriate based the ad libitum feed regime recommended in the ‘Feeding and nutrition’ section.
This results, for example, in 4.80 m of total feed trough length for a group of 8 animals.

3.3.23 | Calculation of space needed for standing while eating (m?*/animal)

Petherick and Phillips (2009) suggested that two-dimensional space allowance requirements can be estimated through
the allometric equation A=kW0.66 where the k value stands for a constant and W for animal weight. Different values are
proposed in the scientific literature to estimate the space required for cattle to stand. For indoor housing, Gallo et al. (2023)
proposed a value of k=0.014 based on estimated area requirements based on photographs (resulting in 0.76 and 1.10 m%/
animal for animals of 400 and 700 kg, respectively). Also based on image analysis, Volkmann et al. (2021) proposed similar
values: 0.73, 0.97 and 1.09 m?/animal for weight classes <450, 450-650 and > 650 kg, respectively, but do not provide k-
values. In the context of animal transport, Petherick and Phillips (2009) recommended k=0.02 to estimate space allowance
requirements for standing. The authors noted that livestock transported in these conditions would have little additional
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space beyond what they physically occupy when standing. The UK Farm Animal Welfare Council (FAWC, 2019 as cited in
EFSA AHAW Panel, 2022b) proposed a minimum k-value of 0.021 ‘for an acceptable floor space for cattle’ while the EFSA
Scientific Opinion on the welfare of cattle during transport recommended k=0.034 to allow for sternal recumbency and
keeping balance (EFSA AHAW Panel, 2022b).

Considering the range of k-values proposed in the scientific literature, and the fact that cattle standing at the feed
trough on farm do not require additional space to cope with transport conditions (e.g. vehicle acceleration), the EFSA ex-
perts decided to adopt the value proposed by Petherick and Phillips (2009) (k=0.02). This is higher than the space require-
ments proposed by Gallo et al. (2023) and by Volkmann et al. (2021) for on-farm conditions; the additional space resulting
from a slightly higher k as proposed by Petherick and Phillips (2009) was assumed to provide the animals with room to
reach for feed while standing at the feed trough.

In summary, assuming Area= kW23, and k=0.020, 1.09 m? and 1.58 m? are the required spaces for standing while feed-
ing for animals weighing 400 and 700 kg, respectively.

3.3.3 | Lying area space requirements
3.3.31 | Welfare consequences of restricted space allowance in the lying area

The EFSA experts identified several highly relevant welfare consequences associated with restricted space allowance:
‘resting problems’, ‘restriction of movement’, ‘group stress’, ‘soft tissue lesions and integument damage’, ‘bone
lesions (including fractures and dislocations)’, ‘locomotory disorders (including lameness)’, ‘inability to perform
exploratory or foraging behaviour’ and ‘inability to perform play behaviour’. No linked welfare consequences were
identified in this context.

3.3.3.1.1 | Resting problems, restriction of movement and inability to perform exploratory or foraging behaviour

Cattle are very motivated to lie down, prioritising lying time over feeding when having to choose after deprivation of both
(Tucker et al., 2021). To assess lying behaviour in cattle, the literature refers to ABMs such as duration of standing and lying,
number of lying bouts and number and type of movements involved in getting up and lying down.

Steers and heifers housed indoors spent less time lying when provided with less than 2 m? per animal (Fisher, Crowe,
O'kiely, & Enright, 1997; Hickey, Earley, & Fisher, 2003; Keane et al., 2018b). When provided with more space (from 2.5 m?/
animal to 4.0 m%*/animal; 7 animals/pen; pen width varying from 3.5 to 5.6 m; pen depth 5 m kept constant), 56 finishing
bulls performed more lying bouts and kept a greater distance from one another, avoiding the central area of the pen
(Gygax, Siegwart, & Wechsler, 2007). With increasing space, bulls lay for longer on their sides or their belly with at least
one fore and one hind leg stretched out (Gygax, Siegwart, & Wechsler, 2007). The mean distance between a lying bull and
its nearest lying neighbour ranged from 114 cm when housed at 2.5 m?/animal to 161 cm when housed at 4.0 m*/animal
(Gygax, Siegwart, & Wechsler, 2007). This distance increased on average by 25 cm per each additional square metre of space
allowance and did not change with increasing live weight ranging from 405 to 543 kg (Gygax, Siegwart, & Wechsler, 2007).
However, no statistically significant differences in total lying duration were detected among the different space allowances
investigated in bulls (Gygax, Siegwart, & Wechsler, 2007) due to the similar mean lying times observed across treatments.
No detectable differences were also reported in a separate study of 240 heifers housed at 3.0, 4.5 or 6.0 m? per animal
(Keane et al., 2017).

In contrast, a higher total lying time was observed in fattening bulls housed at 5.1 m?/animal compared to 3.6 m?/
animal (Llonch et al., 2022). In a study in Korea, 36 steers spent more time standing when housed at 10 m?/animal (five
animals/pen) than when housed at 12.5 m?/animal (four animals/pen) or 16.67 m?/animal (three animals/pen), while
they spent more time walking and lying when provided with 16.67 m?/animal rather than at smaller space allowances
(Ha et al., 2018). The authors hypothesise that larger space allowances allow the animals more possibility for movement
(Ha et al., 2018), while giving more opportunity to lie down comfortably and keeping greater inter-individual distance
when lying. When interpreting the results of these studies, it should be considered that increasing the space allowance
per animal by changing the number of animals per pen may introduce confounding of space, resource access and social
aspects.

In addition to the amount of space available, the type of housing (indoor or outdoor) may also play a role on lying be-
haviour, although due to confounding effects it is difficult to disentangle effects of space and floor properties and indoor/
outdoor conditions. Finishing steers (N=960) housed in groups of 40 animals in an open feedlot in the USA at 14.7 m?/
animal spent less time lying and more time walking than steers housed in a bedded hoop barn at 4.65 m?/animal (Johnson
et al., 2011). This difference may be due to longer distances required to reach feed troughs. When comparing groups of 6
individuals housed indoors in CSFs at a space allowance of 3 m?/animal with groups housed outdoor with at least 6 m?/
animal, the ones housed outdoor performed more lying bouts per day and ‘displayed less hesitation before lying when
compared with animals housed indoors’ (Hickey et al., 2002). Therefore, larger space allowances might increase walking
behaviour while not hampering resting opportunities although interpretation of the results is difficult due to confounding
effects mentioned above.
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3.3.3.1.2 | Groupstress

Group stress is influenced by the frequency and type of social interactions. Several authors (Cortese et al., 2020; Fisher,
Crowe, O'kiely, & Enright, 1997; Fisher, Crowe, Prendiville, & Enright, 1997; Hickey et al., 2002; Hickey, Earley, & Fisher, 2003;
Keane et al., 2017) did not report statistically significant effects of different space allowances on the occurrence of agonistic
interactions. Thirty-two heifers kept in groups of eight animals/pen did not show differences in pushing, butting or
threatening other individuals at a stocking density 1.5 or 3.0 m?/animal (Fisher, Crowe, Prendiville, & Enright, 1997). Neither
96 heifers housed in groups of 8 individuals either at 1.5 m?/animal, 2.0 m?/animal, 2.5 m?/animal or 3.0 m?/animal differed
in performing aggressive (butting, pushing, threatening) or social (licking, sniffing, nuzzling) behaviours (Fisher, Crowe,
O'kiely, & Enright, 1997). Similarly, 75 finishing steers did not differ in the amount of aggressive behaviour (butting or
threatening another individual, or interrupting pen mates' lying or feeding bouts) performed when housed at 1.5 m?/
animal, 2.0 m?/animal, 3.0 m?/animal or 4.0 m%/animal (Hickey, Earley, & Fisher, 2003). Mounting or head-butting behaviour
was not influenced by space allowance neither in 240 heifers housed in groups of 10 individuals at either 3.0 m*/animal
on CSFs, 4.5 m?/animal on CSFs or 6.0 m?/animal on straw (Keane et al., 2017). Finishing bulls housed at a stocking density
of 10 animals/pen (3.5 m*/animal) did not differ in mounting, chasing or displacing pen mates compared to those housed
at a lower stocking density of 8 animals/pen (4.37 mz/animal) (Cortese et al., 2020). These results suggest that an increase
in space allowance up to 4 m?/animal is not associated with a reduction in aggressive behaviour, although the lack of
statistically significant differences may be due to the relatively small sample sizes observed in the studies. There is no
sufficient evidence on the exact space allowance value above which a reduction in aggressive behaviour seems to occur.

In contrast, fighting (illustrated in the article with a photograph of two steers standing and showing frontal head-to-
head contact) occurred more frequently in steers housed at 10 m?/animal (five animals/pen) compared to treatments that
provided either 12.5 m?/animal (four animals/pen) or 16.67 2/animal (three animals/pen) (Ha et al., 2018) in a study with
36 steers. However, Hickey et al. (2002) did not detect differences in aggressive interactions (defined as ‘any behaviour
initiated by a standing animal towards a standing counterpart, which was confrontational in nature and resulted in the
latter retreating from the action’) in 126 finishing steers kept indoors at 3 m*/animal and animals housed outdoors at 18
m?/animal. In summary, a decrease in fighting behaviour (Ha et al., 2018) was only found when comparing generally much
larger space allowances than studied by Fisher, Crowe, O'kiely, and Enright (1997); Hickey, Earley, and Fisher (2003); Keane
etal. (2017); and Cortese et al. (2020) with the exception of Hickey et al. (2002). However, in the latter study the overall num-
ber of aggressive interactions was low (mean of seven interactions during 3 h in groups of six animals) and it compared two
different housing systems and hence the results are considered less comparable to the other studies.

With regards to non-agonistic social behaviours (licking, sniffing, nuzzling), their frequency was reduced in 75 steers
housed in groups of 5 at 1.5 m?/animal compared to steers housed at 4.0 m?/animal (Hickey, Earley, & Fisher, 2003). A reduc-
tion in the frequency of such social interactions was also found in 32 heifers housed in groups of 8 individuals at 1.5 m?/
animal compared to those housed at 3.0 m?/animal (Fisher, Crowe, Prendiville, & Enright, 1997). The authors hypothesise
that larger space allowances may allow more voluntary social contact, which is often restricted to involuntary contact in
higher stocking densities (Fisher, Crowe, Prendiville, & Enright, 1997). Keane et al. (2017) did not observe differences in self-
and allo-grooming among 240 heifers housed at either 3.0, 4.5 or 6.0 m*/animal.

The potential impact of environmental enrichment on agonistic interactions was tested by Matkovi¢ et al. (2020) in a
study involving a total of 66 heifers divided in four groups. The enrichment consisted of a mechanical grooming brush and
two salt blocks. Heifers housed at high stocking density (3.3 mz/animal; 19 animals/pen) used enrichment material more
frequently than those in low density (4.5 m?/animal; 14 animals/pen). Head butting was largely increased in the low-density
group without enrichment (21 times during the 2 h/week observations throughout the four-month study period, com-
pared to five or four times in the other groups) and chasing occurred more frequently in non-enriched pens, both with low
and high stocking density. The authors give no explanation for the increased butting in the lower density group. However,
as only one group per treatment was investigated, single animals may have largely affected results, with independence of
the statistical units being questionable.

3.3.3.1.21 | Synchronous behaviour

Group stress can also result in lack of synchronous lying behaviour. Synchronous behaviour refers to the simultaneous vol-
untary exhibition of a certain behaviour (Duranton & Gaunet, 2016). A review paper on behavioural synchronisation argued
that synchronous behaviour has different adaptive values, such as decreasing the pressure of predation on offspring by syn-
chronising reproduction, but also increasing the effectiveness of anti-predation strategies through collective avoidance of
threats and predators or the so-called dilution effect, and increasing social cohesion (Duranton & Gaunet, 2016). Although
direct links between synchronous behaviour and positive welfare have not (yet) been demonstrated by research, a high
degree of synchronous behaviour has been proposed as an indicator of positive welfare in cattle (Napolitano et al., 2009),
sheep (Gautrais et al., 2007) and goats (Miranda-de la Lama & Mattiello, 2010; reviewed by Mattiello et al., 2019).

Voluntary synchronicity is especially observed on pasture. The synchronisation of behaviour in fattening bulls was
found to be higher on pasture than in pens (Tuomisto et al., 2019), and on outwintering pads compared to slats (Hickey
et al., 2002), and dairy cows were more synchronised on pasture than in tie stalls (Krohn et al., 1992). Nevertheless, synchro-
nous behaviour also occurs indoors. A study on the lying synchronicity of a dairy cow herd housed under two different
systems (a conventional milking unit and an automatic milking system) determined that the lying synchronicity (calculated
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from overdispersion of a binomial process, i.e. lying/not lying) tended to be slightly higher in the automatic milking unit
(Raussi et al., 2011). The authors concluded that synchronised lying in cows appears to be a ‘constant phenomenon that
depends on social facilitation rather than on external cues’, i.e. is little influenced by milking or feeding events. This is fur-
ther supported by findings from (Flury & Gygax, 2016) who studied behavioural synchronicity across different farm types
(farms with suckler cows, farms with dairy cows milked by staff in a milking parlour and farms with dairy cows milked by a
robot). They concluded that even in systems with the weakest synchrony-promoting factors (i.e. milked by a robot), a high
level of synchronicity was still observed. Based on this, the authors suggested that ‘synchrony may be a behavioural need
for cows’ (Flury & Gygax, 2016). Although there is not sufficient evidence to state that synchrony is a behavioural need i.e.
a biological requirement, evidence indicates that synchronicity has adaptive values and that cattle will synchronise their
behaviour if they have an opportunity to do so.

Social cohesion might also play a role in synchronous lying, as observed in an Australian study with 60 steers in groups
of five individuals per pen (indoor pens with concrete flooring covered by RMs, (Mayes et al., 2025)). Synchronous lying
increased with the number of days the group of steers spent together, likely impacted by the adaptation to the new social
group (Mayes et al., 2025). Also, the authors suggested that ‘more pen space led to a slight increase in synchronous lying’
(Mayes et al., 2025). Suckler cows demonstrated a daily pattern of lying and feeding synchrony at least as strong as the one
observed in dairy cows milked in a parlour, suggesting a role of internal motivation factors in synchronous behaviour in
addition to external ones (e.g. milking and feeding times) (Flury & Gygax, 2016).

3.3.3.1.2.2 | Spacing behaviour

Beef cattle unable to show spacing behaviour due to insufficient space may also experience group stress. The term ‘social
space’ has been coined by Dawkins (1985) and was further defined by Keeling (1994) as ‘the space required by a group of
animals to position themselves appropriately in relation to each other’. Spacing behaviour was observed in beef cattle
(8 steers and 20 heifers of Hereford breed) kept in large areas (estimated as ~890 m?/animal in pasture, during summer
and ~ 15 m%/animal in a dry lot, over winter). The mean distance between individuals (across all behaviours) was 49 m
on pasture and 12 m on dry lot, while the mean distance to the nearest neighbour was 4.5 m on pasture and 1 m on dry
lot (Kondo, Masato, et al., 1989). In a study involving 196 calves and 602 heifers and dairy cows (Hereford, Holstein, and
Holstein crosses) the mean head-to-head distance to the nearest neighbour increased as group size decreased, and space
allowance generally increased. However, beyond a space allowance of 360 m? per animal, no further increase in spacing be-
haviour was observed. At this space allowance, the average distance to the nearest neighbour in the adult group reached
a plateau at approximately 10-12 m (Kondo, Sekine, et al., 1989).

A study on bulls indicated that the mean distance between animals increased when more space was provided: the
mean distance between a lying bull and its nearest lying neighbour went from 114 cm when housed in 2.5 ?/animal to 161
cm when housed in 4.0 %/animal (Gygax, Siegwart, & Wechsler, 2007). This distance increased by 28.0% with each addi-
tional square metre of space allowance and did not change with increasing live weight ranging from 405 to 543 kg (Gygax,
Siegwart, & Wechsler, 2007). Spacing behaviour has also been reported in dairy cows, the median distance reported in
cows kept in cubicles in six dairy herds was between 6 and 7 m (Gygax et al., 2010).

3.3.3.1.3 | Soft tissue lesions and integument damage, bone lesions (including fractures and dislocations) and locomotory
disorders (including lameness)

No studies were found investigating a relationship between soft tissue lesions, integument damage or bone lesions
and space allowance. Keane et al. (2018b) found no influence of different space allowances (2.0 2/animal, 2.5 2/animal or
3.0 2/animal) on claw lesions of 120 steers observed. However, different space allowances influenced the occurrence of
mild lameness (categorised as such when it did not impair the regular conclusion of the fattening cycle of the affected
bull) and severe lameness (when it required early culling of the animal) in fattening bulls in a separate study (Magrin,
Gottardo, Contiero, et al., 2019). An increase in space allowance from 3.5 2/animal to 4.0 2/animal for bulls housed in
CSFs led to a smaller prevalence of mild (from 4.45% in 3.5 2/animal to 1.43% in 4.0 2/animal) and severe (from 2.24%
in 3.5 2/animal to 1.54% in 4.0 2/animal) lameness events (Magrin, Gottardo, Contiero, et al., 2019). Additionally, bulls
housed on deep litter at 5.5 2/animal were less affected by mild lameness than bulls housed at 5.0 2/animal (3.12% of
affected bulls in 5.0 2/animal, 0.57%in 5.5 2/animal, Magrin, Gottardo, Contiero, et al., 2019). The authors suggested that
a space allowance above 5.0 2/animal should be provided to prevent lameness (Magrin, Gottardo, Contiero, et al., 2019).
Also 1350 finishing bulls housed in outdoor feedlots in Brazil in groups of 150 individuals were affected by lameness
more frequently when housed at 6 2/animal compared to higher space allowances (12 2/animal, 24 2/animal) (Macitelli
et al., 2020). Prevalence of lameness did not differ between bulls housed at 3.5 2/animal or 4.37 %/animal (Cortese
et al.,, 2020), although Cortese et al. (2020) speculated that larger space allowances might give bulls more chances of
complete recovery after lameness events. These observations suggest that even a small increase of 0.5 %/animal may
contribute to a decreased risk of lameness, although factors such as housing, flooring, bedding type and material also
play a role. Therefore, further research is needed to confirm such a relationship between increased space and lameness
reduction in beef cattle.
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3.3.3.1.4 | [Inability to perform play behaviour

There are currently no studies looking at the relationship between space allowance and play behaviour in adult beef
cattle. However, based on the behaviour of younger beef animals (e.g. steers and heifers performing social play (Bagnato
etal., 2023; Francesconietal., 2024), and of dairy calves (e.g. dairy calves performing locomotor play and social play (Bertelsen
& Jensen, 2019; Jensen et al.,, 1998), it is hypothesised that adult beef animals will also demonstrate play behaviour, even if
at lower frequencies, when space is not restricted.

Motivation to play was investigated by Jensen (1999), who observed the behaviour of 48 heifers in an open field test,
after having been tethered by a neck-bar tie for a minimum of 1 week to a maximum of 4 weeks in an individual pen mea-
suring 3.6 x 1.75 m. While there was no effect of the time spent tethered on the duration of walking and trotting, the time
spent tethered influenced the number of heifers that galloped and buckled in the test arena (Jensen, 1999). These results
might indicate a motivation to perform locomotory behaviour when the possibility to do so has been previously restricted.
No other studies on the relationship between space allowance and play behaviour in adult cattle were found.

An overview of the main welfare effects reported in the reviewed studies is presented in Table 6.

TABLE 6 Summary of results from literature on the relationship between space allowance and beef cattle welfare.

Minimum space
allowance investigated
per study (m*/animal) Main welfare effects

1.5 Daily lying time was lower for heifers at 1.5 m? compared to 2.0 m?, 2.5 m? and 3.0 m?*/animal (Fisher, Crowe, O'kiely,
& Enright, 1997)

The duration of each lying bout was lower for heifers at 1.5 m? compared to 2.0 m?, 2.5 m*/animal (Fisher, Crowe,
O'kiely, & Enright, 1997)

No difference in aggressive (butting, pushing, threatening another animal) or social behaviours (licking, sniffing,
nuzzling another animal) between heifers housed at 1.5 m?/animal, 2.0 m?/animal, 2.5 m?/animal or 3.0 m%/
animal (Fisher, Crowe, O'kiely, & Enright, 1997)

No difference in aggressive interactions (butting, pushing, threatening another animal) among heifers at 1.5 m?
compared with 3.0 m?/animal (Fisher, Crowe, Prendiville, & Enright, 1997)

Higher frequency of head-resting behaviour (when a standing animal rests its head on a lying conspecific) and lower
social interactions (licking, sniffing or nuzzling another animal) in heifers housed at 1.5 m?/animal compared to
heifers housed at 3.0 m?/animal (Fisher, Crowe, Prendiville, & Enright, 1997)

No difference in time spent eating defined as an animal being at the feed trough with head lowered into the feed
bin and/or visible mastication of feed while at the feed bin) nor in aggressive interactions (butting, threatening,
interrupting another animal lying or eating) for animals housed at 1.5 m% 2.0 m%; 3.0 m? or 4.0 m*/animal (Hickey,
Earley, & Fisher, 2003)

Lying time was reduced for finishing steers at 1.5 m?/animal compared to 2.0, 3.0 or 4.0 m*/animal (Hickey, Earley, &
Fisher, 2003)

The social interactions (licking, sniffing or nuzzling) observed in finishing steers at 1.5 m?/animal on CSFs were lower
than for animals housed at 4.0 m?/animal on straw (Hickey, Earley, & Fisher, 2003)

2 The lying time, the number of steers lying simultaneously and the number of steers observed self-grooming were
lower at 2.0 m? than at 2.5 m? and 3.0 m?/animal (Keane et al., 2018b)

2.5 No statistical differences in bulls' lying time when housed at 2.5 m?/animal compared to 3, 3.5 or 4.0 m*/animal
(Gygax, Siegwart, & Wechsler, 2007)

Bulls showed less lying bouts when housed at 2.5 m*/animal compared to 3.0.5, 3.5 or 4.0 m*/animal (Gygax,
Siegwart, & Wechsler, 2007)

Bulls spent less time in an outstretched body posture when housed at 2.5 m?/animal compared to 3.0, 3.5 or 4.0 m?/
animal (Gygax, Siegwart, & Wechsler, 2007)

Bulls kept a shorter lying distance to the nearest lying bull when housed at 2.5 m?/animal compared to 3.0, 3.5 or 4.0
m?/animal (Gygax, Siegwart, & Wechsler, 2007)

Bulls housed at 2.5 m?/animal kept shorter inter-individual distances compared to bulls housed at 3.0, 3.5 or 4.0 m%/
animal (Gygax, Siegwart, & Wechsler, 2007)

3 No difference in aggressive interactions (standing animal towards a standing counterpart, confrontational in nature
and that resulted in the latter retreating from the action) between steers housed indoors at 3 m?/animal and
animals housed outdoors at 18 m*/animal, but agonistic interaction levels were generally low (Hickey et al., 2002)

Animals kept indoors at 3 m?/animal had a lower number of daily lying bouts compared to animals confined in
outwintering pads (OWPs) at 18 m?/animal (Hickey et al., 2002)

The frequency of synchronised lying behaviour was lower for animals housed indoors at 3 m/animal than for
animals confined on OWPs at 18 m?/animal (Hickey et al., 2002)

No difference in lying time, eating time (head down, actively biting feed), social (self- and allogrooming) and
aggressive interactions (mounting, head-butting) among animals housed at 3.0 m? or 4.5 m?/animal on CSFs and
at 6 m%/animal on straw (Keane et al., 2017)

(Continues)
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TABLE 6 (Continued)

Minimum space
allowance investigated

per study (m?/animal) Main welfare effects
3.5 More lameness cases detected in bulls at 3.5 m?/animal compared to 4.0 m*/animal (Magrin, Gottardo, Contiero,
etal., 2019)

Finishing bulls showed no differences in social interactions (mounting, chasing, head/butt displacements) at 3.5 m?/
animal compared to 4.37 m?/animal (Cortese et al., 2020)

Daily activity was lower in animals housed at 3.5 m?/animal compared to 4.37 m?/animal (Cortese et al., 2020)

Daily rumination did not differ between animals housed in 3.5 m?/animal compared to 4.37 m?/animal (Cortese

etal., 2020)

3.6 Shorter lying time of fattening bulls at 3.6 m?/animal compared to 5.1 m?/animal (Llonch et al., 2022)

4.65 Steers housed in an hoop barn (4.65 m*/animal) spent more time lying and less time standing and walking compared
with steers housed in an open feedlot with shelter (14.7 m?/animal) Johnson et al., 2011)

5.0 More mild lameness cases detected in bulls housed at 5.0 m?/animal compared to 5.5 m?/animal (Magrin, Gottardo,
Contiero, et al., 2019)

6 Higher occurrence of lameness in bulls at 6 m?/animals compared to 12 or 24 m?/animal (outdoor feedlots) (Macitelli
etal., 2020)

10 Bulls at 10 m*/animal spent more time standing and more time fighting compared to 12.5 and 16.67 m*/animal (Ha
etal., 2018)

Bulls housed at 10 m?/animal spent less time walking than bulls housed at 16.67 m?/animal (Ha et al., 2018). Bulls
housed at 12.5 m?/animal also spent less time walking than bulls housed at 16.67 m?/animal (Ha et al., 2018).
There was no difference in walking time between bulls housed at 10 m?/animal and at 12.5 m*/animal (Ha

etal., 2018)
3.3.3.2 | Results from the behavioural model and expert knowledge elicitation (EKE)
3.3.3.21 | Results of lying area requirements

It was estimated that beef cattle in groups of 8-20 animals are motivated to keep on average an inter-individual distance to
the nearest neighbours of 4.7 m (median estimate from the EKE, with a 90% certainty interval of 2.2 and 10.2 m) (Table 7).
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TABLE 7 Results of EKE-estimated values and of values estimated for different percentiles following the fit of the beta distribution.

Parameter
Question

Unit

Percentiles

EKE results

Fitted distribution

Abbreviation: P, percentile.

Minimal inter-individual distance

What is the minimum (average) inter-individual distance to the nearest neighbours that cattle are motivated to keep when all animals are lying synchronously under unrestricted conditions?

[m]
P1 P2.5 P5 P10 P16.7 P25 P33.3 P50 P66.7 P75 P83.3 P90 P95 P97.5 P99
2.0 2.1 2.2 2.4 27 3.2 3.6 4.7 6.0 6.8 7.9 9.0 10.2 1.1 12.0

BetaGeneral (¢=0.97751, #=2.6953, min=1.95, max = 14.3) with shape parameter q, f indicate a positive-skewed distribution on the range from min to max.
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These values were then used as input in the behavioural model described in Section 2.2.3.2 to estimate the lying area

requirements.

For eight animals, this results in a lying area of 11 m? per animal (with a 90% certainty interval of 2.7-48 mz/animal).
Figure 5 depicts the assumed animal distribution and the corresponding pen dimensions assuming a long-to-short pen
side length ratio of 1.15 (which corresponds to an optimal use of space).

FIGURE 5 Animal distribution and pen dimensions estimated via the behavioural model for groups of eight animals. Assuming a median
distance of 4.7 m between animals and a long-to-short pen side ratio of 1.15, this results in a pen of ~8x 11 m (total area of 88 m?) for a pen keeping

eight animals.

Based on the current available knowledge, the most likely required space allowance is 11 m?/animal (for animals > 400
kg kept in groups of 8), but it may be that due to uncertainties the value can be as low as 3 m?/animal or as high as 48 m%/
animal. Due to the effects of animal distribution in the pen, the calculations of necessary space will vary depending on the
group size. Estimation of space allowance per animal for groups of 8, 14 and 20 animals is shown in Table 8.

TABLE 8
EKE outputs.

Group size
8

14

20

Estimation of space allowance per animal based on behavioural model and

Median space allowance
per animal in the lying area 95% confidence interval

[m?/animal] [m?/animal]
n 3-48
13 3-60
14 3-65

The large space interval indicated in the 90% certainty interval is due to the unknown effect of some factors on space
allowance. Table 9 summarises the sources of uncertainty on the estimate.

TABLE 9 Sources of uncertainty when determining space allowance needs for the lying area.

Source of uncertainty

Missing data on effects of indoor space
allowances >6 m*/animal

Effects of the presence of horns

How the quality of space influences space
allowance needs

Reasoning

Missing studies on the spacing behaviour of cattle in large space
allowances in indoor pens and potential influence of other
factors (e.g. floor, climate).

Unknown effect of the presence of horns, i.e. horned animals may
need larger space

A more complex environment may stimulate animals to perform
a wider behavioural repertoire, and this may impact space
allowance requirements

Direction of effect

Under- or overestimation

Under- or overestimation

Under- or overestimation
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3.3.3.2.2 | Summary of the discussion of EFSA experts during the EKE

Reasoning behind lower and upper ranges (P1% and P99%): During the EKE, experts explained the reasoning behind
their estimates for the upper and lower bounds. For the lower bound, reference was made to Gygax, Siegwart, and
Wechsler (2007) reporting an average distance between a lying bull and his nearest lying neighbour of 1.6 metres in a pen
of 4.0 m*/animal. However, since this study did not evaluate larger space allowances, the EFSA experts opted for increasing
the average minimum distance to 2 metres. This adjustment reflects the group's view that the animals' welfare will be
impaired and the animals will not be motivated to lie down with an inter-individual distance lower than two metres. For
the upper bound, experts referred to (Kondo, Sekine, et al., 1989), reporting an average distance between an adult animal
and the nearest neighbour of 10-12 metres across a range of behaviours, and EFSA experts considered that there will be no
further addition to animal welfare and the animals' motivation to lie down will no longer increase with an inter-individual
distance higher than 12 metres.

Reasoning behind median value (P50%): The experts considered that a value of 4.5 m was a fair estimate of the
median inter-individual distances beef cattle are motivated to keep while lying indoors. The individual judgements pro-
vided by the experts were closer to each other, reflecting a low uncertainty among the experts about the choice of the
1st quartile (P25%, ~3 m). The individual judgements provided by the experts for the third quartile were spread along a
higher range of values, reflecting a higher uncertainty among the experts about the choice of this quartile (P75%) (~6 m)
compared to the 1st quartile. Sources of uncertainty around the estimates were also discussed.

3.34 | Total space requirements

Total space requirements in both slatted and bedded pens were calculated by adding the space required for feeding and
lying (see results Sections 3.3.2 and 3.3.3, respectively). For cattle above 400 kg kept in groups of 8, a total indoor space
allowance of ~13 m? per animal (90% certainty interval 5-50) was estimated.

3.3.5 | Conclusions on minimum space allowance (feed trough, lying area and total space
requirements)

1. Current space allowances observed in commercial beef farms range from 2.4 to 5.5 m? per animal for bedded
pens and from 1.8 to 3.2 m? for slatted pens, depending on the weight (and age) of cattle.

2. Highly relevant welfare consequences of restricted space allowance are resting problems, restriction of movement,
group stress, soft tissue lesions and integument damage, bone lesions (including fractures and dislocations) and loco-
motory disorders (including lameness).

3. There is little research on the effects of space allowance >6 m?/ animal on the welfare of housed cattle, but providing
larger space allowances generally increases lying time and allows for more inter-individual spacing, as well as more
movement opportunities (certainty >90%).

4. Anincrease in space allowance up to 4 m*/animal is not associated with a reduction in aggressive behaviour (certainty
>66%). There is not sufficient evidence on the exact space allowance value above which a reduction in aggressive be-
haviour is observed.

5. There are no studies investigating the relationship between space allowance and play behaviour in beef cattle older
than 6 months, although evidence from other cattle categories suggests that adult cattle are motivated to perform
locomotory play.

6. There is limited data on the spacing behaviour of beef cattle when indoors. More information on the spacing behaviour
of beef cattle is available for animals kept on pasture, where space allowance is typically not restricted.

7. Itis estimated that a minimum feed trough space of 60 cm per animal is sufficient when feed is provided ad libitum.

8. A space allowance of 1.1 and 1.6 m? is needed for standing while feeding for animals weighing 400 and 700 kg, re-
spectively. It is estimated that fattening cattle >400 kg need ~11 m? per animal for lying (>90% certainty interval
3-48 m). It is expected that younger animals with lower body weights are motivated to keep shorter inter-individual
distances.

9. Atotal indoor space allowance of ~13 m? per animal >400 kg is estimated (>90% certainty interval 5-50 m?).

10. Additional outdoor space has benefits (see recommendations in Section 3.2.4.5). Depending on outdoor conditions
(e.g. presence of covered area, outdoor feed trough, dry and comfortable lying area), sharing of space between indoor
and outdoor areas is possible (certainty > 66%).

3.3.6 | Recommendations on minimum space allowance (feed trough, lying area and total space
requirements)

1. Regardless of the type of flooring, space allowance per animal should be increased in relation to current prac-
tice (ranging from 2.5 to 4.5 m*/animal) to reduce resting problems, restriction of movement, group stress and
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locomotory disorders (including lameness). It is recommended to increase the total space allowance to ~13 m? per
animal (for animals >400 kg) to allow for synchronous lying and further reduce group stress.
2. A minimum feed trough space of 60 cm per animal is recommended when feed is provided ad libitum.

3.4 | Welfare of cattle kept outside

This section addresses the welfare of cattle kept on pasture including the use of outwintering pads (Section 3.4.1) and cattle
kept in feedlots (Section 3.4.2).

341 | Welfare of cattle kept on pasture
3411 | Nutrition and feeding
34110 | Current practices

Cattle at grass predominantly rely on forage including grasses, legumes, and other vegetation as their primary source
of nutrition, with minimal or no supplementation of grains or concentrates. Outwintered cattle frequently receive
supplementary conserved forage, i.e. hay or silage, and may also receive some additional concentrate feed. Supplementary
forage is commonly offered via round or long feeders, or by placing bales directly on the ground, with varying proximity
to shelters, ease of access and quality of the ground around the feeding points.

34.1.1.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of nutrition and feeding practices when kept on pasture are
‘prolonged hunger’, ‘gastro-enteric disorders’ and ‘metabolic disorders’. No linked welfare consequences were
identified in this context. The definition of each WC is available in Section 2.3.

34.1.1.3 | Preventive and mitigating measures
341131 | Prolonged hunger

As cattle on pasture receive most of their nutrition from it, the availability and composition of the sward is a critical factor
in determining their health and welfare. The energy requirements of the animals vary considerably with their metabolic
needs (for example, affected by size, growth, lactation or pregnancy), activity level, heat loss due to climatic conditions
(i.e. low temperatures, there is a wind chill and/or wet coat) and the degree of insulation by fat and coat (Cabezas-Garcia
et al,, 2021; Caton & Olson, 2016) (see also Section 3.4.1.3.3.1 on ‘cold stress’). Beef cattle at pasture spend between 7 and
13 h grazing per day (4.5-9 h during daylight) (22 studies reviewed by Kilgour, 2012). When there is insufficient sward and/
or supplementary feed is not provided, it is likely that the animals will experience hunger, and over time fail to grow as
expected and to produce the expected sufficient milk for a calf, and/or lose body condition.

Cattle may experience hunger at any time of year, but outwintering presents a particular challenge in ensuring ad-
equate nutrition for cattle. Ryegrass blades barely grow under 5°C (Nagelmdiller et al., 2016) and therefore there either
needs to be sufficient grass already grown for the animals to cover the periods of time with temperatures below 5°C or
supplementation will be required. The feed provided must be sufficient to cover energy requirements including heat
loss, and in addition must be accessible to the animals, not covered by snow or under water or far away from shelter
during harsh weather. A Swiss study of Scottish Highland 13 cows kept outside for 13 daysand then housed for 13 days
found that the cows spent 48% more time eating when outside (6 h vs. 4 h), and significantly more time ruminating,
with more chewing cycles related to eating and rumination, more regurgitated cuds and more chewing cycles per
cud than when housed, suggesting they change their feeding behaviour in response to climatic conditions (Braun
etal., 2014).

Apart from winter, other situations when beef cattle may be particularly at risk of experiencing hunger include periods
of poor grass growth, for example during a drought period (seasonal conditions or climatic event); inability to access grass,
for example due to flooding; overstocking/overgrazing of the pasture, for example through disease control restrictions
limiting cattle movements; individual animals within a group experiencing hunger, for example through not being able to
compete for food when availability is limited in amount or area; or when facing particularly high metabolic demands, for
example when having twins.

Monitoring both eating in the short term, and body condition score (BCS) in the longer term, are critical to ensuring
that animals are consuming sufficient food. These and other outcomes such as live weight gain or physiological param-
eters are reported in studies of different nutritional regimes over winter when risk of poor nutrition is high (e.g. Capitan
et al., 2004; Kelln et al., 2011; Legesse et al., 2012; Manninen et al., 2007; Manninen et al., 2008; Morgan et al., 2009).
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Provision of supplementary feeding in periods of low grass growth is crucial to ensure feed resource availability and
maintenance of BCS.

34.1.1.3.2 | Gastro-enteric disorders and metabolic disorders
34.1.1.3.21 | Endoparasites

The impact of endoparasite infection on welfare is not always predictable, ranging from sub-clinical infections with
few adverse effects occur for some parasite species in some host individuals to clinical manifestations in others such
as soft faeces, anaemia or poor body condition depending on factors such as host susceptibility, type and prevalence
of parasite or pasture management. A range of gastro-intestinal parasites can affect beef cattle reared in a grass-based
system with or without winter housing. The most frequently identified parasites on five German beef suckler cow herds
were Fasciola hepatica, gastro-intestinal nematodes (GIN), Eimeria spp., Moniezia spp. and Dictyocaulus viviparus, with
one or more species identified in 41% of 708 samples taken over 17 months, although clinical signs were never observed
(Gillandt et al., 2018). A study of German suckler beef calves found Giardia duodenalis, Cryptosporidium parvum, Eimeria
spp., Strongyloides papillosus and other strongyles (Jager et al., 2005). Samples from three pasture-based beef farms in
Romania found evidence of GIN (family Trichostrongylidae), tapeworms (Moniezia spp.) and oocysts of coccidia (Eimeria
spp.) on all of the farms, and fluke eggs (Paramphistomum spp.) on one farm (Kubelka, 2016). In 5573 faecal samples from
115 beef cattle farms across Czechia a 30% prevalence of paramphistomid fluke eggs was found (Cerven4 et al., 2022),
and a study of 32,007 slaughtered lIrish fattening beef cattle found a prevalence of 22% for Fasciola hepatica (Carroll
et al., 2020). Many of these species rely on aspects related to grazing pasture for transmission, for example the presence
of an intermediate host such as a fresh-water snail (Gastropoda: Lymnaeidae) for Fasciola hepatica. Pasture management
is part of a suite of preventative or treatment measures, together with including diagnostic testing and anthelmintic
administration (Kumar et al., 2013).

34.1.1.3.2.2 | Trace mineral deficiencies, metabolic diseases and toxicities associated with grazing

Arange of trace mineral deficiencies can occur in grazing cattle depending on the sward composition, soil type, climate and
individual requirements, with selenium, copper, zinc, manganese and iodine deficiencies being most common. Prevention
and/or treatment utilises supplementation via salt licks, boluses, injections or fortification of energy or protein supple-
mentary feed (Arthington & Ranches, 2021). Hypomagnesemia, sometimes known as ‘grass staggers’ or ‘grass tetany’, is a
metabolic condition that typically, but not exclusively, occurs in lactating animals grazing fast-growing grass in the spring
or sometimes autumn. Due to the rapid progression of clinical signs that may include muscle fasciculations, elevated heart
rate and nystagmus, up to seizures and collapse, urgent treatment with intravenous magnesium solution is required to
prevent death. Pre-emptive magnesium supplementation may help prevent cases at high-risk times, in particular following
a case in the group (Hindman, 2023).

Furthermore, a wide variety of toxic plants can cause disease in grazing cattle. The likelihood of ingestion and clinical
signs or death depends on the species eaten, availability of other food and amount ingested (Anadon et al., 2018).

Active health and welfare planning in conjunction with a veterinarian and/or nutritional advisor may help prevent wel-
fare problems associated with grazing (Caldrow, 2016).

34.1.2 | Wateraccess

34.1.21 | Currentpractices

Drinking water may be provided to cattle at pasture from natural sources such as ponds, streams or springs, or from troughs
or tanks fed by pipes from mains or springs. Checking whether water is available (for example, not frozen), and that the
water filling system is working is an important daily task for stock people caring for cattle at pasture.

34.1.2.2 | Welfare consequences

The WCs selected as highly relevant for cattle related to water access when kept on grass are ‘prolonged thirst’, ‘heat
stress’ and ‘group stress’. No linked welfare consequences were identified in this context. The definition of each WC is
available in Section 2.3.

34.1.2.3 | Preventive and mitigating measures

34.1.23.1 | Prolonged thirst

Cattle may experience thirst, if insufficient water is available to supplement that available through grazing. In northern

Europe a suckler cow with her calf may drink 50 L of water per day, and a 350 kg fattening animal may drink 14 L (Farm
advisory service, 2022). Animals may become thirsty if water sources dry up, for example during a drought period, or if
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there are problems such as a cracked trough, frozen pipe or broken tap system. When cattle become thirsty, they may
initially appear restless around the expected water sources, however as dehydration progresses, they become subdued
and physiological processes are further altered (Silanikove, 1994).

The mineral and pathogen content of water sources for cattle on pasture affect water palatability and vary depend-
ing on the quality of the source and transmission, for example, the cleanliness of pipes and troughs. In one study, water
consumption and weight gain of calves at pasture was greater when water from a dugout was aerated and pumped
to a trough compared to drinking directly from the dugout source, assumed to be due to better palatability (Lardner
et al., 2005). Bica et al. (2021) found that beef cattle drinking from troughs gained more weight and had more frequent
drinking bouts and less time overall spent drinking than those drinking from with a pond as their water source. Cattle
drinking from natural or artificial waterholes can also facilitate the transmission of water-borne diseases such as tuber-
culosis (Herrero-Garcia et al., 2024) or leptospirosis (Zamir et al., 2022). For a discussion on how water quality (regarding
microbial contamination, salinity and sulfate content) affects drinking behaviour of beef cattle, see Section 3.2.1 on
water access for housed animals.

34.1.23.2 | Heatstress

When cattle are under heat stress the physiological mechanisms employed to dissipate heat, such as sweating and in-
creasing respiration, also increase water loss, requiring increased water intake to prevent dehydration (Edwards-Callaway
etal,, 2021). Likewise, limited access to water will increase the risk of experiencing heat stress due to the inability to employ
preventative physiological mechanisms.

34.1.233 | Group stress

Competition over resources may result in stressful agonistic interactions of cattle at pasture and influence the ability of in-
dividual animals to avail themselves of important elements, including shade and water (Schiitz, Rogers, et al., 2010). Social
hierarchy can affect access to resources of cattle at pasture with dominant cows reducing access of lower-ranked animals to
food (Bica et al., 2020; Phillips & Rind, 2002) or water (Coimbra et al., 2012). It is important to ensure the amount of water and
number of watering points are sufficient to prevent the negative effects of competition, particularly when competition is
likely to be increased when there is a high risk of heat stress.

34.1.3 | Outwintering (protection from cold, wind, rain and underfoot conditions)
34131 | Currentpractices

Grass-based husbandry systems involve keeping cattle on pastures. Usually this takes place during the summer, as well
as during spring and autumn depending on grass availability and weather conditions (Figure 6). Keeping fattening cattle
on pasture during the vegetation period is commonly practised in northern and western European countries like Ireland,
France and Belgium whilst keeping suckler cows and calves at pasture over the summer is more widespread. Cattle are
housed over winter to protect them from poor welfare associated with a muddy and waterlogged environment, enable
easier management of the cattle and prevent damage to pastures by the cattle, what will in turn improve grass growth the
following spring. In some cases, beef cattle may also be kept outdoors during winter. This outwintering of cattle usually
occurs on pasture, with supplementary feeding frequently being required in both lowland grass fields and more extensive
hill-based systems. Less common approaches for outwintering include the use of outwintering pads (Figure 7) which are
small group outdoor paddocks surfaced with woodchip or similar materials and artificially drained. Besides a fence and
a water trough, outwintering pads typically have no shelter structures and no grooming objects. Alternatives to keeping
cattle in outwintering pads are keeping them grazing on brassica, turnip or arable fields, again usually with supplementary
forage feeding.
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FIGURE 6 Cattle on pasture (© Luc Mounier).

FIGURE 7 Fattening cattle on outwintering pads (© Teagasc).

34.1.3.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of outwintering are ‘cold stress’, ‘resting problems’ and ‘inability
to perform comfort behaviour’. No linked welfare consequences were identified in this context. In addition, outwintering
of cattle can result in difficulty in monitoring the animals, increasing their risk of welfare impairments when problems arise.
The definition of each WC is available in Section 2.3.

34.1.33 | Preventive and mitigating measures
341331 | Coldstress
Cattle exposed to cold, especially in combination with rain and/or wind, change their behaviour to mitigate the

physiological effects, for example by seeking shelter, increasing food intake (Fogsgaard & Christensen, 2018; Morgan
et al,, 2009) and, if there is a dry lying surface, increasing lying time to reduce heat loss (Olson & Wallander, 2002).
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When ambient conditions are unfavourable and cattle have no or little access to shelter, cattle may increase standing
time, reduce lying time and reduce eating (Schitz, Clark, et al., 2010; Webster et al., 2008) and show physiological changes
indicative of a stress response (increased faecal and plasma cortisol and lower neutrophil count compared to housed cat-
tle) (Webster et al., 2008). Cows reduced feed intake by 62% when exposed to rain and to the combination of wind and
rain (Schitz, Clark, et al., 2010). A range of factors affect the likelihood of an animal experiencing cold stress, including
temperature, rainfall and windspeed, body surface area: volume ratio, body condition, coat type and degree of adaptation
(Van Laer et al., 2014). Cattle acclimatised to cold will have a reduced risk of experiencing cold stress; accordingly, before
exposure to low temperatures, cattle should be gradually exposed to cold for several weeks to allow acclimatisation (Islam
et al., 2023; reviewed by Shephard & Maloney, 2023).

The concepts of thermoregulation, TNZ and TCZ are discussed in Section 3.2.7.3.1 with a focus on the effects of high
environmental temperatures on beef cattle welfare. Similarly to the challenges associated with defining the upper bound
of the TNZ, establishing a precise threshold for its lower bound - referred to as the LCT - is also complex. However, existing
literature offers some information on possible values for cattle. LCT in cattle has been suggested to be —21°C (Australian
Agricultural Council. Ruminants Subcommittee, 1990; as cited in: Van Laer et al., 2014) in dry, still conditions. Mader,
Johnson, and Gaughan (2010) described a ‘Comprehensive Climate Index’ that integrates temperature, wind speed, hu-
midity and solar radiation. They concluded that unsheltered adult cattle may experience mild, moderate or severe cold
stress below 0°C, —10°C and —20°C, respectively if they had adequate time to acclimate to outdoor environments through
the acquisition of additional external or tissue insulation or both and are receiving nutrient supplies compatible with the
level of environmental exposure. Morgan et al. (2009) calculated the LCT for suckler beef cows (Aberdeen Angus cross
bred and Limousin cross bred) outwintered in Scotland using two methods that factored in heat production, body weight
change, insulative value of fat and air (fat depth and coat length), wind speed and solar radiation. They found that the LCT
ranged between —8°C and 13°C and that during two of the four 3-week study periods where temperatures fell below the
LCT, and the cows increased their use of shelter (trees, ring feeders or straw bales). Taken together, these results indicate
that although a specific threshold for LCT is hard to determine, in general for adult cattle in inclement weather, cold stress
starts at temperatures below 0°C, and in still, dry conditions it does not occur until temperatures are lower (between —10°
and —21°). No specific thresholds are available for the TCZ although cold stress may already be present when temperatures
go below its lower boundary.

Fogsgaard and Christensen (2018) found that higher levels of both wind and rain increased the use of shelters by beef
cattle. A study on dairy cows under experimentally manipulated environmental conditions found a wet coat to be partic-
ularly important in influencing behaviour, as cows under the ‘rain’ condition had reduced lying time, feed intake and skin
temperature in comparison to a control group, and although this was exacerbated with additional wind, wind alone had
little effect on the responses to the ambient temperatures (—1°C to 17°C, with mean temperature of 10°C) (Schiitz, Clark,
et al., 2010).

Beef cattle will use natural or artificial shelter to reduce the negative effects of cold, inclement weather (Fogsgaard
et al., 2019; Fogsgaard & Christensen, 2018; Morgan et al., 2009), especially at night (Fogsgaard et al., 2019; Fogsgaard &
Christensen, 2018; Van Laer et al., 2014). Cattle in temperate nature reserves with artificial shelters and a range of habitats
with natural shelters, such as trees and shrubs, showed a preference to use natural shelter when it was available (Van Laer
etal.,, 2014). Fogsgaard et al. (2019) found that an open-sided rectangular shelter was preferred to a partitioned rectangular
shelter by overwintering beef cattle. In another study, Fogsgaard and Christensen (2018) found cattle increased their use of
rectangular, open-sided field shelters that provided 6 or 8 m? per animal compared to 4 m? per animal.

34.1.33.2 | Resting problems

It is argued that during winter, cattle behaviour is a trade-off between maximising energy gain (thermal and food) and
minimising energy loss (thermal and metabolic)’ (Olson & Wallander, 2002) and that selecting the most appropriate
behavioural strategy depends on the precise conditions in any given moment (convective heat loss reduced through
lying as opposed to standing as wind chill is lower closer to the ground, conductive heat loss increased by lying on wet
as opposed to dry ground, more efficient use of solar radiation more available when standing and a large area of the
body is presented and the orientation can be changed easily, availability of food in a given area) (Morgan et al., 2009;
Olson & Wallander, 2002). Lying is important for cattle to rest and ruminate. And a review of the behaviour of cattle at
pasture concluded that ‘the greater part of rumination occurs while animals are lying rather than standing’ and that ‘more
ruminating and more resting occur at night than during the day’, with a range of ruminating whilst lying occurring for 4-7
h/day (19 studies) and lying resting occurring for 2-6 h/day (16 studies) (Kilgour, 2012). Robért et al. (2011) found that feedlot
fattening cattle during winter or spring spent between 45% and 55% of their time lying, especially at night (>55% time
between 8 pm and 4 am spent lying). Lying behaviour is reduced when the ground is wet (Tucker et al., 2021) and rebound
behaviour is evident when clean, dry conditions are made available (Schiitz et al., 2019). Lying time was increased when
rectangular, artificial, open-sided field shelters provided 6 or 8 m? per animal as opposed to 4 m? per animal (Fogsgaard &
Christensen, 2018). Despite a preference for rectangular over hexagonal shelters, the design did not affect the proportion
of cattle lying in them (Fogsgaard et al., 2019). Dickson, Campbell, Monk, et al. (2022) compared behaviour of steers at
pasture with those in feedlots with either a dry surface, mud up to the coronary band or mud past the fetlock and found
that lying time was reduced and fewer steps were taken by the cattle when the mud was past the fetlock compared to
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pasture, and also reported evidence of a rebound effect for lying behaviours in the paddock after experiencing the high
mud conditions (past the fetlock).

Although several studies have shown that pasture access during the vegetation period is associated with reduced lame-
ness in dairy cattle (see review by Roche et al., 2024), the specific conditions of outwintering for fattening cattle could
be hypothesised to increase the risk of laminitis due to cold weather (Vermunt, 1990 as cited in Manninen et al., 2008),
although this was not found in outwintered suckler cows in Finland (Manninen et al., 2008). Wet conditions have been
hypothesised to predispose to lameness through softening the horn and weakening the skin barrier (Borderas et al., 2004),
and some studies have found a positive correlation in dairy cattle between lameness and rainfall rates (Ranjbar et al., 2016)
and higher lameness prevalences for dairy cattle at pasture over winter (Williams et al., 1986). However, there is a paucity of
information for beef cattle kept outdoors.

34.1.33.3 | |Inability to perform comfort behaviour

Cattle are motivated to prevent the coat from becoming soiled (Chen et al., 2017; Schiitz et al., 2019), as well as to groom
and remove coat dirt when possible (Dickson et al., 2024; Kilgour et al., 2012). In the context of pasture, grooming objects
may be natural, for example, trees (Kohari et al., 2007) or artificial, such as brushes. Dickson et al. (2024) showed that grazing
beef cattle ‘became dirtier, showed reduced average daily gain and had elevated faecal cortisol metabolites’ when the
brush was removed.

3.4.1.3.34 | Additional considerations: Insufficient monitoring for health/welfare issues

Observation of beef cattle is essential to prevent, detect and treat health and other welfare issues. Conducting such
observations is more time-consuming when animals are outwintered at pasture, and sometimes it may be hindered by
weather or ground conditions, or the movement of the animals in extensive settings. There is a lack of literature detailing
the methods and frequency for monitoring or the impact of lack of monitoring. However, there is a growing literature
describing innovations in automated monitoring technology for animals at pasture (e.g. for review see Aquilani et al., 2022).
As yet, they are not widely adopted and do not have the capabilities to replace monitoring by a skilled stockperson.
However, they may aid monitoring, for example, by identifying the location of animals in extensive settings.

3414 | Additional welfare consequences

Other WCs selected as highly relevant for cattle when kept on grass are ‘handling stress’, ‘predation stress’, ‘heat stress’
and ‘sensory under- and/or overstimulation’. These were not directly linked with water, nutrition or feeding or outwin-
tering which were the topics identified in the mandate, but the EFSA experts considered them important to discuss these
as well because they are generally relevant for cattle kept on grass. The definition of each WC is available in Section 2.3.

34141 | Preventive and mitigating measures
341411 | Handling stress

Cattle kept on pasture, particularly those in extensive settings or born at pasture, may have little exposure to humans
and handling procedures, and consequently low levels of habituation to humans and handling processes. Farmers of
extensively reared native breed cattle in Spain reported that these animals were particularly nervous and even aggressive
during handling, and that some traits such as being strong, alert or on guard were important to protect against predators
and survive in the mountains (Estévez-Moreno et al., 2021). Extensively reared cattle are more likely to find handling
interactions stressful, and principles of low-stress handling, utilising flight zones and points of balance to move animals,
and calm handling in optimal facilities, are particularly important for them (Grandin, 2021), and for the safety of the handlers
(Titterington, Knox, Buijs, et al., 2022). Careful habituation of cattle on pasture to humans, and particularly associating
human presence with positive experiences, are likely to be beneficial for future handling events. Destrez et al. (2018)
studied 20 French beef farms and found that animals had a greater avoidance distance when farmers reported monitoring
them less frequently, did not make contact with the animals during monitoring and did not include behaviour as a criterion
for genetic selection. For further considerations on handling stress in cattle, see Section 3.6.1.3.2.

341412 | Predation stress

Cattle are the second most common livestock species targeted by large predators in Europe after sheep, and data from
2018 to 2021 across 23 European countries showed that 20%-30% of all predated livestock were cattle in 2 countries, be-
tween 10% and 20% in 4 countries, and less than 10% in the remaining countries (Marsden, 2023). The absolute numbers
of animals reported as killed in official data are likely to be underestimated as farmers do not always report killings (Marino
et al., 2016). Grazed cattle, particularly those kept extensively, for example in the mountains, are at a particularly high risk
of predation (Marsden, 2023). When the attack is not fatal, injuries can still occur and this is a welfare concern but there are
no available figures on the extent of this.
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In the presence of wolves, cattle become restless, agitated and group together for protection (Laporte et al., 2010). Breck
et al. (2012) found that after the killing of calves by wolves, their dams increased vigilance and reduced foraging for several
days. Although less targeted, cattle are reportedly harder to protect than sheep but measures trialled by farmers include
the use of livestock guardian dogs, temporary fencing, especially when calves are young, using GPS collars to identify when
cattle are behaving unusually and find them quickly, and including the ‘gentle but protective’ Hérens breed cattle within
the herd to train the other cattle how to respond effectively to predation threat (Marsden, 2023).

341413 | Heatstress

For a description of heat stress in beef cattle, see 'high environmental temperatures in housed cattle’ (Section 3.2.7). In this
section, only information relevant for cattle kept on pasture is discussed.

Cattle on pasture exposed to high temperatures are at risk of heat stress and this is more likely to occur in cattle with
black hides (Brown-Brandl et al., 2006) and heavy weights (Grandin, 2016). Beef cattle under high heat load seek shade,
increase drinking, change their posture (including increased standing), reduce eating, especially of grain and other active
behaviours, increase respiration rate (Idris et al., 2024; Shephard & Maloney, 2023) and increase sweating (Gebremedhin
et al.,, 2008; Pereira et al., 2014). Shade can be provided through shelters or through the natural environment, predomi-
nantly by trees. Beef cattle in silvopastoral systems have been shown to seek shade and have fewer signs of heat stress
compared to cattle without shade (Barreto et al., 2022; Goncherenko et al., 2024). Short term management factors available
to mitigate the effects of heat stress of cattle on pasture include managing the environmental conditions (e.g. provision
of shade), diet management (timing, frequency and type of supplementary food), ensuring appropriate water provision
(sufficient and easily accessible) and minimising handling stress (timing and type of handling) (Brown-Brandl, 2018). Cattle
appear to acclimatise to high temperatures within 2-7 weeks (Blackshaw & Blackshaw, 1994; Shephard & Maloney, 2023),
allowing the animal to better dissipate heat and therefore limit the risk heat stress.

341414 | Sensoryunder-and/or overstimulation

Some pastures, whilst providing grazing and movement opportunities, may be otherwise relatively barren. Few studies
have investigated the use of natural or artificial enrichments for beef cattle at pasture. Dickson, Campbell, Lee, et al. (2022)
found beef cattle in a barren paddock made sustained use of a cattle brush, woodchip pile and tree stump, and less sus-
tained use of a rope, with 75% of animals interacting with the cattle brush within the first 11 h. After removal of a cattle
brush from beef cattle in a barren paddock the cattle ‘became dirtier, showed reduced average daily gain and had elevated
faecal cortisol metabolites, although this varied according to the degree of initial individual brush use. Additionally, allo-
grooming and grooming on other objects were reduced when access to the brush was returned, potentially indicating a
rebound effect’ (Dickson et al., 2024). Trees have also been shown to be used by cattle at pasture, and in one small study
appeared to be used in addition, and not in substitution, for allogrooming and self-grooming (Kohari et al., 2007).

34.1.5 | Welfare consequences relevant to suckler cows and suckler calves

In relation to nutrition and feeding, ‘prolonged hunger’ was identified as a highly relevant welfare consequence for both
suckler cows and suckler calves at pasture. However, younger suckling calves may be less affected initially, as they rely pri-
marily on milk until maternal lactation declines significantly. ‘Gastro-enteric disorders’ associated with endoparasitism
were also considered highly relevant for both suckler cows and calves, although endoparasites can affect all classes of beef
cattle. Adult cows are particularly susceptible to hypomagnesemia, whereas fattening cattle are more prone to other trace
mineral deficiencies.

Concerning water access, all classes of beef cattle may experience ‘prolonged thirst’ when at pasture, although suck-
ling calves may be less affected due to milk consumption. Poor water quality was identified as a potential welfare concern
across all age groups. Similarly, ‘heat stress’ is a risk for all classes of beef cattle, with larger animals being more vulnerable.
‘Group stress’ at water points may also occur in both animal categories, though suckling calves are likely less affected.

Under outwintering conditions, ‘resting problems’, ‘handling stress’ and ‘sensory under- and/or overstimulation’
were all considered highly relevant welfare concerns for both suckler cows and calves. The ‘inability to perform comfort
behaviours’, such as grooming, was also highlighted as a significant welfare consequence when grooming objects are
lacking. While both suckler cows and calves may be susceptible to ‘cold stress’, calves are more vulnerable. Additionally,
heat stress can affect both groups on pasture, particularly larger animals. Lastly, inadequate monitoring under extensive
conditions was recognised as a relevant welfare risk for both suckler cows and suckler calves.

34.1.6 | Conclusionson the welfare of cattle kept on pasture

1. Grass-based husbandry systems involve keeping cattle on pastures from spring to autumn, and some cattle will
also be kept outdoors over winter. Outwintering of cattle with supplementary feeding usually occurs on pasture
and less commonly on outwintering pads (small group outdoor paddocks with a woodchip or similar surface
and drainage) or on arable fields.
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The highly relevant WCs for outwintered cattle are cold stress, resting problems and inability to perform comfort
behaviour.

The likelihood of experiencing cold stress depends on external factors such as temperature, rain and wind, as well as on
fat and coat coverage, size and acclimatisation (certainty > 90%).

. Outwintered cattle exposed to low temperatures, especially in combination with rain or wind, increasingly use shelter

and eat more. If shelter is insufficient and the lying area is not dry, cattle increase standing time, reduce lying time and
reduce eating when this behaviour increases the risk of cold stress (certainty >90%).

Cattle prefer natural over artificial shelter when available (certainty > 66%).

Cold stress is likely to start when temperatures fall below the lower boundary of the TCZ but there are no precise estimates
of such threshold for cattle. The risk of cold stress increases when temperatures fall below the LCT threshold. For adult cat-
tle in inclement weather, the LCT is approximately 0°C, and in still, dry conditions between —10° and —21° (certainty > 66%).
Lying is a behavioural need for resting and rumination and is reduced when the ground is wet and/or muddy (certainty
>90%). There is limited information about the impact of muddy pastures on lameness in beef cattle (certainty >90%).

. Poor weather and ground conditions present a challenge in ensuring sufficient monitoring of outwintered animals,

increasing their risk of welfare consequences when problems arise (certainty >90%).

The WCs highly relevant for cattle kept on pasture are prolonged hunger, gastro-enteric disorders, heat stress, group
stress, handling stress, predation stress and sensory under- and/or overstimulation.

Hazards related to grazing are nutrient deficiencies (especially trace minerals), parasitic and metabolic diseases, and
intoxications (certainty >90%).

Access to palatable, clean and safe water is necessary at all times to prevent thirst, heat stress and group stress.

Cattle on pasture, especially in extensive settings, are at higher risk of handling stress when not habituated to human
interactions (certainty >90%).

Predation is a risk to cattle at pasture in many European countries, especially in extensive pasture settings.

Cattle in barren grazing paddocks benefit from trees or brushes and other natural or artificial grooming opportunities
(certainty >90%).

During times of high heat load, cattle at pasture are at risk of heat stress, especially when no shade is available (certainty
>90%).

34.1.7 | Recommendations addressing the relevant welfare consequences of cattle kept on pasture

. Outwintered beef cattle should always have access to a dry lying area, and during times of climatic challenge

should have shelter from wind and rain (natural shelter such as trees is preferred) and ready access to food
(e.g. in the form of supplementary feed) and water.

It should be ensured that fat coverage, coat length and degree of acclimatisation are kept at a level that minimises the
risk of cold stress in outwintered beef cattle.

The obligation to monitor cattle for signs of ill health or other welfare risks should also apply to cattle on pasture, even
if outwintered or extensively kept.

. Health and welfare planning for cattle on pasture should include nutritional planning and ensure that the risk of prob-

lems associated with mineral deficiencies, toxicities and metabolic or parasitic disease is minimised.

Grazing cattle should be provided with readily available clean, palatable water at all times, but particular attention
should be paid when cattle are at risk of heat stress.

In addition, at times of high risk of heat stress, cattle on pasture should have easy access to shade and additional exer-
tional stressors such as handling should be avoided.

All cattle kept on pasture should be habituated to humans and calm, low-stress handling methods should be employed
to minimise stress.

Methods to reduce risk of predation of cattle at pasture should be employed according to local experience of successful
initiatives, for example guardian livestock dogs, temporary fencing or including cattle that behave defensively towards
predators within the herd.

When there is a risk of predation, monitoring of the herd should be carried out to identify and treat injured animals.

All cattle at pasture should be provided with grooming opportunities such as trees or brushes, or artificial grooming
objects.

34.2 | Welfare of fattening cattle in outdoor feedlots

34.21 | Current practices

A feedlot is a specialised outdoor facility dedicated to the confined feeding of fattening cattle in large pens with compacted
earth (Figure 8). These facilities are typically equipped with basic infrastructure such as feed and water troughs to support the
intensive keeping of large numbers of animals. Although some feedlots have a small, roofed area over the feed troughs, shelter
is not always provided. The primary objective of a feedlot is to ‘finish’ young beef bulls and heifers to achieve the desired final
weight and muscle development suitable for slaughter. Further details on this system are provided in EFSA (2025).
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FIGURE 8 Feedlot system in the south of Portugal (© George Stilwell).

While the feedlot model is prevalent in the USA, certain European regions have begun to adopt similar practices in
recent years (Eurogroup for Animals, 2020 retrieved from EFSA Public call for evidence 2024 - PC-0742 4 — Four Paws). For
instance, approximately 70% of beef cattle in central and southern Portugal are fattened in feedlots (Mr George Stilwell,
Professor at Faculty of Veterinary Medicine, University of Lisbon, confirmed this by email on 17 January 2024) (Stilwell, 2024).

The principles for housed cattle generally apply to feedlots. This Section discusses feedlot-specific research regarding
flooring, water access, nutrition and feeding, lack of environmental enrichment and high environmental temperatures.

34.2.2 | Welfare consequences

The WCs selected as highly relevant for feedlot cattle as a result of being kept in feedlots were considered to be similar to
those applicable to housed cattle, with some exceptions. When differences exist, they are explained. No welfare conse-
quences were identified for suckler cows and suckler calves because these animal categories are not kept in feedlots. The
definition of each WC is available in Section 2.3.

34.221 | Welfare consequences related with flooring/underfoot conditions

The WCs selected as highly relevant for feedlot cattle as a result of poor flooring and underfoot conditions are ‘resting
problems’, ‘restriction of movement’, ‘locomotory disorders (including lameness)’ and ‘respiratory disorders’.
The flooring hazards leading to ‘soft tissue lesions and integument damage’ in cattle kept indoors were considered not
relevant in feedlots because of the different properties of underfoot conditions in feedlots (compact soil) compared to
indoor housing. As described for cattle kept indoors, ‘restriction of movement’ is linked with the ‘inability to perform
sexual behaviour’, ‘inability to perform comfort behaviour’ and ‘inability to perform play behaviour’. Additionally,
restriction of movement is linked with the WC ‘bone lesions (including fractures and dislocations)’ in feedlot cattle due
to slippery, muddy flooring conditions. The WC ‘resting problems’ is linked with welfare consequence ‘inability to chew
and/or ruminate’.

Regarding underfoot conditions, increased precipitation can lead to problems associated with muddy feedlots. Most of
the related research originates from North America and Australia, where muddy conditions have been identified as a seri-
ous hazard for animal welfare in outdoor feedlot beef production, particularly when annual precipitation exceeds 500 mm
(Grandin, 2016). On the other hand, dust can also be an issue in feedlots (Urso et al., 2021). Welfare consequences resulting
from muddy or dusty flooring are discussed below.

34.2.21.1 | Resting problems and restriction of movement
Muddy conditions often seen in feedlot pens result in an uncomfortable lying surface (reviewed by Grandin, 2016). When

cattle were given the choice between pasture or feedlots with different levels of mud, the feedlots were preferred by
steers only 40% of the time, independent of the mud level. However, lying times were reduced in feedlots with the highest
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level of mud compared to pasture with any level of mud (Dickson, Campbell, Monk, et al., 2022). It is likely that low traction
due to muddy, slippery underfoot conditions results in restriction of movement (Dijkman & Lawrence, 1997). Increasing
stocking rates have also been associated with increasing mud levels (Macitelli et al., 2020).

34.221.2 | Locomotory disorders (including lameness)

Similarly to animals kept on pasture, the risk of lameness in feedlots has been associated with increased precipitation and
stocking rates (Marti et al., 2021). Research in USA feedlots showed that reduced available dry space to lie down due to
overall muddy conditions was a risk factor for lameness incidence (Greenough, 1997; Mader, 2014), likely due to increased
duration of standing in poor, humid flooring conditions.

34.2.21.3 | Respiratory disorders

When feedlot underfoot conditions are very dry, manure can become dust. Organic dust and particulate matter at relatively
high concentrations increase the risk of respiratory diseases (Auvermann et al., 2001; Loneragan et al., 2001) because dust
particles irritate the respiratory tract and are carriers of bacteria and fungi to the lungs (Wilson, Morrow-Tesch, et al., 2002).
Windy conditions and cattle activity (e.g. locomotion) exacerbate dusty conditions.

34.2.214 | Linked welfare consequences

‘Restriction of movement’ is linked with the ‘inability to perform sexual behaviour’ and the ‘inability to perform
comfort behaviour’ due to the low traction provided by muddy, slippery underfoot conditions. Dirty coats are more
frequent in rainy rather than in dry periods (Macitelli et al., 2020) which potentially exacerbates this welfare consequence.
Restriction of movement is also linked with ‘bone lesions (including fractures and dislocations)’ because muddy and
slippery conditions may also affect the incidence of falls (Marti et al., 2021) and the ‘inability to perform play behaviour’.
Resting problems were linked with the ‘inability to chew and/or ruminate’ because under uncomfortable underfoot
conditions cattle will increase their standing times (Dickson, Campbell, Monk, et al., 2022) and this is likely to reduce the
amount of time cattle spend ruminating.

34.2.21.5 | Preventive and mitigating measures

Wet climatic conditions are the main factor contributing to muddy pens. While rainy conditions cannot be prevented,
there are some specific actions that reduce the wetness of the ground and accumulation of mud in feedlot pens, such as
inclusion of bedding and frequent pen maintenance. Bedding materials absorb excess moisture from pen surfaces (Mader,
2011; Grandin, 2016). Drier underfoot conditions have been shown to increase feed efficiency in feedlot cattle under wet
weather conditions (Birkelo & Lounsbery, 1992; Mader & Colgan, 2007). Mounds (i.e. a well-drained, elevated area made of
compacted soil) are another strategy to improve resting (Grandin, 2016; Mader, 2003). An area of 2-2.5 m? per animal on
the top of a 1.5 m high mound has been recommended (Holland, 2012). Existing feedlot design recommendations
include a slope of 1%-6% and an analysis of the soil permeability levels (National guidelines for beef cattle feedlots in
Australia, 2012). Scraping of pen surfaces may also reduce muddy conditions by allowing surplus water to be repelled
(Grandin, 2016). Another strategy to reduce mud in feedlot pens is to reduce stocking density in the rainy season
(Grandin, 2016). Furthermore, it is important to clean feedlot pens frequently and remove sharp objects (such as stones) to
reduce the incidence of locomotory problems such as foot rot (Davis-Unger et al., 2019) during muddy conditions.

Prevention and mitigating actions against dust include maintaining a humidity level between 25% and 35% of the
pen surface (Stokka et al., 2001; Sweeten, 1982). This can be achieved through the installation of sprinklers or the use of
water trucks (Ouapo et al., 2013). Scraping can also help reducing dust in feedlot pens (Darrington, 2016; as cited in Urso
et al., 2021). Another strategy to reduce exposure of cattle to dust is the modification of the feeding schedule and avoid-
ing feeding provision at sunset because higher dust levels have been consistently reported during this period of the day
(Mitloehner et al., 1999).

34.2.2.2 | Welfare consequences related with water access

The WCs selected as highly relevant for feedlot cattle as a result of limited water access are the same as those identified for
housed cattle (‘prolonged thirst’, ‘group stress’ and ‘heat stress’). Similarly, linked welfare consequences with prolonged
thirst are ‘metabolic disorders’ and linked welfare consequences with group stress are ‘respiratory disorders’.

34.2.2.21 | Linked welfare consequences

Linked welfare consequences in this context are the same as those discussed for housed cattle in Section 3.2.1.3.4.
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34.2.2.2.2 | Preventive and mitigating measures

As for cattle kept indoors, feedlot cattle should be provided with ad libitum clean good quality water at all times. Particular
attention should be given to water availability in the context of feedlots because of their exposure to solar radiation and
high environmental temperatures. Water requirements of beef cattle are discussed in Section 3.2.1.

34.2.2.3 | Welfare consequences related with nutrition and feeding

The WCs selected as highly relevant for feedlot cattle because of nutrition and feeding are the same identified for housed
cattle (‘metabolic disorders’, ‘gastro-enteric disorders’, ‘group stress’, ‘inability to perform exploratory or foraging
behaviour’ and ‘inability to chew and/or ruminate’). ‘Metabolic disorders’ are linked with ‘locomotory disorders
(including lameness)’. While prolonged hunger can also be present in cattle arriving in feedlots, this is considered to be a
consequence of transport and hence not further discussed in the context of this Scientific Opinion.

34.2.231 | Linked welfare consequences

Linked welfare consequences in this context are similar to those discussed for housed cattle in Section 3.2.3.3.4.
34.2.2.3.2 | Preventive and mitigating measures

All prevention and mitigation strategies for feedlot cattle are similar to those for housed cattle (see Section 3.2.3.3).
34.2.24 | Welfare consequences related to high environmental temperatures

The WCs selected as highly relevant for cattle in feedlots as a result of high environmental temperatures are the same
identified for housed cattle (‘heat stress’, ‘prolonged thirst’ and ‘resting problems’). The same effects described for
housed cattle apply in this context (see Section 3.2.7). Aspects of heat stress specifically applying to cattle kept outside are
discussed in this Section. As for housed cattle, the WC resting problems is linked with ‘locomotory disorders (including
lameness)’.

342240 | Heatstress

Heat stress is more likely to occur when there is a lack of shade in the feedlot pen and in cattle with black hides (Brown-
Brandl et al., 2006) and heavy weights (Grandin, 2016). Cattle with black hides get hotter than cattle with lighter colours
when exposed to solar radiation, and heat dissipation is more difficult in cattle with heavy compared to lighter weights
(Mader et al., 2006). Shade structures provide different levels of protection from heat depending on their capacity to block
solar radiation. When comparing groups of dairy cows on pasture with access to shade structures with varying degrees of
solar radiation protection (25%, 50% of 99%), dairy cows kept on pasture chose to spend more time under the shade that
blocked a greater percentage of solar radiation (Tucker et al., 2008).

34.2.24.2 | Linked welfare consequences
Linked welfare consequences in this context are similar to those discussed for housed cattle in Section 3.2.7.3.4.
34.2.24.3 | Preventive and mitigating measures

Under high environmental temperatures, feedlot cattle use shaded areas when they are available (Brown-Brandl, 2018;
Clarke & Kelly, 1996; Eisenberg et al., 2010; Gaughan, Bryden, et al., 2004; Sullivan et al., 2011). When there are no shaded
areas in feedlot pens, cattle seek shade from the feed bunks, water troughs and fences (Castaneda et al., 2004; Gaughan
& Mader, 2014; Lees et al., 2020; Mitlohner et al., 2001). Care should be taken to provide shading structures that ensure
sufficient air circulation (Gaughan, Bryden, et al., 2004). Wetting cattle is another strategy that feedlot managers may
employ to manage high heat loads. This action has been shown to be associated with a reduction of body temperature,
respiration rate and panting score in cattle (Brown-Brandl et al., 2010; Davis et al., 2003; Gaughan, Davis, & Mader, 2004;
Mader et al., 2007; Tresoldi et al., 2018). It has also been reported that feedlot cattle voluntarily use overhead sprinklers
during extreme environmental conditions (Mader et al., 2007; Parola et al., 2012). As described for indoor housed cattle,
feedlot managers may also restrict feed or change the timing of feed delivery to reduce exposure to high environmental
temperatures.

34.2.25 | Welfare consequences related with a lack of environmental enrichment

The WCs selected as highly relevant for cattle as a result of lacking environmental enrichment are the same identified
for housed cattle (‘inability to perform exploratory or foraging behaviour’, ‘inability to chew and/or ruminate’,
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‘inability to perform comfort behaviour’, ‘sensory under- and/or overstimulation’ and ‘inability to perform play
behaviour’. As for housed cattle, sensory under- and/or overstimulation is linked with ‘group stress’ and ‘inability to
avoid unwanted sexual behaviour’.

Limited research exists on the use of environmental enrichment devices in feedlot cattle (Park, Schubach, et al., 2020;
Wilson, Mitlohner, et al., 2002). For a discussion of research on effects of environmental enrichment, see Section 3.2.5.
34.2.2.51 | Linked welfare consequences
Linked welfare consequences in this context are similar to those discussed for housed cattle in Section 3.2.5.3.5.
34.2.252 | Preventive and mitigating measures
All prevention and mitigation strategies for feedlot cattle are similar to those described for housed cattle - Section 3.2.5.

34.23 | Conclusions on welfare of fattening cattle in outdoor feedlots

The conclusions described for indoor housed cattle are also applicable to feedlot cattle, except those related to flooring/
underfoot conditions and lack of outdoor access.

1. Feedlots are outdoor confinement facilities designed to accommodate and keep large numbers of animals. Feedlots
have compacted soil flooring and basic infrastructure typically consisting of water and feed troughs sometimes
covered by a roofed area.

2. The duration of lying is reduced and cattle movement impeded when pen surface is muddy (certainty >90%).

3. Muddy conditions increase the risk of lameness mainly due to infections (certainty >90%).

4. Therisk of dust-related respiratory disorders is increased when the soil moisture is low (less than ~25%) (certainty > 66%).

5. Access to palatable, clean and safe water is necessary at all times to prevent thirst and group stress, and to mitigate heat
stress, especially during high environmental temperatures (certainty >90%).

6. Under high environmental temperatures, the lack of a sufficiently large shaded area for use by all animals increases the
risk of heat stress (certainty >90%).

34.24 | Recommendations on the welfare of fattening cattle in outdoor feedlots

The recommendations made for cattle housed indoors are valid for feedlot cattle, except for those related to flooring and
lack of outdoor access.

1. Muddy conditions in feedlot pens should be avoided to ensure comfortable resting, ease of locomotion, reduce the
risk of lameness and allow the performance of comfort behaviours. Measures to reduce exposure to mud include
building a mound, providing bedding material, scraping the soil surface, ensuring a slope to naturally remove the
excess of water from the enclosure and reducing stocking density.

2. Dusty conditions should be avoided to prevent respiratory problems. Strategies to reduce exposure to dust include
scraping the soil surface and moisturising it with sprinklers or a water truck (aiming for a soil moisture of 25%-30%), and
reducing stocking density.

3. Similar to indoor beef cattle, feedlot cattle should be provided with palatable, clean and safe quality water available
ad libitum at all times.

4. When there is the risk of heat stress, feedlot cattle should have access to sufficiently sized shade for the simultaneous use
by all animals, and handling should be kept at a minimum.

3.5 | Risks to the welfare of suckler cows and calves associated with the weaning of
suckler calves

3.51 | Current practices

Weaning is an inherent husbandry practice in cow-calf beef production systems, otherwise known as suckler farms. Natural
weaning in cattle typically happens between 7 and 14 months of age, enabling calves to gradually shift from nutritional
and social maternal dependence to autonomy (Enriquez et al., 2011; Lynch et al., 2019). This extended period facilitates the
development of the calf's rumen and social behaviour. However, in managed environments such as on farms, weaning of
beef suckler calves tends to happen more abruptly and slightly earlier, i.e. between 5 and 11 months of age (EFSA, 2025).
This practice aims to optimise the dam's body condition and to maximise reproductive potential (i.e. one calf per year)
(Lynch et al., 2019).

Weaning and separation often occur simultaneously with other changes in husbandry conditions, which may also have
a welfare impact on the animals. Seasonal grass-based integrated calf-to-beef production systems often combine weaning
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with housing, but calves and cows may remain in close proximity for several months. Non-integrated systems tend to com-
bine weaning with transportation and marketing prior to entry into feedlots. In both systems, calves have to adapt to a new
diet and group composition, thereby subjecting them to various stressors (Enriquez et al., 2011).

The weaning method can vary depending on the farming system and management practices. It can be one of the fol-
lowing methods.

3.5.1.1 | Abruptweaning

Weaning of beef calves under management conditions is traditionally undertaken by abruptly separating the 5-11 month
old calf from its mother (EFSA, 2025); Enriquez et al., 2011). This method remains widely adopted due to its operational
simplicity and compatibility with reproductive management schedules.

3.5.1.2 | Two-step weaning methods

Two-step weaning methods aim to decouple the cessation of suckling from the social separation of the cow-calf pair
(Enriquez et al., 2011). These methods include yard weaning (also called fenceline separation) and nose-flap weaning, both
designed to end suckling behaviour prior to complete physical separation from the dam.

Nose-flap weaning comprises the fitting of plates to calves' noses to prevent suckling but still allow ingestion of solid
food alongside their dams. After a period of adaptation of about a week, the calves are then fully separated from their
dams. One drawback of this method is the risk of loss of individual flaps and return of the ability of calves to suckle, or some
calves learning to suckle despite the flap.

In fenceline weaning, cows and calves are placed on opposite sides of a fence, allowing continued visual, auditory and
limited physical contact while preventing suckling for several days prior to full separation (Enriquez et al., 2011).

Fenceline weaning can be made even more gradual by providing calves that remain with their mothers with high-
quality supplemental feed or pasture in a designated area through a specially constructed ‘creep gate’ or opening in the
fence line or gateway that allows the calves to pass through but not the mothers. This creep weaning stimulates the calves
to increase solid food intake and thus progressively reduce their nutritional and social dependence on the dam. It also en-
ables the calves to become accustomed to new feed types before they are separated from their mothers. Once the calves
are comfortable feeding away from the cows, the creep opening is closed and the calves separated from their dams at
weaning age.

A more gradual weaning process, by reducing contact times between calves and cows over some weeks, has been de-
scribed for dairy calves by Vogt et al. (2024), with weaning starting at 3 months of age. However, this method has not been
reported for suckler calves.

3.5.2 | Welfare consequences

The WCs selected as highly relevant for suckler cows as a result of weaning are ‘separation stress’, ‘handling stress’,
‘inability to express maternal behaviour’ and possibly ‘group stress’, if weaning and separation are combined with
regrouping. The WCs selected as highly relevant for suckler calves as a result of weaning are ‘inability to perform suck-
ing behaviour’, ‘prolonged hunger’ ‘handling stress’, ‘separation stress’ and ‘group stress’. No linked welfare conse-
quences were identified in this context. The definition of each WC is available in Section 2.3.

The severity of the WCs experienced by cows and calves is in general influenced by the weaning age of the calves.
Many studies relate to weaning of dairy calves that are typically weaned much earlier than suckler calves, often around
6-12 weeks of age (Sirovnik et al., 2020). Although several studies also investigated weaning of suckler calves as early as
30days (e.g. de Souza et al.,, 2021), such practices are not common in Europe (see Section 3.5.1) and results from studies
with very early weaning may not directly be transferred to common suckler calf weaning in Europe. It can be expected that
the intensity of WCs is higher the younger the calves are because older calves are physiologically and behaviourally better
equipped to cope with the dietary and social changes. This has been confirmed with regard to separation stress and in-
ability to perform sucking behaviour, indicated by increased vocalisation, reduced feeding frequency and increased cross-
sucking by de Souza et al. (2021), when comparing weaning ages of 30 and 75 days vs. 180 days, while Blanco et al. (2008)
found no differences in performance measures or serum IGF-l and leptin concentrations (reflecting nutritional state and
growth potential) between calves weaned at 90 days versus 150 days of age. From the cow perspective, it is expected that
they become increasingly inclined to stop suckling the calf as the suckling period progresses.

3.5.3 | Preventive and mitigating measures

3.5.31 | Separation stress (suckler cows and calves)

In the days following separation, in both cows and calves physiological stress markers include for example elevated corti-
sol levels and increases in heart rate (Hickey, Drennan, & Earley, 2003; Lefcourt & Elsasser, 1995). Behavioural indicators of
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stress include increased vocalisations, standing, walking and explorative behaviours (Haley et al., 2005; Price et al., 2003),
sometimes increased activity is categorised as restlessness (e.g. Neave et al., 2024). In addition, an increase in the amount
of visible eye white in cows has been reported after separation (Newberry & Swanson, 2008).

Increased vocalisation for several days after weaning, increased locomotory behaviour (Price et al., 2003) and reduced
lying time (Haley et al., 2005; Mac et al., 2024; Price et al., 2003) can be reduced by applying two-step weaning procedures.
This has been shown for fenceline weaning in calves (Mac et al., 2024; Price et al., 2003), although Boland et al. (2008) found
only an effect on walking, but not on time spent standing or lying. High activity in cows was also seen during the first 2 days
after fenceline separation, but it was lower than in cows abruptly separated from their calves (Mac et al., 2024).

Compared to abrupt weaning, two-step weaning using nose flaps similarly reduced vocalisation in calves (Haley
etal,, 2005) and in cows (Lambertz et al., 2015), locomotory behaviour in calves (Haley et al., 2005; Lambertz et al., 2015) and
increased feeding in calves (Boland et al., 2008; Haley et al., 2005). However, there are frequent and consistent reports of
complications such as nasal septum injuries caused by the flaps which raise welfare concerns (Kirk & Tucker, 2023; Lambertz
et al., 2015; Taylor et al., 2020; Valente et al., 2022).

Although in some cases a mitigative effect of two-step weaning was not confirmed (Enriquez et al., 2010), and concerns
were expressed that the total distress is rather redistributed in two stages (Enriquez et al., 2010), overall, the results of
the different studies point at an advantage of two-step weaning methods. Positive effects on average daily weight gain
have only been found inconsistently (Boland et al., 2008; Enriquez et al., 2010; Haley et al., 2005; Price et al., 2003; Taylor
et al., 2020). Sometimes nose flap weaning was even associated with lower weight gains (Boland et al., 2008; Farney, 2023;
Taylor et al., 2020).

Separation stress in calves may also be reduced by the presence of familiar peer calves that provide some social support
or buffering and thus attenuate stress responses, as has been found with regard to isolation-induced heart rate responses
in beef and dairy heifers (Boissy & Le Neindre, 1997). In addition, familiarising calves in advance with the solid food to be
provided after weaning can help to ease the transition and avoid the occurrence of prolonged hunger (Enriquez et al., 2011).

3.5.3.2 | Handling stress (suckler cows and calves)

Handling is necessary to wean cattle. Cows and calves have to be gathered from pastures to where they will be separated.
In large fields this can be done using a vehicle, and in small fields it may be done on foot and also herding dogs can be used.

Besides using well-designed facilities (e.g. one-way gates, crowding pens), several general strategies to reduce handling
stress are available. The bunk training process consists of offering grain in an adjacent pen with the handler standing at
the gateway. Walker et al. (2007) found a greater feeding activity during the first few days in the feedlot in weaned trained
calves, but no positive effects in terms of reduced morbidity and weight gain compared to calves not trained. Ligon (2014)
investigated a ‘weaning training’ where calves were trained to walk past a calm handler and be separated from their
dam when cows were handled prior to weaning for reproductive synchronisation, artificial insemination, breeding and
pregnancy checking. This led to numerically less walking (steps per hour) in the trained calves in the week post-weaning.
However, depending on the type of pastures or fields where cows and calves are placed, this training can be difficult to
implement. Another option is to use low-stress handling techniques (Ligon, 2014), which includes awareness of an animal's
point of balance, of its field of vision and its flight zone and gentle handling (e.g. without shouting and hitting). Ligon (2014)
reported a higher weight gain in low-stress handled calves for 1 week and 1 month post-weaning compared to conven-
tionally handled calves, although this study had several methodological limitations. Another way to reduce handling stress
is to apply creep weaning because calves can access creep feed independently without having to be handled (Enriquez
etal.,, 2011). In addition, the presence of familiar conspecifics (social buffering) at the time of weaning can increase the ease
of handling and reduce handling stress (Duve et al., 2012; Grignard et al., 2000).

3.5.3.3 | Inability to express maternal behaviour (suckler cows)

Increased vocalisation is an expression of negative affective states of the cows at the time of weaning. Two-step separation
using nose flaps can help to decrease stress responses of cows such as pacing and vocalising compared to abrupt wean-
ing (Ungerfeld et al., 2016), but the authors also observed decreases in milk yield after weaning regardless of the method.
Therefore, independently of the method of weaning, cows will be unable to express maternal behaviour, but other welfare
consequences can be minimised by allowing physical contact using two-step weaning methods.

3.5.34 | |Inability to perform sucking behaviour and prolonged hunger (calves)

All weaning strategies (abrupt or two-stage weaning) result in the inability to perform sucking behaviour by the calf. The sud-
den disruption of the mother-calf bond, together with the calf's unpreparedness for the withdrawal of milk as a nutritional
source, are major stressors (Newberry & Swanson, 2008; Weary et al., 2008) and may lead to hunger in the calf. Therefore, the
decoupling of both stressors may reduce the welfare impairment of the calves (see Section 3.5.3.1). Nevertheless, the stress
due to the inability to perform sucking behaviour is unavoidable, although its extent will depend on the degree of the calf's
nutritional and social autonomy. Very early weaned calves (at day 30 or 75) show the greater negative impact of the inability
to perform sucking behaviour by, for example, increased cross-sucking behaviour compared to calves weaned at day 180
(de Souza et al., 2021). Consequently, fostering the intake of solid feed before weaning and a higher weaning age are general
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mitigating measures. However, as studies comparing further weaning ages are lacking, no conclusive evaluation of any other
weaning age below 6 months, e.g. 5 months, as practiced in some EU countries (EFSA, 2025), is possible. It furthermore appears
unlikely that a clear limit can be set, as the loosening of the mother-young bond is a very gradual process and depends on
many factors such as gestation stage of the cow (Albertsen & Held, 2017) or forage availability.

3.5.3.5 | Group stress (suckler cows and calves)

If weaning and separation are combined with regrouping, there is a risk of increased agonistic interactions, which for
cows carry the further risk of soft tissue lesions and integument damage. The extent of this risk depends on several factors
such as space allowance, design of pens, familiarity of the animals etc. (see Section 3.2.6 on mixing of cattle and related
mitigation strategies). In calves, the presence of familiar peers can provide social support or buffering effects (Boissy & Le
Neindre, 1997; Duve & Jensen, 2011; Faerevik et al., 2006), potentially reducing stress during regrouping.

3.54 | Conclusions on weaning

1. Natural weaning is a gradual process that occurs when calves are between 7 and 14 months old. In European suckler
herds, weaning commonly takes place more or less abruptly between 5 and 11 months of age in order to maintain
high productivity and an adequate body condition of the suckler cows. This results in a disruption of the mother-
calf bond along with the loss of milk as a nutritional source for the calf and the cessation of nursing for the cow.

2. The WCs selected as highly relevant for suckler cows and calves as a result of weaning are separation stress, handling
stress and group stress if weaning and separation are combined with regrouping, as well as inability to express maternal
behaviour in cows and inability to perform sucking behaviour in calves. These are expressed by increased vocalisation,
exploration and pacing (locomotory behaviour) along with reduced feeding and lying in weaned calves. Additionally,
very early-weaned calves (e.g. at 75 days of age) exhibit increased cross-sucking (certainty >66%).

3. The later the calves are weaned, the better prepared they are physiologically and behaviourally to cope with the dietary
and social changes. In addition, gastro-intestinal function is enhanced by promoting early intake of solid feed and famil-
jarisation with post-weaning diet (certainty >90%).

4. A decoupling of weaning and separation by using either fenceline weaning or nose flaps allows visual, auditive and physi-

cal cow-calf contact (more restricted in fenceline weaning) while preventing sucking behaviour before total separation

occurs. These two-stage weaning methods contribute to a reduction of separation stress, compared to abrupt weaning

(certainty > 66%).

Nose flaps, as they are currently used, carry an injury risk to the nasal septum (certainty >90%).

6. Creep weaning methods are associated with less handling and separation stress compared to abrupt weaning (certainty
>90%).

7. The presence of familiar peer calves provides social support or social buffering and reduces separation stress during
weaning (certainty >66%).

8. Additional husbandry changes (e.g. relocation from pasture to housing, dietary changes, regrouping, transportation and
marketing) often occur around weaning and increase negative welfare impacts on the calves (certainty >90%).

9. When calves are weaned from the dams, both animal categories are handled. Strategies to reduce handling stress during
weaning are little investigated. However, a decrease in handling stress is achieved by increased contact with handlers
before weaning (certainty >90%), gentle handling (certainty >90%) and maintaining contact with familiar conspecifics
during the weaning process to allow social buffering (certainty > 66%).

b

3.5.5 | Recommendations on weaning

1. Early weaning (e.g. before 6 months) should not be practiced. It is recommended to further investigate the welfare
consequences of weaning at 5 months of age, which is common in some countries.

2. Weaning should occur as late as possible as long as the body condition of the cow allows.

3. Weaning should only take place once calves are ingesting solid feed that can cover their nutritional requirements and are
familiarised with post-weaning feeds.

4. Regardless of age, two-stage weaning is recommended over abrupt weaning.

5. Creep weaning, habituation to human presence, gentle handling and maintaining contact with familiar calves during the
weaning process are recommended strategies to reduce stress around weaning (including handling stress).

6. Itis recommended to monitor the effects of nose flaps on nasal lesions and to further explore non-harmful flap models.

3.6 | Mutilations

The following chapters address the painful procedures of disbudding/dehorning, castration and tail docking by discuss-
ing their welfare consequences to beef cattle and reviewing studies investigating the efficacy of different anaesthetic and
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analgesic drugs. While it is acknowledged that pain is difficult to quantify in animals, many of the reviewed studies include
physiological indicators such as cortisol as indicators of induced stress related pain. It is recognised that cortisol may not
be a highly sensitive indicator of pain, or may merely indicate the level of arousal and not be reflective of the affective state
being experienced by the animal. Given these limitations, relying solely on cortisol measurements to assess pain can be
of limited informative value. Therefore, while cortisol levels are included in this literature review as one of the indicators of
pain, their interpretation should be made cautiously and in conjunction with other behavioural assessments to provide a
more accurate evaluation of the animal's affective state.

3.6.1 | Disbudding and dehorning
3.6.1.1 | Currentpractices

Disbudding, i.e. the destruction or removal of the free-floating horn buds in the skin above the skull of calves, is a common
practice in beef cattle. Dehorning is the surgical removal of grown horns in calves over 2 months of age and in adult cattle.
The distinction between disbudding (removal of the free-floating horn bud) and dehorning (removal after the bud has at-
tached to the skull), is often not made that precisely. In the literature, dehorning is sometimes more related to adult cattle
and disbudding to calves sometimes older than 2 months. Additionally, dehorning can be used as a generic term that may
include disbudding and dehorning (Knierim et al., 2009).

Disbudding or dehorning are practiced in cattle farming with the aim to reduce animal injuries and damage to hides
under constrained housing or transport conditions such as under high stocking densities, improve human safety, reduce
damage to facilities and ease cattle handling (Knierim et al., 2015). In some EU countries, e.g. Ireland, horned cattle cannot
be sold at a public market (Cozzi, Prevedello, et al., 2009).

According to a survey in 2009, about 47% of European beef farms and 68% of suckler farms kept disbudded or dehorned
animals. However, there were large differences between regions, with disbudded or dehorned beef cattle mainly found
in Northwest and central European countries like Finland, Ireland and Austria, while in France and Italy it was not a rou-
tine practice. In Eastern Europe the proportions of disbudded/dehorned beef cattle ranged from 8% in Romania to 75%
in Hungary (Cozzi, Prevedello, et al., 2009). A similar pattern was observed in suckler cow herds, with a higher proportion
of suckler herds being disbudded/dehorned in Northwest and Central Europe and a higher percentage of herds being
disbudded/dehorned compared to fattening cattle (Cozzi, Prevedello, et al., 2009). Regarding horn removal methods in
Western and Northern Europe, 71% of beef cattle farms that reared disbudded/dehorned animals used disbudding and
29% used dehorning, while 58% of suckler herds that reared disbudded/dehorned animals used disbudding and 42% used
dehorning (Cozzi et al., 2015). However, in Eastern and Southern European countries, more than half of the cattle were de-
horned rather than disbudded (Cozzi, Prevedello, et al., 2009).

During approximately the first 2 months of life, the horn buds of calves are free-floating in the skin layer above the skull,
but this period also depends on the individual calf development, size and breed (Knierim et al., 2015). Later, the horn buds
attach to the periosteum of the frontal bones and horns begin to grow. From about the age of 6 months onwards, the horns
are increasingly pneumatised from the caudal frontal sinuses of the skull. They are supplied by blood vessels and nerves
and continue to grow during the whole life (Budras et al., 2011).

Disbudding can be carried out using thermal cauterisation with a hot-iron, with chemical methods or by physical re-
moval. For chemical disbudding, commonly caustic paste is used that contains e.g. sodium hydroxide or antimony trichlo-
ride, while other chemicals such as clove oil or isoeugenol (e.g. Schoiswohl et al., 2022), or liquid nitrogen for cryoablation
(e.g. Sutherland et al., 2019), have been applied experimentally with inconsistent or negative results in relation to efficacy
or pain induction. Physical removal involves surgery using knives, scoops or tubes (Marquette et al., 2023b) and can be also
applied when the horn already started to grow (Knierim et al., 2009). Hot-iron disbudding is the most frequently applied
method (about 68% of beef farms and 61% of suckler farms), and surgery is the least common (2%-3% of suckler or beef
farms) (Cozzi et al., 2015).

The age at which disbudding is carried out varies depending on regulations and recommendations. In some MSs, it is
recommended to perform the procedure between the second week and 4-6 weeks of the calf's life when horn buds are
between 5 and 10mm in length, before the horn bud attaches to the skull (EFSA Public call for evidence, 2024 - PC-0742
14 — Association of Veterinary Consultants).

The application of pain management during and after disbudding in order to reduce the pain associated with the de-
struction or removal of the horn bud (Hewson et al., 2007; Winder et al., 2017) differs widely between MSs and farms. Some
MSs legally require the use of local anaesthetics in general (e.g. Austria, Finland and Netherlands) or after a certain age
(e.g. after 2weeks of age in Ireland or after 6 weeks in Germany), although the Council of Europe recommendations con-
cerning cattle (Council of Europe, 1988) stipulate that disbudding without anaesthesia shall only be permissible in calves
under 4weeks of age. In addition, the application of analgesia is mandatory in some countries, either in general (e.g. in
Austria, Finland, Germany) or after a certain age (e.g. Ireland). The use of sedation is mandatory in some MSs (e.g. Austria,
Luxembourg) or a recommendation in others.

Shears, atube ora scoop can be used for removing the horns of cattle younger than about 6 months (Knierim et al., 2009).
For cattle older than 6 months, different dehorning tools are available that are either guillotine-type instruments or wire
saws (embryotomy saw, Gigli saw) or butcher's saws. Data from 2009 indicate that saw and wire methods were favoured in
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Europe, accounting for about 73% of farms that removed grown horns (Cozzi et al., 2015). The amputation of pneumatised
horns leaves an open hole that reaches down into the sinuses of the head and takes about 4-8 weeks to heal (Rosenberger
et al., 1978).

Different legal provisions also exist regarding the person performing the disbudding or administering anaesthesia,
analgesia or sedation. The Council of Europe recommendations concerning cattle require that they are carried out by a
veterinary surgeon or other persons qualified in accordance with domestic legislation. Most MSs allow farmers to perform
the disbudding, sometimes only up to a certain age of the calves.

In some MSs (e.g. Germany) dehorning is forbidden by animal welfare law, except for veterinary medical purposes and
may then only be performed by a veterinarian under anaesthesia. Also pain management varies from no requirements for
anaesthesia, analgesia or sedation to mandatory administration of all of them (Cozzi et al., 2015).

The proportion of farms keeping genetically hornless (polled) cattle was low in 2009, with about 7% in beef and 5%
in suckler cattle (Cozzi, Prevedello, et al., 2009) but has likely considerably increased in the meantime. For example, in
the Czech Republic more than half of the animals were reported to be genetically hornless (EFSA Public call for evidence,
2024 - PC-0742 14 - Czech Beef Cattle Assosiation). The EU organic farming regulations allow disbudding or dehorning
on a case-by-case basis only, which also contributes to a steady increase in the proportion of polled cattle, particularly in
organic farms (Scheper, 2018).

3.6.1.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of disbudding or dehorning are ‘soft tissue lesions and integu-
ment damage’, ‘bone lesions (including fractures and dislocations)’, ‘handling stress’, ‘eye disorders’, ‘separation
stress’ and ‘inability to perform sucking behaviour’. No linked welfare consequences were identified in this context.
Potential positive and negative WCs of the resulting lack of horns are elaborated in Section 3.7.2. The definition of each WC
is available in Section 2.3.

3.6.1.3 | Preventive and mitigating measures

In general, the most efficient mitigation measures to reduce adverse welfare consequences is to refrain from disbudding
or dehorning while better adapting housing, management and transport conditions to the needs of the animals (Knierim
et al., 2009). Another alternative is to keep genetically hornless (polled) cattle (Grobler et al., 2021) (see Section 3.7.2).

3.6.1.3.1 | Softtissue lesions and integument damage

Disbudding leads to soft tissue lesions and integument damage (the outer part of the horns being part of the integument)
that in addition cause pain during and after the procedure and likely further negative affective states such as itching during
the healing process.

With hot-iron cauterisation, the horn-producing cells are destroyed, resulting in burn wounds that can take from 6 to
13 weeks to re-epithelialise and are sensitive to mechanical stimulation during that time (Adcock et al., 2019; Adcock &
Tucker, 2018; Casoni et al., 2019). During burning without anaesthesia, calves show struggling behaviours like scurrying,
urging forward, head jerking, rearing and tail flicking, and after not being able to escape, some calves let themselves drop
down (Graf & Senn, 1999; Taschke, 1995). In the hours after hot-iron disbudding (at least up to 24 h according to Faulkner
and Weary (2000), several responses indicate pain and distress. They comprise restlessness (frequent standing up and lying
down), head shaking, ear flicking, tail flicking, hind leg kicking, scratching the lesion with the hind foot, reduction of social
behaviours, play behaviour and grooming, head rubbing, backwards movements, neck extension, prolonged lying and
reduced exploratory behaviour, avoidance of head pushing against pen mates, reduced feeding and standing indifferently
with lowered head as well as towards humans (Faulkner & Weary, 2000; Mintline et al., 2013; Taschke, 1995). These responses
can be reduced or eliminated by local anaesthesia (cornual nerve blockade: CNB) and non-steroidal anti-inflammatory
drugs (NSAIDs) (Heinrich et al., 2010; Herskin & Nielsen, 2018; Huber et al., 2012; Mintline et al., 2013; Stilwell et al., 2012). In ad-
dition to the pain response around disbudding, longer term alterations are also reported that can at least partly be reduced
by analgesic treatment. Theurer et al. (2012) continuously monitored 10 week old male Holstein calves after hot-iron dis-
budding with or without analgesic treatment (oral meloxicam) for 7 days using accelerometers. They found that untreated
calves without analgesic treatment spent less time lying for 4 days after disbudding and interpreted this as an indication
of pain experience. This conforms to the findings of Gingerich et al. (2020) that showed hot-iron disbudded Holstein heifer
and bull calves spending less time lying over the three observation days following the procedure than sham disbudded
calves. In addition, they spent a greater percentage of their lying time inside a shelter in the group pen. Adcock et al. (2023)
observed 4-10days old female Holstein calves that were not disbudded or disbudded with hot-iron and local anaesthesia
and analgesia (lidocaine cornual nerve block and oral meloxicam) at 3, 10 and 17 days after the procedure. They only found
more lying behaviour in the disbudded calves at 17 days after disbudding. However, on all live observation days disbudded
calves spent more time lying with their head down, which the authors altogether interpreted as attempts to reduce painful
stimulation of the disbudding wounds and allocate energy to healing. Such further differentiation of response patterns
and their interpretation need further investigation. Findings in humans suggest that tissue regeneration and the healing
process of burn injuries not only involve a longer lasting pain component, but also intense tingling or itching sensations
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which may be almost equal in discomfort to the pain itself (reviewed by Choiniéere et al., 1989). Taschke and Folsch (1997)
observed large increases in head jerking and hind leg kicking after hot-iron disbudding in part of the observed calves for
11 days. Adcock et al. (2020) administered a local anaesthetic to female Holstein and Jersey calves around 11 days after
hot-iron disbudding, when the necrotic tissue loosens from the scalp. Compared to a saline treated control, these calves
showed less head shaking and in tendency ear flicking, with no differences in grooming and transitions between standing
and lying. There are numerous brands of disbudding irons on the market. Their differences in recommended application
time, heat capacity and tip size could all have an impact on tissue damage, pain inflicted and healing process. However,
the few investigations conducted on comparisons between different disbudders did mostly not report major differences
in their effects. Thomsen et al. (2021) registered 2.3 times higher odds of an inadequate local anaesthesia with procaine
(indicated by behavioural responses) in calves disbudded with a large hot-iron compared to a small iron. However, Wohlt
et al. (1994) did not find any differences in the calves' cortisol responses 12 h after disbudding when comparing two types
of electric disbudding irons (conventional and Buddex™). Adcock et al. (2019) tested two types of hot-iron disbudders, a
gas disbudder on one horn bud and an electric disbudder on the other, with similar application techniques. Although
wounds tended to differ in size for 2 weeks following the treatment, the latency to re-epithelialise was unaffected by the
kind of iron employed (53 £ 3 days vs. 55+ 3 days). On the other hand, wounds due to electric disbudding tended to have
more days of loosely attached necrotic tissue and less days of granulation tissue than wounds from gas disbudding. The
smaller surface area of the gas disbudder tip may have led to a less severe burn and necrotic tissue falling off sooner. Most
disbudding studies list the brand of iron that was used, but they omit additional information, including the name of the
model (e.g. Kleinhenz et al., 2017), the iron temperature (e.g. Stilwell et al., 2010), the tip size (e.g. Mintline et al., 2013) or the
application time (e.g. Heinrich et al., 2010), making it difficult to derive any recommendations.

While it is usually considered that disbudding should be carried out in calves as young as possible - because it is ex-
pected that a more developed horn bud leads to more pain and a slower healing process — there is no empirical evidence
substantiating this. The number of comparative studies is low and mostly focused on calves in the first weeks of life. No
significant differences were found in behavioural and physiological indications of pain perception up to 7 h past hot-iron
disbudding (Caray et al., 2015) or in trigeminall sensitisation (Casoni et al., 2019; Mirra et al., 2018), comparing ages of 1 week
with 4weeks (Caray et al., 2015; Casoni et al., 2019; Mirra et al., 2018), nor comparing 4-10days with 15-28 days regarding
parameters of wound healing (Kretschmann et al., 2021). In addition, Marquette et al. (2021) found no consistent relation-
ship between age of the calf and diameter and height of the horn buds, but rather an influence of breed when comparing
Holstein-Friesian, Charolais, Simmental and Limousin suckler beef calves. On the other hand, there are indications that per-
forming disbudding very early after birth (3 days vs. 35 days of age) while not improving welfare outcomes, may produce an
increase in pain sensitivity (Adcock & Tucker, 2018) An increase in sensitivity to painful stimuli around the lesion (trigeminal
hyperalgesia) was observed in 8 out of 31 calves disbudded at 1 or 4weeks of age (Casoni et al., 2019). Thus, irrespective
of calf's age, disbudding of calves may lead to persistent changes in their sensitivity towards mechanical stimulation or
pressure near the site of the procedure, and this may be worsened in very young calves.

Caustic paste disbudding has been suggested as one of the least painful methods for horn bud removal (Vasseur
et al.,, 2010) and considered an alternative to hot-iron disbudding, possibly because the manifestation of behavioural
changes potentially indicative of pain by the calf is less immediate than with hot cautery (Stilwell et al., 2007; Stilwell
et al., 2009). However, according to Winder et al. (2017), caustic paste is acutely painful for at least 180 min based on be-
havioural and pain sensitivity responses. They suggest that caustic paste may result in a different pain experience than
cautery and therefore might require further pain indicators. The pain caused by alkali is described by humans as ‘itch-
ing pain’ or ‘marked pain’ (Ma et al., 2007; as cited in: Stilwell et al., 2009, p. 36). Rushen and de Passille (2012) found that
calves disbudded with caustic paste played less than control animals the day after the procedure. Furthermore, Drwencke
et al. (2023) report that the caustic wounds were more pain sensitive than undamaged tissue for at least 6 weeks and took
twice as long to heal (on average 18.8 and up to 34.1 weeks) compared with the 7- to 9-week healing period reported for
cautery methods (Adcock et al., 2019; Adcock & Tucker, 2018). This may also be due to the caustic wounds becoming much
deeper than the ones from hot-iron disbudding (Lindén et al., 2023; Reedman et al., 2022). In addition, there are risks of
undesired integument and soft tissue lesions due to chemical spread from the bud site e.g. in the eye of the treated calf, of
group mates or e.g. in the udder region of the dam in suckler cows.

Scoop disbudding has the disadvantage of creating open wounds and a risk of bleeding. Scoop disbudding also re-
sulted in significantly higher and longer lasting cortisol response compared to hot-iron disbudding (Petrie et al., 1996a;
Stafford & Mellor, 2005b). Although Stilwell et al. (2007) found no behavioural differences in the first and third hour after
application of the three disbudding methods. At 6 h and over a 24 h period pain indications were more severe in the scoop
dehorned than in hot-iron or caustic paste disbudded animals, although it should be noted that the scoop and hot-iron
‘disbudded’ calves were actually dehorned, because they were older than 2 months of age (mean ages of 117 and 98 days).

When comparing disbudding and dehorning, the extent of damage is much higher for dehorning because the wounds
caused by the procedure are larger and more severe, with even larger effects on physiological and behavioural responses
such as an increase in plasma cortisol and in lying, head-shaking and ear-flicking or a reduction of rumination and groom-
ing (reviewed by Stafford & Mellor, 2005b). It can also lead to major bleeding, which requires careful observation and
control of bleeding by tourniquet or heat cauterisation (Jesse et al., 2016). After surgical dehorning in Brahman crossbred
steers aged 4, 9, 19 and 30 months, weight gains were significantly reduced during the first 2 to 6 weeks, reflecting im-
paired welfare (Loxton et al., 1982). In mature steers with fully developed horns (Winks et al., 1977) and in Canadian feed-
lot cattle in winter, negative weight effects were still evident 106 days after dehorning (Goonewardene & Hand, 1991). In
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contrast, no long-term impairment of performance is reported for disbudded calves (e.g. Grondahl-Nielsen et al., 1999;
Laden et al., 1985).

Neely et al. (2014) observed cattle dehorned at a live weight of about 312 kg with different methods for 28 days after
the operation and found no difference in lying postures (head up and ruminating, head down, full or partial extension
of hind legs, fully lateral position) between animals that were dehorned with a mechanical method (keystone dehorner)
compared with control (not dehorned). Lying time was instead significantly higher for animals dehorned with the band
method, which consists of applying a Callicrate Bander at the base of the horns that will occlude blood supply to the horn-
producing tissue resulting in necrosis of the horn and its subsequent passive elimination. This led to greater and prolonged
post-procedure discomfort for the animals as regards gait, lying postures, appetite and depression scores. Cattle dehorned
with the mechanical method showed higher vocalisation and discomfort during the procedure, which was performed
without anaesthesia and analgesia.

In general, there has been a lengthy history of attempts to mitigate the short- and long-term effects of disbudding and
dehorning (reviewed by Winder et al., 2018), including the CNB (Emmerson, 1933). Disbudding and dehorning are unques-
tionably painful irrespective of method, and the CNB as well as administration of analgesics contribute to a considerable
reduction of pain around the procedure for every method (Sheedy et al., 2024). However, there is a risk of incomplete desensi-
tisation by the CNB due to an inadequate technique concerning placement of the injection (partly due to biological variation
of the cornual nerve, and other nerves providing sensitisation to the horn region), type of drug used, injected volumes of the
anaesthetic, too short time interval between injection, and inefficient or no testing of desensitisation (reviewed by Knierim
et al,, 2009). Sheedy et al. (2024) recommend adapting local anaesthesia approaches to include the infratrochlear nerve or a
form of infiltrative or ring block. However, they state that more research is needed to validate these approaches. Furthermore,
the choice of anaesthetic affects the efficacy of anaesthesia and the duration of action. The use of lidocaine in food-producing
animals is restricted in the EU. When administering procaine alone, Adam et al. (2025) found higher tactile sensitivity and pain
scores and lower pressure pain thresholds in hot-iron disbudded calves in comparison to lidocaine, but also in comparison
to procaine combined with epinephrine. Moreover, a low pH of the product can be aversive to the calves during application
(Adam et al., 2025). After the procedure, despite the use of anaesthesia and analgesia, pain and longer-term pain sensitisation
at the pericornual sites can occur (Colston et al., 2024). Casoni et al. (2019) found indications of hyperalgesia and allodynia in 7
and 28 day old calves after hot-iron disbudding under sedation and local anaesthesia and with subsequent analgesia for up
to 105 days of age (when the experiment ended), and in 38% of the disbudded calves they found indications of pain lasting
more than 3 months. They concluded that the current recommendations of disbudding calves under sedation, with local
anaesthesia of NSAIDs are insufficient to prevent the development of central sensitisation.

3.6.1.3.2 | Handling stress

Handling stress is a highly relevant welfare consequence in the context of mutilations. Disbudding in particular requires
significant calf restraint to ensure correct procedure and human and animal safety, and it is therefore a source of stress for
the calf. This is even more true for dehorning of older cattle. Fear during handling and restraint is greater in extensively
raised cattle due to their limited contact with people and farming facilities (Kaurivi et al., 2020).

Mitigation strategies for handling stress include application of and principles of low-stress handling, such as utilising
flight zones and points of balance to move animals, and calm handling in optimal facilities (Grandin, 2021), in addition
to the adoption of correct protocols of local anaesthesia and pain control, which significantly reduce spontaneous ani-
mal movements and stress. Sedation mitigates handling stress and is especially relevant in animals not used to handling.
However, sedation with xylazine and its reversal may be associated with ‘unpleasant experiences’ (reviewed by Stafford
& Mellor, 2005b). Stilwell et al. (2010) also discuss possible stress-inducing effects of sedation, for instance due to muscle
relaxation counteracting adequate responses of the calves to perceived challenges. Moreover, the induced central nervous
system depression has unwanted side effects such as lowering body temperature (Vasseur et al., 2014). In addition, it must
be considered that sedation, depending on its extent, might reduce physical responses, so that monitoring anaesthesia
efficacy becomes more difficult. The pros and cons of sedation should further be addressed in future studies.

Although Casoni et al. (2019) mention that stress might alter pain sensitivity in humans and rats, Stewart et al. (2013) did
not detect effects of the type of handling before disbudding on stress levels after the procedure. They compared the be-
havioural responses of 40 Holstein-Friesian calves that had been exposed to one of two handling treatments daily from 1 to
5weeks of age prior to disbudding at 5 weeks of age: (1) positive, involving gentle handling (soft voices, slow movements,
patting) and (2) negative, involving rough handling (rough voices, rapid movements, pushing). Heart rate, respiration rate
and behaviour (activity, tail flicking) were measured before and after disbudding. Heart rate, respiration rate and tail flick-
ing all increased after disbudding regardless of the type of prior handling possibly indicating that the ‘effects of handling
may have been overridden by the degree of pain and/or stress associated with the procedures’ (Stewart et al., 2013).

3.6.1.3.3 | Eyedisorders

The use of caustic paste carries the risk of eye damage, up to calf blindness. The active ingredients of caustic pastes are
strong alkalis causing severe burns, and care has to be taken to prevent paste running into the eyes of calves (Stilwell
et al., 2009), especially in case of rainfall over an active disbudding paste. If the calves can be kept dry for 24 h after paste
application, the paste is dry and the risk is overcome.
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3.6.1.34 | Separation stress and inability to perform sucking behaviour

When suitable facilities are available, separation stress can be mitigated by performing the disbudding procedure without
moving the calf from its usual environment. However, this is not an option when caustic paste is used because it requires
separation of the calf from the dam (or other calves) for at least 24 h to allow the paste to dry. This will avoid damage to the
udder or tongue of the dam or other calves when the calf sucks or is licked by them.

Dehorning needs specific facilities for adequate animal restraint, thus separation of the animal from the herd-mates is
required. Immediately after surgery, the animal will need a quiet, clean environment to aid bleeding control and observa-
tion for 30-60 min.

3.6.1.3.5 | Bonelesions (including fractures and dislocations)

In cattle older than 6 months, the bony horn core has to be cut during dehorning. Dehorning of adult cattle leads to the
opening of the frontal sinuses to the external environment. This carries the risk of sinus infection, requiring the use of
cleaned and sterile surgical and non-surgical instruments (Jesse et al., 2016). The wound needs to be covered with gauze
or cotton to prevent feed or litter particles or insects from entering the sinus. Chronic sinusitis is a frequent complication
of dehorning (Ward & Rebhun, 1992). If not properly treated, sinus infection can lead to skull bone damage. Furthermore,
bone injuries and fractures to limbs and ribs may result from animals' panic reactions during the handling and restraint for
the dehorning procedure. Comparing different dehorning methods, the risk of crushing or cracking of the skull bones, e.g.
caused by a sudden defence reaction of the animal during dehorning, is increased when using stiff blades rather than wire
saws and infection is more likely to occur after fractures (Parsons & Jensen, 2006).

3.6.14 | Conclusions on disbudding and dehorning

1. Disbudding, i.e. the destruction or removal of the free-floating horn buds in the skin above the skull of calves,
is a common practice in beef cattle.

2. Dehorning, i.e. the surgical removal of grown horns in calves over 2 months of age and in adult cattle, is a less frequent
practice, which is banned in some MSs as routine mutilation.

3. Both disbudding and dehorning of cattle aim to reduce animal injuries and damage to hides under constrained housing
or transport conditions, improve human safety, reduce damage to facilities and ease cattle handling.

4. The WCs selected as highly relevant for cattle due to disbudding or dehorning are soft tissue lesions and integument
damage, bone lesions (including fractures and dislocations), handling stress, eye disorders, separation stress, inability to
perform sucking behaviour and inability to perform comfort behaviour.

5. Regardless of the method, both disbudding and dehorning are painful practices and are associated with handling stress
due to the restraint required to perform them properly.

6. Dehorning carries considerably higher welfare risks (such as bleeding, sinus infections or bone fractures) than disbud-
ding, and is related to more handling stress and longer wound healing times (certainty >90%).

7. Properly administered local anaesthesia and post-surgical analgesia reduce pain around the procedure in all disbudding
and dehorning methods (certainty >90%).

8. Even if applying local anaesthesia and post-surgical analgesia, long-lasting pain develops (for several weeks) (certainty
>66%).

9. Signs of persistent sensitisation towards mechanical stimulation or pressure near the site of the procedure have been
reported in calves, potentially worse for calves disbudded at a very young age (e.g. at 3 days (certainty >66%). Research
is needed to clarify this.

10. Legal requirements, type of drugs available and common practices regarding the application of local anaesthesia and
analgesia vary widely within the EU.

11. Procaine seems to be less effective than lidocaine for local anaesthesia.

12. Sedation reduces overt signs of handling stress during disbudding and dehorning (certainty >90%). Insufficient re-
search is available on possible negative welfare effects of sedation, including increased stress due to sedative effects.

13. Surgical disbudding carries higher welfare risks, such as bleeding or infection, than hot-iron and caustic paste disbud-
ding and elicits more responses indicative of pain (certainty >90%).

14. Caustic paste disbudding carries further welfare risks, such as unintentional caustic burns of the eye or other body parts,
than hot-iron disbudding (certainty >90%). Caustic paste elicits substantial pain and is associated with prolonged heal-
ing times (e.g. 18 weeks) due to deeper wounds than those caused by thermocautery (certainty >90%). Moreover, in
contrast to hot-iron disbudding, it requires the separation from the cow and from other calves to avoid burning them.
For hot-iron disbudding, there are numerous brands of disbudders on the market, but there is insufficient information
on the welfare consequences of different heat capacities, tip sizes and application times.

15. Stress during handling and restraint is greater in extensively raised cattle due to them being less used to contact with
people and farming facilities.

16. Better adapting housing, management and transport conditions to horned animals allows to refrain from disbudding
and dehorning. An alternative is to keep genetically hornless (polled) cattle.
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3.6.1.5 | Recommendations on disbudding and dehorning

1. If possible, disbudding and dehorning should be avoided.

2. Dehorning should not be conducted unless justified by veterinary indication on an individual animal.

3. Legal requirements for disbudding should be harmonised across the EU, promoting standardised protocols that include
the mandatory use of local anaesthesia and analgesia.

4. To mitigate the pain induced by disbudding or dehorning, local anaesthesia and analgesia should be properly applied.
Criteria of proper application relate to the choice of medication, appropriate volumes, correct application sites, timing of
anaesthetic and analgesic treatment, and control of efficacy before disbudding or dehorning starts as well as after the
procedure.

5. Surgical disbudding should be avoided because of the higher risks of bleeding or infection in comparison to other dis-
budding methods.

6. Caustic paste disbudding should be avoided because of the higher welfare risks than hot-iron disbudding, such as
longer healing times, unintentional caustic burns of the eye or other body parts and because it requires separation from
other animals including the dam to avoid udder burns when nursing the calf.

7. Guidelines on correct use of the numerous different brands of disbudding irons on the market should be made available
and followed due to theirimpact on induced pain and ease of healing.

8. More research is needed on the potential increase of long-term pain sensitivity in calves disbudded a few days after
birth. As a precaution, disbudding very early after birth is not recommended.

9. For any method of horn removal, and particularly for extensively raised cattle, safe, non-damaging and low-stress han-
dling methods and facilities for animal restraint should be used to alleviate handling stress, but also to improve the
safety of the personnel.

10. Sedation prior to disbudding should be carried out, but further research should investigate the possible negative wel-
fare effects of sedation.

11. Further research is recommended on possible negative long-term effects of disbudding, such as persistent increase in
sensitivity towards mechanical stimulation and/or pressure.

12. The need for disbudding should be prevented by adapting housing, handling and transport conditions to horned ani-
mals, or by rearing genetically hornless (polled) cattle.

3.6.2 | Castration
3.6.21 | Current practices

Castration, i.e. the procedure involving the physical removal or inactivation of a bull's testicles, serves multiple purposes
within the context of cattle management. The main purpose of castration is to improve meat quality by increasing the
intramuscular fat content. Also, it is employed to diminish aggressive and sexual behaviour and mitigate the occurrence of
meat quality issues, specifically dark cutting beef. Castration may result in an alteration of the position in the social hierar-
chy within the herd.

There are various methods for castrating cattle, including surgical removal of the testes, commonly executed with tools
such as an emasculator or a Newberry knife; the use of a Burdizzo clamp (emasculatome), which crushes the spermatic
cords; or the application of rubber rings or bands around the neck of the scrotum. Compared to other castration methods,
the Burdizzo carries a risk of incomplete castrations (Thier, Doherr, et al., 2007), even more so for older animals (Mach
et al., 2009). The rubber ring or elastic band induces ischaemia and subsequent necrosis of tissues distal to the ring. Small
rubber rings are used for calves less than 1 month of age (Becker et al., 2012). For older cattle, heavy wall latex bands
are used along with a grommet to securely fasten the mechanically tightened tubing at the appropriate tension (Fisher
et al,, 2001; Pang et al., 2008). Chemical and immunological castration methods have been reported (Cohen et al., 1990, as
cited in Stafford & Mellor, 2005a, p. 272) but are not used in Europe (Marquette et al., 2023a). Immunocastration is based on
a vaccine against gonadotropins thereby disrupting the normal function of the hypothalamus, which then results in a lack
of luteinising hormone and follicle-stimulating hormone release and subsequently a reduction of testosterone and sperm
synthesis in males (Amatayakul-Chantler et al., 2013). In the context of this Scientific opinion, ‘physical’ castration methods
refer to surgical castration, Burdizzo castration, and rubber ring or band castration.

The decision whether to castrate or not depends on the husbandry system, market conditions and consumer expecta-
tions, among other factors. There are countries such as the Netherlands, Italy, Austria, Germany and Spain, where castration
is not common for conventional beef.

The age at which physical castration is carried out and pain management strategies vary depending on the method
(Coetzee, 2011; Marquette et al., 2023a) and the MS. According to the recommendations of Council of Europe (1988) it is
generally recommended that physical castration occurs before 4 weeks of age, the latest at 3 months or at the earliest han-
dling opportunity beyond this age (Council of Europe, 1988). In Ireland, the recommended maximum castration age varies
from 8days when using a rubber ring or latex band to 6 months when using a Burdizzo clamp. Above 6 months of age,
castration must be conducted by a veterinarian using appropriate anaesthesia and/or analgesia (Teagasc, 2020). In Austria,
physical castration is only allowed with anaesthesia and post-surgical analgesia and by a veterinarian or a specially trained
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person, and in Germany anaesthesia is required for physical castration carried out above 4 weeks of age. Rubber rings are
forbidden in Austria and Germany. Late castration at 18 months has been described but is not economically advantageous
(Micol et al., 2009, as cited in Marquette et al., 2023a, p. 709) although it may be performed in certain bulls with a potential
for high-quality meat.

The application of analgesia and anaesthesia is usually done intramuscularly or subcutaneously and, in some cases,
intravenously. The process of puncturing and administering the drug can be painful in itself. Other routes of administra-
tion of analgesia evaluated are oral (Coetzee, 2011; Meléndez et al., 2019; Olson et al., 2016) and topical administrations
(Kleinhenz et al., 2018; Lomax & Windsor, 2013; Mancke et al., 2025). Although the literature refers to a range of drugs tested
in the context of castration, in this Scientific Opinion the most relevant in an EU context are discussed.

3.6.2.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of castration are ‘soft tissue lesions and integument dam-
age’, ‘handling stress’, ‘resting problems’, ‘restriction of movement’ and ‘separation stress’. No linked welfare conse-
quences were identified in this context. The definition of each WC is available in Section 2.3.

3.6.2.3 | Preventive and mitigating measures

This section aims at discussing the highly relevant consequences of castration with a view of providing reccomendations
on welfare mitigation measures. In this context, an exhaustive review of the all the castration literature was not intended
but rather a discussion of the key findings relevant for providing reccomendations on mitigation measures for the welfare
consequences considered highly relevant by the EFSA experts. In light of this, the literature was searched to identify rel-
evant original research as well as narrative reviews (Bretschneider, 2005; Coetzee, 2011; Marquette et al., 2023a; Stafford &
Mellor, 2005a; Tschoner, 2021) or systematic reviews (Canozzi et al., 2017) on the topic. The experimental studies reviewed
have mostly focused on the evaluation of welfare implications depending on castration method, calf age, and effects of
pain mitigation drugs, or a mixture of these factors, and for this reason, direct comparisons of outcomes across experimen-
tal studies is often difficult, but conclusions and recommendations are drawn when sufficient evidence is available.

3.6.2.3.1 | Softtissue lesions and integument damage
3.6.2.3.1.1 | Cortisol and substance P

Cortisol has been widely used in research papers to quantify acute distress associated with nociception in calves because its
response is reportedly associated with the noxiousness of the mutilation (Bergamasco et al., 2021). Several studies have looked
at the effect of age at castration cortisol concentrations. Most studies evaluating cortisol response in castrated calves report a
lower response in younger compared to older cattle. Calves of 6 weeks castrated without pain mitigation drugs showed lower
cortisol concentrations than 3 and 6 month animals (Bergamasco et al., 2021), though no differences were observed for ‘area
under the curve’ nor for ‘time to maximum concentration’. Serum cortisol and substance P was evaluated in calves of 8 weeks
and 6 months castrated with surgical and band castration; regardless of treatment, concentrations of cortisol and plasma
substance P were greater in 6 month old calves compared to their younger counterparts (Dockweiler et al., 2013). However, a
meta-analysis assessing 22 publications and involving 162 trials with beef cattle up to 12 months of age concluded that differ-
ences in cortisol levels in surgical and non-surgical castration without drug administration compared to uncastrated animals
were not statistically significant (Canozzi et al., 2017). This may be due to the fact that increased cortisol levels may be seen in
response to handling alone (Coetzee et al., 2007) making results difficult to interpret.

Regarding substance P, lower values in younger calves post-castration compared to older calves were reported
(Bergamasco et al., 2021). Dockweiler et al. (2013) observed lower peak changes in younger (8 weeks) calves compared to
older calves (6 months), while Marti et al. (2017) found no differences among ages. Variation in substance P concentrations
following unmitigated surgical castration were observed in a study looking at the effects of unmitigated castration in
6 weeks, 3 months and 6 months calves, with the authors concluding that such responses may be age specific.

3.6.2.3.1.2 | Indicators of integument damage and soft tissue lesions

The age of castration also has an influence on the extent of soft tissue lesions and integument damage and an impact
on the degree of inflammation, swelling, healing scores, and wound and scrotal temperature (Marti et al., 2017; Mintline
et al., 2014). Inflammation evaluated with a swelling score lasted for 7 days when surgical castration was carried out in 1
week to 8 week old calves, and up to 14 days when it was carried out in 4-month-old calves (Marti et al., 2017). Calves of
1.5 months showed less swelling compared with 5.5 month old calves due to the less developed testicular and scrotal
tissue present in younger calves (Ting et al., 2005). Faster healing times in younger animals were also reported by Norring
et al. (2017). They evaluated the parameters incision closure, skin temperature, and tissue swelling, pain sensitivity
(evaluated by applying increasing force with von Frey hairs at the castration wound) and weight gain in surgically castrated
calves at 3 (range 0-8) or 75 (range 69-80) days of age (Norring et al., 2017). The authors concluded that calves castrated at
around 3 days of age showed more swelling and more signs of pain, but the castration incisions healed sooner, and their
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weight gain was less affected, when compared to animals castrated at 75 days of age indicating mixed effects of age on
castration (Norring et al., 2017).

The influence of the method of castration on indicators of inflammation has also been evaluated in research. In Burdizzo
castration, the spermatic cord and the blood vessels supplying the testicles are crushed, which is followed by oedema and
increased temperature in the affected tissue due to the trauma; which resulted in an increase of scrotal circumference
for 7 days after Burdizzo castration in all age groups tested (1.5, 2.5, 3.5, 4.5 and 5.5 month old) (Ting et al., 2005). When
inflammation was evaluated after castration with rubber rings in 1 week to 2 month old calves or with band castration in
4 month old calves, swelling lasted from 21 to 28 days and 35 days, respectively (Marti et al., 2017). In rubber ring or band
castration the process of healing may be further extended if the tension exerted to constrict the scrotum is insufficient,
and thus it takes longer to slough off (Marti et al., 2017). Overall, these studies indicate that healing and tissue regeneration
following castration are generally faster in surgical castration and Burdizzo compared to rubber rings or elastic bands, and
that castrating at an early age is associated with a faster healing process.

Measures to mitigate pain resulting from castration is the use of pain management drugs; this is discussed below.

3.6.2.3.1.3 | Effect of anaesthetics to mitigate pain around castration

Local anaesthetics are prescribed as pre-emptive and are administered directly to the scrotum (as a ring block at the neck
of the scrotum, in each testicle or a combination of them) or into the epidural space (Coetzee, 2011; Muir et al., 1995). One
of the most researched compounds in this context is lidocaine, administered as local aesthetic. Other drugs less frequently
evaluated are bupivacaine administered as local anaesthetic and xylazine administered epidurally. Lidocaine has a fast
onset of action (5-10 min), low toxicity and has an effective time of approximately 2 h (Boesch et al., 2008). Bupivacaine has
an effective time of 4 h (Boesch et al., 2008). Xylazine has primarily sedative and depressive effects (in terms of reduction
in heart rate and breathing rate) and only limited analgetic properties in cattle (Gonzélez et al., 2013; Ting, Earley, Hughes,
& Crowe, 2003). It becomes fully effective 15-20 min after intramuscular injection and the effect lasts for about 30-60
min. In the EU the use of bupivacaine and lidocaine in cattle are restricted and maximum residue limits have been set
(EMA, online).

Regarding lidocaine, a study investigating the anaesthetic effects of administration of lidocaine before Burdizzo or
rubber ring castration in T month old calves (n=10-15 calves) reported that compared with calves castrated without local
anaesthesia, calves castrated with lidocaine showed lower serum cortisol levels, less active behaviours (e.g. foot stamping,
kicking or wound licking) and abnormal postures (e.g. standing or waking unsteadily, standing with a hunched back or
lying with partially or full extended hind legs) for about 2 h. However, lidocaine administration did not result in a fully pain-
less castration (Thier, Mellema, et al., 2007).

The effect of lidocaine was also investigated in a study where 2-4 months old calves (n=7-13 calves) were castrated with
either Burdizzo clamp, rubber rings, bands or surgical castration with or without the anaesthetic drug (Stafford et al., 2002).
Although band castration caused a greater cortisol response than ring castration, the anaesthesia was effective in elimi-
nating the cortisol response in both types of castrations. In contrast, lidocaine anaesthesia was not effective in eliminating
a cortisol response in surgical castration and was only partially effective in Burdizzo castration. In the case of Burdizzo
castration, the reduction of plasma cortisol through local anaesthesia with lidocaine only lasted between 0.5 and 1 h after
the procedure; for surgically castrated calves, plasma cortisol did not differ or was even greater compared to calves with-
out pain control (Stafford et al., 2002). Similar results were observed in a separate study where the use of lidocaine as local
anaesthesia applied 20 min before castration in surgically castrated calves of 5.5 month of age (n=8) failed to reduce the
area under the curve of cortisol and the concentrations of fibrinogen and haptoglobin (acute phase proteins indicators of
inflammation and tissue damage) 24 h after castration compared to calves surgically castrated without local anaesthesia
(Earley & Crowe, 2002). In younger calves (1 week old; n=10) castrated with Burdizzo clamp, when lidocaine or bupivacaine
were applied 20 min before castration to each spermatic cord and scrotal neck, serum cortisol increased in all groups
immediately after the procedure, but the total cumulative serum cortisol concentration for the 3 h after castration was
lowest for calves anaesthetised with lidocaine followed by application of bupivacaine and non-medicated calves (Boesch
et al., 2008).

Topical administration of anaesthetics before calf castration has also been evaluated. In 3 to 4 month old calves, a
combination of lidocaine, bupivacaine, adrenalin and cetrimide applied topically to the spermatic cords (n=6-9 calves)
was associated with less pain-related behaviours (e.g. ventral recumbency with partially or totally extended legs, statue
standing with head down, high frequency of postural change from lying to kneeling, etc) up to 3.5 h after castration and a
lower mean response to von Frey stimulation compared to no pain mitigation (Lomax & Windsor, 2013). A separate study
reported that when anaesthesia in the form of a lidocaine-infused band was applied to 2 week old calves (n=13), they
showed more lying bouts at 35-41 days post-castration and an overall reduction of wound licking behaviour compared to
calves castrated with normal (non-lidocaine infused) bands (Mancke et al., 2025).

To sum up, these studies indicate that using anaesthesia alone during castration is associated with pain reduction
around the procedure but this occurs only to some extent (Coetzee, 2011). A better strategy is using combined anaesthesia
and analgesia; results of studies regarding these aspects are discussed below.
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3.6.2.3.1.4 | Analgesics

The NSAIDs produce analgesia and anti-inflammatory effects to some degree by reducing prostaglandin synthesis
through inhibition of the enzyme cyclo-oxygenase (Ochroch et al., 2003), and their effects on the peripheral and central
prostaglandins show their important role in multimodal analgesic protocols (Coetzee, 2011). The type of NSAIDs, its dose,
pharmacokinetics and the time of administration influence their mitigation action. The most common NSAID used during
castration are ketoprofen administered intravenously (Earley & Crowe, 2002; Stafford et al., 2002; Ting, Earley, & Crowe, 2003)
with a mean half-life of 0.42 h; flunixin meglumine intravenously (Cull et al., 2022; Webster et al., 2013), subcutaneously
(Nordi et al., 2019; Stilwell et al., 2008) or topical (Kleinhenz et al., 2018) with a mean half-life of 3.4+ 1.0 h for intravenous,
5.4+2.5 h for subcutaneous administration (Kissell et al., 2012) and 6.4 h for topical (Kleinhenz et al., 2018); carprofen
administered intravenously (Pang et al., 2006) or subcutaneously (Stilwell et al., 2008) with an mean half-life of 37-49 h
(Coetzee, 2012); and meloxicam administered subcutaneous (Gellatly et al., 2021; Meléndez et al., 2019; Meléndez, Marti,
Pajor, Moya, et al., 2018; Meléndez, Marti, Pajor, Moya, Gellatly, et al., 2017) or orally (Meléndez, Marti, Pajor, Moya, Gellatly,
et al.,, 2017; Meléndez, Marti, Pajor, Sidhu, et al., 2018; Olson et al., 2016; Roberts et al., 2015) with a mean half-life of 16.4 h
and 27.5 h respectively (Coetzee et al., 2009).

A few studies investigated the effect of an NSAID administered as single dose around castration. In 5.5 month old calves
(n=8), administration of ketoprofen alone 20 min prior to surgical castration resulted in a lower cortisol peak 15 min after
the procedure, a reduced cortisol area under the curve and lower plasma concentrations of fibrinogen and haptoglobin 24
h post-castration, compared to calves castrated without pain mitigation (Earley & Crowe, 2002). When carprofen (1.4 mg/
kg BW, intravenous) was administered 20 min prior to band or Burdizzo castration in 5.5 month old calves (n=10), no signif-
icant differences in cortisol response were observed from 2 h before to 12 h after castration, compared to calves castrated
without pain mitigation (Pang et al., 2011). These findings suggest that, at the tested doses, ketoprofen and carprofen are
not effective in mitigating inflammatory markers or cortisol responses associated with castration in calves. There were
also no differences total blood cell count or interleukin-6 concentration in calves administered oral meloxicam alone and
surgically castrated within the first 48 h after birth (Brown et al., 2015).

In a study involving 4 to 5 month old calves (n=15), oral meloxicam administered 2 h prior to surgical or band castration
was associated with a lower heart rate from 2 to 10 h post-castration, reduced plasma cortisol concentrations 5 h after sur-
gical castration and during 24 h following band castration, and decreased substance P levels at 24 and 48 h in both castra-
tion methods, compared to control calves (Olson et al., 2016). In the same study, calves band castrated with oral meloxicam
also showed lower lying bouts and lying time, and a greater overall activity (motion index) for 3 days, compared to non-
medicated animals (Olson et al., 2016). A study comparing different timings of subcutaneous meloxicam administration (6
h, 3 h and immediately prior to castration) in 6-month-old surgically castrated calves (n=11-12) reported that only admin-
istration at the time of castration significantly reduced substance P concentrations 24 h post-procedure, compared with
administration 3 or 6 h prior to castration (Meléndez, Marti, Pajor, Moya, Gellatly, et al., 2017). These results suggest that
immediate pre-castration administration may be the optimal timing for meloxicam administration.

Further studies evaluated the potential impact of NSAID use on inflammatory response reduction and healing process.
No changes in the inflammatory response and healing were observed in 1 week old (n=12) nor 2 month old (n=21-22)
rubber ring or surgical castrated calves using meloxicam administered subcutaneous immediately before castration (Marti
et al., 2018). Other NSAIDs such as flunixin meglumine applied intravenous alone also did not show a reduction of inflam-
mation or wound healing after castration in 25 day old calves (n=24) compared with calves castrated without pain man-
agement (Mintline et al., 2014). However, when subcutaneous meloxicam was combined with lidocaine applied as local
anaesthesia prior to castration in 7-8 month old calves (n=12), scrotal circumferences (measured as a proxy of inflamma-
tion in weaned calves) were reduced compared to calves that did not use the combination of local anaesthesia and NSAID
(Meléndez, Marti, Pajor, Sidhu, et al., 2018). A further study concluded that 10 day old calves (n=19-21 calves) castrated
after administration of lidocaine as local anaesthetic and subcutaneous injection of the NSAID meloxicam showed fewer
tail flicks and foot stamping, and increased lying time during the first hour post-procedure, compared to calves castrated
after injection of meloxicam only (Bernier et al., 2025). Overall, the reviewed studies indicate that NSAIDs administered as
a single dose have limited effect in reducing inflammation from castration, but, if combined with lidocaine, a reduction of
scrotal circumference and pain-related behaviours seem to occur.

3.6.2.3.2 | Separation stress and handling stress

Castrated beef calves need to be separated from the dam to carry out the procedure and this results in handling and
separation stress. However, the behavioural and physiological responses to separation and handling stress are linked and
are difficult to disentangle in young beef calves and often include vocalisations (Schnaider et al., 2022) and increased
cortisol levels (Dockweiler et al., 2013; Meléndez, Marti, Pajor, Moya, Heuston, et al., 2017).

Different studies investigated cortisol levels depending on age at castration to evaluate potential effects of handling
and, in the case of beef calves, separation stress. Baseline levels of salivary cortisol - after separation from the dam and
restraint but before castration — were greater in 1 week old beef calves than in 2 month and 4 month old beef calves, in-
dicating that calves separated at a younger age experience higher levels of stress (Meléndez, Marti, Pajor, Moya, Heuston,
et al,, 2017). No statistically significant differences on salivary cortisol concentrations at 60 and 120 min were observed be-
tween sham-castrated and castrated calves with band and surgical castration in 1 week old calves, but all groups showed
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an increase in concentrations compared to baseline levels. Statistically significant differences in cortisol concentrations
between sham castration and castrated calves were observed only in 2-4 months calves. This suggests that in young
calves the effects of handling and separation seem to have a higher impact on cortisol levels than the potential effect of
pain from castration. When interpreting these results it is also important to note that calves' cortisol levels baseline levels
in the first weeks of life have been reported to be very high decreasing to the levels expected in adult cattle by 27 days
of age (Knowles et al., 2000). Other indicators assessed in the same study were lying and standing behaviours, tail flicks
and foot stamps which also suggested a lower pain experience in the 1-week calves compared to the older age categories
evaluated. Another study on dairy calves reported that 6 week old calves had a lower cortisol concentration than 3 and 6
month old calves in both sham and castration treatments, and that cortisol levels decreased faster in 6 week old calves than
in the older calves (Bergamasco et al., 2021). Consistent findings were reported by Dockweiler et al. (2013), where sham-
castrated calves at 8weeks showed lower heart rate variability and a reduced cortisol area under the curve compared to
sham-castrated calves at 6 months. Taken together, these results suggest that compared to dairy calves, beef calves may
experience an additional stressor resulting from separation from the dam.

Research studies have also looked at the effect of age on separation stress. Young calves seem to show greater moti-
vation to re-establish contact with their dams as observed in a study where greater levels of restlessness were observed
in calves castrated at 3 month old compared to 6 month old (Petherick et al., 2015). However, the pain from castration
may supress the demonstration of behavioural expressions of separation stress. During separation from their dams, fewer
vocalisations at 4-7 h post-castration compared to non-castrated calves were observed (Petherick et al., 2015). These au-
thors suggested that non-castrated calves acted in a ‘normal’ way and therefore vocalised to establish contact with their
dams because they were not experiencing pain, while calves in pain did not vocalise as much (Petherick et al., 2015). It is
interesting to note that cow-calf proximity the following 2 days after castration did not differ between castration method
(band or surgical) or compared with non-castrated calves in 2 month old calves (Gellatly et al., 2021). This contrasts with
observations from other species (ewe-lambs) where an increase of maternal care (licking, sniffing and vigilance behaviour)
has been observed when lambs expressed pain-related behaviours (Futro et al., 2015). In sum, these results indicate that
younger (< 8 weeks) calves are likely to experience higher levels of separation stress compared to 3 and 6-month calves, but
the behavioural demonstrations of such separation may be suppressed by pain-related behaviours experienced. There is
very limited evidence on the effects of castration in calves younger than 1 week.

3.6.2.3.3 | Resting problems and restriction of movement

The method of castration affects calves' resting behaviour and activity, likely due to their attempts to avoid exposing the
affected area to friction or mechanical stimulation. Age at castration is also likely to play a role on the severity of these
welfare consequences due to a higher extension of affected tissue in older animals.

Several studies investigated the influence of method of castration on resting behaviour. Calves castrated with rubber
ring or bands at the age of 4weeks spent more time standing compared to those that underwent surgical castration
(Nogues et al., 2021). This is in line with results from a study where calves castrated at 4 month old with bands showed
more standing and fewer lying bouts than calves knife or sham castrated 8 weeks after the procedure (Marti et al., 2017)
indicating longer term effects of the rubber rings or elastic bands. These resting problems are associated with the inflam-
matory response and integument damage caused by the application of the rubber ring or band. However, there seems
to be an effect of calves' age on the severity of the resting problems caused by rubber rings or bands. Difference in lying
times among rubber-ring or band castrated and non-castrated calves were observed when calves were castrated at the
age of 4 months but such difference was not observed in calves castrated at 1 week or 2 months (Meléndez, Marti, Pajor,
Moya, Gellatly, et al., 2017). This may be due to a more developed scrotum and testicular tissue suggesting higher resting
problems linked with elastic bands or rubber rings in older animals. This is in line with the observations from Gonzalez
who reported that castrated calves older than 6 months showed more lying bouts and less lying time compared to non-
castrated calves (Gonzélez et al., 2013; Meléndez, Marti, Pajor, Moya, Heuston, et al., 2017). Castrated calves tend to stand
or lie still and avoid walking to minimise the stimulation of the mutilated area. This was observed in a study evaluating
the frequency of abnormal postures depending on the castration method used (Burdizzo, surgical, rubber ring and sham
castration) and depending on age (6, 21 and 42 days). Surgical castration was associated with a significant increase in
abnormal standing (defined as standing stationary with no movement of the legs or body, standing with hunched back
or trembling, standing with persistent kicking or foot stamping or waking backwards) especially in the first 30 min after
castration. The rubber ring method was associated with significantly higher abnormal postures in the first 2 h than those
observed in sham castrated, Burdizzo and surgically castrated calves (Robertson et al., 1994). Another study reported a
higher number of tail flicks and a lower walking time in the first 3 days after castration in calves castrated with rubber
ring compared to surgically calves. This effect was observed for calves castrated at 3 and at 6 months old (Petherick
et al.,, 2015). A lower impact on walking behaviour of surgical castration compared to band castration was also observed
in 2 month old calves during the first 2days after castration (Gellatly et al., 2021). In summary, the existing evidence
indicates that all physical castration methods are associated with resting problems and restriction of movement. These
effects are more pronounced following surgical, rubber rings or elastic bands castration than when the Burdizzo method
is used. Furthermore, these welfare impairments tend to persist longer when older calves — over two to 3 months of age
— are castrated using rubber rings or elastic bands.
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The use of pain mitigation strategies around the time of castration is expected to reduce the severity of resting prob-
lems and movement restriction. This has been demonstrated in calves treated with a single oral dose of meloxicam, which
showed fewer pain-related behaviours and less scrotal inflammation following both band and surgical castration com-
pared to untreated controls (Olson et al., 2016). In a separate study, calves castrated at 6 months of age and treated with
an epidural administration of xylazine combined with intravenous flunixin exhibited significantly higher lying times on
the day of castration, as well as at 48 h and 14 days post-procedure, compared to calves that did not receive pain relief
(Gonzélez et al., 2013). It is worth noting however that xylazine causes sedative effects and this may result in adverse expe-
riences during reversal; for a discussion of the limitations of xylazine in this context, see Section 3.6.2.3.1.3.

Importantly, the restraint method can also have an impact on the overall handling stress. Handling methods include a tip-
table (often used for calves below 3 months) and a chute for older calves where they are restrained while standing (Meléndez,
Marti, Pajor, Moya, Heuston, et al., 2017). The horizontal position of the tip table may cause additional handling stress com-
pared to when calves are kept standing. This is suggested by the observation of increased levels of salivary cortisol in 1 week
and 2 month old non-castrated calves 60 min after being restrained in horizontal position compared to 4 month old calves
that were sham castrated standing in a chute (Meléndez, Marti, Pajor, Moya, Heuston, et al., 2017). However, caution should be
taken when interpreting the effects of the handling method on handling stress in very young calves that are kept with their
dams because stress during handling could be confounded with separation stress or be additional to separation stress.

In summary, castration invariably involves handling and separation from the dam, making it impossible to fully prevent
these welfare consequences. As mentioned in the handling stress discussion of the ‘disbudding and dehorning section’
(see Section 3.6.1.3.2), mitigation strategies for handling stress include application of principles of low-stress handling
(Grandin, 2021), alongside the application of correct protocols of pain mitigation drugs.

3.6.2.34 | Pain mitigation: main messages

Current evidence generally indicates that castrated calves exhibit higher cortisol responses to castration compared to
sham castrated calves, but this was not confirmed in a meta-analysis specifically investigating this issue. Although it is
commonly assumed that young calves experience less pain resulting from castration compared to older calves, an assess-
ment of the available data does not allow to conclusively demonstrate age-related differences in the intensity of pain per-
ception during the mutilation procedure and the possibility of an age-dependent cortisol response to castration cannot
be excluded. Nevertheless, if castration is to be performed, conducting it at an early age - preferably before 8 weeks - is
recommended because this is associated with smaller wound size and faster healing. However, there are very limited data
on the effects of the castration in neonatal calves (below 1 week old) and hence recommendations cannot be drawn for
this age group. To the EFSA experts' knowledge, no studies have specifically evaluated the effects of early castration on the
possible development of sensitisation, indicating a need for research in this area.

A review of results from experimental studies indicates that combining local anaesthesia with NSAIDs is more effective
in reducing pain associated with castration than using a single analgesic agent. Nevertheless, there is no combination of
pain mitigation drugs that is likely to be fully effective when physical castration is carried out, particularly for castrations
carried out under field conditions. Best practices on pain mitigation include consideration of time for the medication to
take effect when planning the castration procedures (Neves et al., 2017), or the pain mitigation strategy not being applied
in a timely manner to avoid long handling and restraint times (Stafford et al., 2002). Furthermore, while most of the liter-
ature published regarding castration in cattle focuses on alleviating pain during and the hours after the procedure, there
is sufficient evidence that castration causes long-lasting pain (i.e. for several weeks after the procedure) (Small et al., 2020;
Thier, Mellema, et al., 2007) and hence ideally pain mitigation should be applied for as long as the pain is likely to last.
Sedation prior to castration should be carried out especially when calves are unused to handling but further research
should be carried out on its possible negative welfare effects.

In addition, provision of clean bedding material will reduce the likelihood of lesion infection (Marti et al., 2017; Marti
et al., 2018). Furthermore, regardless of the method used, castration should be performed by a veterinary surgeon or
trained operator who is competent in the chosen procedure and can recognise signs of complications (WOAH, online).
Finally, the most effective method to prevent pain and soft tissue lesions and integument damage resulting from castra-
tion would be the use of immunocastration (Marti et al., 2015) but the vaccine is currently not approved in the EU for cattle.

3.6.24 | Conclusions on castration

1. Castration is a mutilation procedure involving the physical removal or inactivation of testes. Physical castration
methods are surgical, rubber ring, band or Burdizzo castration. All of them cause severe pain when performed
without the use of drugs for pain mitigation. The use of some castration methods is banned in some MSs (e.g.
rubber rings in Austria).

2. Rubber ring and band castration are often performed without anaesthesia. Surgical and Burdizzo castration are usually
used with pain mitigation.

3. Highly relevant welfare consequences of the physical methods of castration are soft tissue lesions and integument dam-
age, handling stress, separation stress, resting problems and restriction of movement.

4. All methods of castration (including immunocastration) have the aim to improve meat quality by increasing intramuscu-
lar fat and reducing dark cutting beef, and to reduce sexual and aggressive behaviours.
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5. Itis not completely clear whether there are differences in the intensity of pain perception around the procedure de-
pending on age at castration but, due to the smaller size of the wound, healing is quicker in younger animals (certainty
>90%).

6. Castration carried out between 1 and 8 weeks of age is associated with a faster healing of the wound compared to older
ages (certainty >90%). Very limited research is available on the welfare consequences of castration in neonatal (<1
week) calves, so conclusions cannot be drawn for this age group.

7. When very young animals experience pain, there is a risk for central sensitisation (certainty > 50%).

Castration at an early age (first weeks of age) is associated with a higher separation stress in beef calves.

9. There is no conclusive evidence that a short-term application of NSAIDs significantly reduces inflammation or healing
time.

10. The use of anaesthesia mitigates the pain around the procedure (i.e. for a few hours). However, in practice, full pain relief
is rarely achieved.

11. Depending on the method of castration, pain is shown at different times. Surgical and Burdizzo castrations are charac-
terised by a high frequency of behaviours indicative of pain around the procedure, followed by a lower frequency of
such pain behaviours during healing over 4-9weeks (certainty >90%). Rubber ring and band castration are character-
ised by pain around the time of the procedure, followed by prolonged pain over 6-9 weeks (certainty >90%).

12. The use of pharmacological pain mitigation (NSAIDs and anaesthesia) reduces the frequency of behavioural responses
indicative of pain around castration (certainty >90%). Despite pain mitigation, these behaviours can be observed more
frequently in calves older than 6 months of age than in younger calves (certainty >90%).

13. The combination of local anaesthesia and NSAIDs leads to a higher reduction of behaviours indicative of pain than using
anaesthesia or NSAIDs alone (certainty >90%).

14. Research indicates that lidocaine leads to a higher reduction of behaviours indicative of pain than other local anaesthet-
ics, and that meloxicam reduces post-surgical inflammation. There is a lack of studies directly comparing modes, timing
of administration and duration of treatment at different ages (certainty >90%).

15. The choice of drug, time and method of administration of the anaesthesia and NSAIDs impacts the mitigation of pain.

16. Immunocastration prevents the pain associated with integument and soft tissue damage and physical removal of the
testicles, but this method is currently not approved in the EU for cattle.

©

3.6.2.5 | Recommendations on castration

1. The need for castration should be reconsidered and if possible castration should be avoided.

2. If carried out, castration should be performed before 8 weeks of age to promote faster healing of the wound. However,
research is needed on the potential effects on central sensitisation of very early castration (within days after birth).

3. Band castration and rubber ring castration should be avoided due to the longer time needed to heal and the prolonged
pain associated with these methods.

4. Care should be taken to avoid incomplete castrations when using the Burdizzo method.

5. To mitigate the pain induced by all methods of castration, regardless of the age of the animals, a combination of anaes-
thesia and analgesia should be properly applied and continued as long as pain is likely to be experienced. Criteria for
proper application relate to the choice of medication, appropriate volumes, correct application sites, timing of anaes-
thetic and analgesic treatment, and control of local anaesthesia efficacy before castration starts.

6. Itisrecommended to promote standardised protocols for the use of local anaesthesia and analgesia around castration to
improve the pain mitigation in commercial practice.

7. Facilities have to be adapted to perform castration procedures minimising handling stress and pain. Particularly for ex-
tensively raised cattle, safe, non-damaging and low-stress handling methods and facilities for animal restraint should be
used to alleviate handling stress, but also to improve the safety of the personnel.

. During and after castration, calves should be in a clean and comfortable space to avoid infections and promote resting.

9. The authorisation of immunocastration as an alternative to physical castration in the EU should be considered.

0o

3.6.3 | Tail docking
3.6.3.1 | Current practices

Tail docking entails the removal of a portion of the tail, either through amputation or other means. The primary rationale
behind tail docking in beef cattle is to prevent tail-tip injuries and necrosis caused by trampling on the tail tip, which occurs
mostly when animals are kept on hard CSFs at high stocking density (e.g. Rouha-Muelleder et al., 2012; Schrader et al., 2001)
(see also Section 3.2.2.3.2.1 on the relationship between hard flooring and tail tip lesions).

Already in 1988 the Council of Europe recommended that tail docking should be forbidden (Council of Europe, 1988)
and most EU MSs prohibited this practice (Spoolder et al., 2016). In cases of severe tail injury, tail docking can be carried
out in individual animals for medical reasons, and tail docking is still permitted in two EU MSs for animal welfare reasons
(Spoolder et al., 2016). For example, in Austria removing a maximum of 5 cm, i.e. the tendinous part of the tail, is allowed
in calves, but only if necessary to avoid lesions and if the risk of lesions cannot be reduced through other preventive
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measures. Similarly, in Germany authorisation from the competent authority can be granted to dock the tip of the tail of
male calves under 3 months of age using elastic rings if other preventive measures to reduce tail lesions have not been
successful. Although the extent to which this practice is implemented is unknown, it is expected to be rare.

Tail docking methods in cattle include surgical docking, elastic banding and hot docking (Sutherland & Tucker, 2011).
Surgical docking entails cutting a portion of the tail using sharp surgical instruments, elastic banding involves the applica-
tion of an elastic ring and hot docking utilises a heated docking iron.

Administration of analgesia and anaesthesia during the procedure is recommended to minimise pain and discomfort;
in some MSs, e.g. Austria, anaesthesia and post-surgical analgesia are mandatory, and the procedure must be carried out
by a veterinarian.

3.6.3.2 | Welfare consequences

The WCs selected as highly relevant for cattle as a result of tail docking are ‘handling stress’, ‘soft tissue lesions and
integument damage’ and ‘resting problems’. ‘Inability to perform comfort behaviour’ was identified as a welfare
consequence linked with soft tissue lesions and integument damage. The definition of each WC is available in Section 2.3.

3.6.3.3 | Preventive and mitigating measures
3.6.3.3.1 | Handling stress

Handling and restraint are necessary to perform all tail-docking procedures. There are no studies comparing different
handling methods with regard to tail docking, but it can be assumed that the effects as regards e.g. separation and
constraint of the animals described for other mutilations apply (see Sections 3.6.1.3.2 and 3.6.2.3.2).

3.6.3.3.2 | Softtissue lesions and integument damage and resting problems

All tail docking methods lead to soft tissue lesions and integument damage. In the case of surgical removal or hot docking
the lesions result immediately from the procedure itself, while elastic banding initially causes a cessation of blood flow,
which is followed by necrotisation of the tissue distal from the band and loss of the necrotic tissue after about 3 weeks.

There are only few studies on the effects of tail docking in cattle and most studies were carried out in dairy calves and
heifers, primarily using elastic banding in more proximal parts of the tail, thus resulting in short tail stumps (e.g. ending one
hand width below the level of the vulva). Research on tail docking of female dairy calves and heifers is due to the fact that
tail docking of dairy cattle was frequently practiced in e.g. North America and New Zealand (Sutherland & Tucker, 2011).
However, this type of mutilation has nowadays been banned or is employed less in these regions. Studies on the effects of
removal of the tail tip only are lacking.

Rubber band docked calves increased tail grooming and the number of standing and lying bouts on day 0 while the total
lying time remained unchanged thus indicating restlessness (Tom et al., 2002). Similarly, more head movements directed
towards the tail and time spent standing following band tail docking have been observed by Eicher and Dailey (2002).
No significant differences in behaviour were observed between control calves and calves docked using a hot-iron (Tom
et al., 2002). Surgical tail docking of cattle weighing between 255 and 370 kg with a pruning shear followed by adminis-
tration of an elastrator band for haemostasis (under peridural anaesthesia and postoperative intravenous application of
flunixin meglumine) resulted in shorter lying times and an increased number of rear foot stomps than in control animals
during the first 3 days. Step counts and motion index were increased in docked animals compared to controls for 2 weeks
after the procedure (Kroll et al., 2014).

In fattening bulls with a mean weight of about 280 kg, Winterling and Graf (1994) observed that animals whose tail
tip had been docked at calf age (exact age not provided) showed significantly more (82%) ‘protected’ positions of the
tail when lying, i.e. on the body or in proximity to the body than undocked animals (72%). The authors assumed that the
docked tail is more sensitive to mechanical stimuli even when fully healed.

Physiological responses to tail docking vary. An increase in cortisol has been found in hot-iron docked calves, and the
response was independent from the application of an epidural local anaesthetic (Petrie et al., 1996b). No such changes
were found in calves tail docked using rubber rings (Petrie et al., 1996b). However, Tom et al. (2002) did not find signifi-
cant differences in plasma cortisol concentrations between control and hot-iron docked calves, whereas the rubber ring
group exhibited a significantly higher concentration for 60 min after treatment. Other studies have not found evidence for
changes in cortisol following tail docking in calves (Schreiner & Ruegg, 2002) or pre-parturient heifers (Eicher et al., 2000).
Similarly, no effects were described for heart and respiration rate (Schreiner & Ruegg, 2002).

As outlined above, the occurrence of tail-tip injuries is mainly determined by the combination of housing system and
the associated stocking density. In an on-farm study with 10 farms per housing system, Schrader et al. (2001) found tail-tip
injuries in 32% of fattening bulls kept in fully slatted floor pens (2.15 m? per animal), while only 3% of the animals in straw
bedded pens (3.73 m? per animal) were affected (p <0.001). In animals kept in fully slatted floor pens, the incidence of tail
tip lesions increased with increasing stocking density.
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3.6.3.3.3 | Linked welfare consequences

Removal of large parts of the tail, including the tail tuft, impairs effective fly removal from the rear body parts, thus leading
to ‘inability to perform comfort behaviour’ (dairy cattle: Eicher et al. (2001).

Short tail stumps have been shown to be more sensitive to heat and cold than when the tail remains intact, and neuro-
mas can form in the scar tissue (Eicher et al., 2006), but the implications of this sensitivity are unclear.

3.6.34 | Conclusions on tail docking

1. Surgical removal, hot docking and elastic banding are the methods used for tail docking of cattle.

2. The highly relevant welfare consequences of all tail docking methods are handling stress, soft tissue lesions and integu-
ment damage, and resting problems.

3. Most scientific evidence refers to practices through which up to two-thirds of the tail is removed. Currently, if tail dock-
ing is allowed according to national legislation, removal of the tail tip is most common, but the effect of this method on
animal welfare has not been investigated.

4. Band/rubber ring tail docking results in behaviours indicative of pain, such as head movements directed towards the tail,

and more and shorter resting bouts (certainty >90%).

Hot-iron docking leads to less intense reactions indicative of pain than band/rubber ring tail docking (certainty > 66%).

6. There is less evidence for changes in physiological measures such as blood cortisol or heart rate following tail docking
compared to changes in behaviour.

7. The evidence for the effectiveness of epidural local anaesthesia is inconclusive, but due to the smaller lesion inflicted and
the lesser innervation, docking of the tendinous tail tip leads to less severe welfare impairments than docking of parts of
the tail with vertebrae (certainty >90%).

8. The primary rationale for tail docking in beef cattle is to prevent tail-tip injuries and necrosis, but these problems can
be mitigated by management measures such as adequate space allowance and floor conditions (certainty >90%) (see
Sections 3.3 and 3.2.2 respectively).

b

3.6.3.5 | Recommendations on tail docking

1. Tail docking should not be carried out routinely.

2. The need for tail docking can and should be prevented by the provision of sufficient space and appropriate floor condi-
tions (see Sections 3.3 and 3.2.2 for more specific recommendations on these aspects).

3. Facilities have to be adapted to perform tail docking procedures minimising handling stress and pain. Particularly for
extensively raised cattle, safe, non-damaging and low-stress handling methods and facilities for animal restraint should
be used to alleviate handling stress, but also to improve the safety of the personnel.

3.7 | Therisk to welfare associated with breeding practices
3.71 | General description of the current breeding practices

The goal of beef cattle breeding is often to enhance traits related to meat production, with different objectives among
breeds. In existing beef production systems, there might be significant potential to improve animal welfare traits.

Traits influencing animal welfare such as maternal ability (see Section 3.7.6) are, like other traits, often influenced by ge-
netic and non-genetic factors, typically through the complex interaction of multiple genes. Genes can also have pleiotropic
effects, whereby a single gene can impact various phenotypic traits that may seem unrelated (Jensen, 2010). The evidence
suggesting that welfare traits are partly genetically determined by numerous genes with pleiotropic effects or linked with
other genes carries two significant implications. Firstly, that breeding for a particular production trait, like growth rate, may
result in favourable and/or unfavourable genetic alterations in welfare-related traits, such as calving difficulty. Secondly,
that welfare enhancement through breeding should be combined with data collection on potential consequences of the
genetic changes. Additionally, due to low heritability of functional traits, breeding should be combined with improved
management practices to achieve welfare improvements (Turner et al., 2024). The rate of genetic improvement depends
on the heritability the trait and the number of traits considered within a subpopulation. As the intercrossing and multi-
plication process takes time, there may be a delay of years before the initial effects of genetic selection on commercial
production can be observed.

Integrating breeding strategies with practical management interventions could help address some of the most prev-
alent WCs in commercial farming such as reproductive disorders (e.g. dystocia), handling stress or soft tissue lesions (e.g.
resulting from disbudding). However, it is essential to consider the potential broader impact of selection on phenotype
including effects on affective states.

35U9017 SUOLLUOD SA1ER.D d|qedt|dde au} Aq pausenof a1e SSpie VO 8Sn JO S9|N. 10} AReig 1T UIjUO 8|1/ UO (SUOIPUOD-PpUe-SWLRIAL0D A8 | 1M Ae.q 1 [eu1|UO//SARY) SUORIPUOD pue SLd | 3U} 835 *[G20e/L0/TE] uo Ariqiauliuo (1M ‘elfelpueIyd0D Aq 8156'G202 es " /€062 OT/I0p/W0d A8 | 1M Ake.q Ut U0 es jo//Sdny Wo.y papeojumoq ‘. ‘Ge0g ‘ZELYTEST



WELFARE OF BEEF CATTLE 89 of 195

3.72 | Polledness
3.7.21 | Description of the trait

Horns are permanent bony protrusions stemming from the frontal bone of the skull. They comprise a bony core ensheathed
in cornified epithelium. Tissue differentiation begins during embryogenesis, with physical growth starting during the first
weeks after birth. Initially free-floating in the skin layer above the skull, the horn buds later attach to the frontal bones
(Aldersey et al., 2020); pneumatisation starts at the age of about 6 to 8 months so that the frontal sinuses are directly con-
nected with the horn cores. Typically pointed and curved, horns serve several functions such as communication, defence
and thermal regulation (Aldersey et al., 2020; Schafberg & Swalve, 2015).

Polled cattle do not develop horns. In naturally polled cattle, polledness arises from a genetic mutation, primarily driven
by a dominant allele (P, POLLED) located on bovine chromosome 1 (Aldersey et al., 2020; Schafberg & Swalve, 2015). Thus,
if an animal is heterozygous (Pp) it will show a polled phenotype. This makes it relatively easy to breed for polledness
(Windig et al., 2015), although there are four different dominant DNA sequence variants that result in polled animals: Celtic
POLLED (Medugorac et al., 2012), Friesian POLLED (Allais-Bonnet et al., 2013), Mongolian POLLED (Medugorac et al., 2017)
and Guarani POLLED (Drogemidiller et al., 2005; Georges et al., 1993).

The possible occurrence of scurs complicates the selection for polledness. Scurs are incompletely developed horn-like
structures that consist of fibrous tissue covered by a layer of keratin, are of smaller size, have an irregular shape and lack
attachment to the skull (Capitan et al., 2011; Grobler et al., 2021). Like horns, scurs begin to develop and differentiate during
the fetal stage, and their early postnatal development is difficult to distinguish from horns. Because both scurs and early-
stage horns are free-floating formations (Randhawa et al., 2020) in young calves scurs can be easily mistaken for horns
(Grobler et al., 2021). Horns and scurs are governed by distinct genetic mechanisms (Aldersey et al., 2020). The genetic
causes of scurs are still challenging to comprehend due to the variability of loci found in different cattle populations and
the effects that sex hormones and epistasis have on the expression of scurs (Grobler et al., 2021).

The expression of scurs in cattle has been categorised into Type | and Type Il scurs. Type | scurs are epistatic to POLLED
and appear to be influenced by sex (Grobler et al., 2021). Studies have suggested the existence of a Type | SCURS locus on
bovine chromosomes 19 (Asai et al., 2004), 2, 9 and 10 (Tetens et al., 2015). Type | SCURS can only appear when males are
heterozygous for the POLLED locus and homozygous or heterozygous for the presence of scurs in the SCURS locus, or
when females heterozygous for the POLLED locus have a homozygous SCURS locus (Grobler et al., 2021). For instance, in
French Charolais cattle, Type Il scurs were observed, which result from a mutation on the Twist Family basic helix-loop-
helix Transcription Factor 1 (TWIST1) gene (Capitan et al., 2011). Type Il scurs are dominant over horns but not over the
polledness allele. No study has found homozygous animals for the TWIST1 locus, indicating that this variant may be lethal
during embryonic stages (Grobler et al., 2021).

3.7.2.2 | Animal categories
The polledness trait can be expressed in all types of cattle categories and both males and females.
3.7.2.3 | Current breeding practices

Certain beef breeds, like Aberdeen Angus or Irish Moiled, exhibit genetic polledness, while other breeds largely lack this trait.
Currently, there are breeding programmes aimed at selecting polled animals in various beef breeds, including Hereford,
Limousine, Charolais and Simmental (ICBF, 2019). A rising proportion of homozygous or heterozygous polled animals were
confirmed from information sent through the Public call for evidence (EFSA Public call for evidence, 2024 - PC-0742 19 -
Landwirtschaftskammer Nordrhein-Westfalen). This increase is attributed to the widespread genotyping of beef cattle bulls,
with a homozygous POLLED genotype featured in bull catalogues for farmers' selection of semen from polled bulls.

Polled bulls can be selected as sires in most beef cattle breeds due to the successful introgression of the POLLED al-
lele through various breeding programmes worldwide and the proportions of polled beef cattle have largely increased.
However, the frequency of polledness remains low or not present at all in some breeds. For example, while Aberdeen
Angus are all polled, and polled animals are present in Limousine, Charolais, Hereford and Blonde d'Aquitaine, other breeds
are typically horned, such as Chianina, Romagnola and other autochthonous beef breeds.

In some dairy cattle breeds, dynamics towards polledness are less marked depending on breeding policies of breeding
associations (Scheper, 2018), and sometimes it may prove challenging to increase the frequency of the POLLED allele, even
with genomic selection (Scheper et al., 2016 retrieved from EFSA Public call for evidence 2024 - PC-0742 19 - EFFAB- FABRE
TP; Mueller et al., 2021 retrieved from EFSA Public call for evidence 2024 - PC-0742 19 - EFFAB- FABRE TP). Some authors re-
ported that historically, farmers were hesitant to use semen from these bulls due to their lower rankings for other breeding
values, such as production, despite their potential for introducing polledness (Randhawa et al., 2021).

3.7.24 | Welfare consequences

The general decision whether to keep horned or hornless beef cattle may lead to differing WCs in relation to ‘soft tissue
lesions and integument damage’, ‘bone lesions (including fractures and dislocations)’, ‘group stress’, ‘predation

35U9017 SUOLLUOD SA1ER.D d|qedt|dde au} Aq pausenof a1e SSpie VO 8Sn JO S9|N. 10} AReig 1T UIjUO 8|1/ UO (SUOIPUOD-PpUe-SWLRIAL0D A8 | 1M Ae.q 1 [eu1|UO//SARY) SUORIPUOD pue SLd | 3U} 835 *[G20e/L0/TE] uo Ariqiauliuo (1M ‘elfelpueIyd0D Aq 8156'G202 es " /€062 OT/I0p/W0d A8 | 1M Ake.q Ut U0 es jo//Sdny Wo.y papeojumoq ‘. ‘Ge0g ‘ZELYTEST



90 of 195 | WELFARE OF BEEF CATTLE

stress’, ‘heat stress’ and ‘inability to perform comfort behaviour’ as explained below. The selection for genetic polled-
ness in beef cattle prevents certain negative WCs of disbudding and dehorning which relate to ‘soft tissue lesions and
integument damage’, ‘bone lesions (including fractures and dislocations)’, ‘handling stress’, ‘eye disorders’, ‘sepa-
ration stress’ and ‘inability to perform sucking behaviour’ (see Section 3.6.1). The definition of each WC is available in
Section 2.3. The WCs of not having horns vs. having horns, e.g. through the establishment of genetic polledness in beef
cattle populations, are discussed below.

3.7.2.41 | Softtissue lesion and integument damage and bone lesions (including fractures and dislocations)

If physical agonistic interactions occur, polled cattle is at a lower risk that skin lesions are caused. On the other hand, in
dairy cows it has been found that hornless cows show a greater proportion of physical agonistic interactions than horned
cows in the housing period (review in Knierim et al., 2015; Lutz et al., 2019) which could lead to bruises that are difficult to
detectin living animals. During transport and lairage the risk of horn-related injuries is particularly high, and polled animals
have been found to have half the number of bruises on their carcasses compared to horned cattle after road and partly rail
transport in two Australian studies (Meischke et al., 1974; Shaw et al., 1976). However, a more recent US study evaluating
presence of bruises on carcasses (n=4287) originating from 13 different feedlots found a high proportion of bruises due to
other causes than horn thrusts and no significant relationship between the number of horned feedlot cattle in a slaughter
group and the prevalence of bruises (Youngers et al., 2017). Similar recent European studies are not available, but in general
it can be expected that handling, loading, transport and lairage conditions that increase the risk of social conflict without
adequate opportunities for retreat will disproportionately increase the risk of bruising in horned cattle.

In most of the cases, injuries caused by horns are superficial scratches and bruises (Menke et al., 1999; Schneider, 2011).
However, injuries caused by horns may also affect sensitive areas such as udder and genitals and can sometimes even lead
to abdominal rupture and abortion (Knierim et al., 2015). Other risks associated with the presence of horns are the risk of
injury to the horns themselves (Knierim et al., 2015). Inadequate housing and management conditions greatly increase (a)
the risk that agonistic interactions related to competition for resources lead to an increase in horn injuries and (b) the risk
that horned individuals injure their horns, for example by getting stuck in housing facilities (Lutz et al., 2019).

3.7.2.4.2 | Groupstress

Polled animals may have greater difficulties in establishing stable social dominance relationships and may engage in more
physical agonistic interactions (Knierim et al., 2015; Menke et al., 1999). One study compared agonistic interactions in
groups of horned and hornless dairy cows while they were kept in an outdoor exercise yard for 1 h per day, and confirmed
that dehorned dairy cows showed a higher proportion of agonistic interactions with body contact than horned cows
while the level of total agonistic interactions did not differ according to horn status (Lutz et al., 2019). When it comes to
assessing social interactions and hierarchies in mixed herds of horned and dehorned cattle, study results are not clear-cut
(Knierim et al., 2015). Horned cows often have an advantage in terms of rank in the social hierarchy, but not always (Beilharz
& Zeeb, 1982). Other factors such as weight, age and social experience may override the effect of the presence of horns,
especially in established herds. During establishment of the hierarchy in groups of five heifers, Bouissou (1972) found that
animals without horns had a lower rank than horned animals. Furthermore, within pairs of animals, lighter animals (weight
difference 50 kg) with horns dominated heavier disbudded ones in 75 per cent of the cases while bodyweight did not
affect the dominance-submission relationship when both animals had been disbudded. A more recent study compared
activity levels and behavioural responses to a novel object and food competition tests of 81 young fattening bulls (up to
12 months old), kept in two horned, two disbudded or two mixed groups, and of 71 heifers up to 11 months of age, kept in
two horned and two disbudded groups under slightly different husbandry conditions (Reiche et al., 2020). No conspicuous
problems were found in the mixed groups. In general, test results were inconsistent between repetitions and inconclusive
with indications of more expression of fear in the novel object tests in disbudded bulls, but also in horned heifers, and more
physical agonisticinteractions in the food competition test in horned bulls, but less in horned heifers. The authors state that
the effects were small and highly context dependent. Thus, as reviewed by Knierim et al. (2015), effects of horns on cattle
social interactions are still not fully understood. Firstly, there is a lack of recent studies, and existing studies sometimes
lack details. Moreover, it is difficult to compare the behaviour of animals reared in different environmental conditions and
farms, as other factors such as herd size, housing conditions including space allowance per animal, farm management and
human handling experience largely influence social interactions in the herd (Knierim et al., 2015). Recommendations to
reduce harmful agonistic interactions in horned dairy herds target low levels of competition for resources, the opportunity
to avoid dominant conspecifics and facilitation of stable social relationships (Johns et al., 2019). It can be expected that
the same applies to beef cattle. Important measures to achieve this include a generous space allowance in total and in
specific functional barn areas such as the outdoor loafing area (Lutz et al., 2019), the avoidance of areas where cattle may
have difficulties to retreat, a generous ratio of lying, drinking feeding resources per animal (Collings et al., 2011; Krawczel
et al,, 2012), and in terms of management, the avoidance of regrouping (Raussi et al., 2005; von Keyserlingk et al., 2008)
and continuous availability of feed (Collings et al., 2011). In general, group stress in polled cattle is more difficult to detect
than in horned cattle where horn-related injuries are an overt indicator of physical agonistic interactions. Nevertheless,
the measures mentioned for reducing harmful agonistic interactions (Johns et al., 2019) also reduce group stress in polled
cattle (Baars et al., 2019). Ebinghaus et al. (2025) found that housing and management conditions better complied with
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recommendations to reduce agonistic interactions in 12 German dairy farms with horned cows than in 13 with hornless
cows. However, they did not find significant differences in faecal cortisol levels between horned and hornless herds,
indicating similar stress levels.

3.7.243 | Predation stress

Horns can be effective as part of defence against predators (Schafberg & Swalve, 2015), and polled animals or their calves
may in principle be at higher risk of predation when reared in open environments (e.g. animals kept at grass in rural areas)
where they can come into contact with predators. No studies addressing this were found.

3.7.2.44 | Heat stress

Horns may also play a role in thermal regulation in hot environments by increasing radiation surface and selectively cooling
the brain (Taylor, 1966). In a study that compared superficial skin temperatures in horned and dehorned cattle, the horned
cattle showed a rise of 0.18°C in superficial horn temperature per unit of heat load index while their eye temperature
remained significantly lower than that of dehorned cattle (Algra et al., 2023). In agreement with the hypothesis of thermal
dissipation from horns, Baars et al. (2019) compared milk samples from horned and hornless dairy cows within a mixed
herd during ambient temperatures of —6 to 2°C. The study observed differences in milk fatty acid composition, which were
attributed by the authors to an increased energy demand due to greater heat dissipation in the horned cows during cold
environmental conditions. However, differences in feed intake could not be included. The results regarding the role of
horns in heat dissipation should be considered with caution because at present the number of studies and the sample sizes
studied (e.g. in Algra et al. (2023) are low. if supported by future research, the role of horns for thermal dissipation should be
taken into consideration, in particular when dealing with individuals kept in environments with high temperatures.

3.7.2.4.5 | |Inability to perform comfort behaviour

If horns are genetically absent or removed, cattle are no longer able to use them for self-grooming of body regions which
are otherwise out of reach. Taschke (1995) observed six adult horned dairy cows kept in tie-stalls for 24 h and found that
about 28% of all self-grooming occurrences involved the horns. No investigations are available whether horned cattle use
brushes differently than hornless cattle, but it is conceivable that brushes are particularly important for hornless cattle to
compensate for the lack of horns.

3.7.2.4.6 | Other considerations

Rapidly increasing the frequency of the POLLED allele in breeds where it sporadically occurs may lead to certain undesirable
outcomes, e.g. due to inbreeding, which can result from high selection intensity for the polled trait in populations with a
limited number of POLLED sires (Randhawa et al., 2021). The establishment of genetic polledness in beef cattle populations
may also lead to WCs due to aloss of desirable genetic traits that may affect aspects such as disease resistance or adaptability.
However, knowledge on this is lacking.

In addition, even if this point is out of the scope of the mandate, it has been reported that many farmers feel safer with
hornless cattle from the risk of horn-gore injuries (Titterington, Knox, Buijs, et al., 2022). Records on farmers' accidents do
not currently allow comparisons to be made between the incidence and severity of accidents involving horned or hornless
cattle, as the necessary information on the proportion of horned and hornless cattle in the population is not available.
Injury risks with hornless cattle may sometimes be underestimated, as also pushes of hornless cattle can lead to fatalities
(Knierim et al., 2015).

On the other hand, dehorning practices itself may also increase the risk of injuries in handlers, especially in free-ranging
systems where dehorning is applied to calves older than 2 months of age, which poses a greater risk to the health and
safety of handlers (Bortolussi et al., 2005).

3.7.2.5 | Enhancing polledness frequency through breeding practices

The POLLED genetic variant allows for the use of polled bulls as breeding stock, and the proportions of polled beef cattle
have largely increased. In small populations of rare breeds where introgression of the POLLED trait can only be achieved
by crossing with other breeds, this is commonly avoided and sometimes the horns are a distinct trait of certain breeds
(e.g. Highland cattle). Better understanding of the loci behind polledness and scurs may make genetic selection of polled
individuals more effective. However, as insufficient knowledge is available about the functions of horns for cattle, e.g. re-
garding heat dissipation and about possible genetic correlations with other significant traits, a loss of the horn allele would
not only mean a reduction of phenotypic and genetic diversity, but also traits important for disease resistance and other
welfare aspects may get lost. Some authors reported the developing of gene editing outside EU for inserting the POLLED
variant into a breed (Mueller et al., 2021; Schuster et al., 2020). It cannot be excluded that this technique has WCs but the
technique is not currently permitted in the EU, and its consideration is out of the scope of the present mandate.
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Another way to increase the frequency of polledness is to avoid breeding horned breeds in favour of naturally polled
breeds. While in some EU member states this already seems to be the case (i.e. Eastern EU, EFSA Public call for evidence, 2024
— PC-0742 19 — Czech Beef Cattle Association, EFSA Public call for evidence, 2024 — PC-0742 19 - Deutscher Tierschutzbund
e.V.), in other countries the native beef cattle breeds are horned. In the latter case, the abandonment of some breeds in fa-
vour of polled breeds would lead to a loss of genetic diversity and variability. This latter strategy may also raise productive
and economic concerns, which however are out of the scope of the present mandate.

3.7.2.6 | Conclusions on polledness

1. The introgression of polledness in horned cattle breeds is an alternative to disbudding and dehorning procedures
to mitigate soft tissue lesions and integument damage (certainty >90%) (for more details, see Section 3.6.1).

2. In some breeds, introgression of the polled variant has already been achieved with a rather high frequency, whereas in
other breeds introgression is more difficult due to the lower frequency of the POLLED allele, especially in small popula-
tions of rare breeds, or it is sometimes not wanted, because the horns are considered a distinct trait of the breed.

3. Genomic selection represents a useful tool for increasing the frequency of the POLLED allele in cattle breeds.

4. As genetic polledness is inherited as a dominant trait, intensive selection for polledness can lead to the complete loss of
the horn trait.

5. Horns play a role in thermal regulation (certainty >66%) and protection against predators (certainty >66%), and they are
used for comfort behaviour (self-scratching). Their functional importance depends on specific husbandry conditions (e.g.
high/low environmental temperatures, indoor/outdoor conditions, presence of brushes).

6. Evidence of a lower proportion of physical interactions in horned cattle herds indicates that the presence of horns also
facilitates a more effective social communication within the herd.

7. When physical agonistic interactions occur, the presence of horns increases the risk of injuries (certainty >90%). However,
conditions leading to reduced competition for resources, that enable cattle to avoid dominant conspecifics and provide
for stable social relationships, have been demonstrated to reduce group stress and decrease agonistic interactions and
related injuries in herds of horned cattle (certainty >90%).

8. Soft tissue lesions resulting from agonistic interactions are often not as visible in polled cattle compared to horned cattle
(certainty >90%). However, this does not mean than they do not occur. For this reason, polled cattle will also benefit from
housing conditions leading to reduced competition (certainty >90%).

9. Genetic associations of polledness with other traits are largely unknown. The establishment of genetic polledness in
beef cattle populations carries a risk of losing desirable genetic traits such as disease resistance or adaptability (certainty
>50%).

3.7.2.7 | Recommendations on polledness

1. The function of horns (e.g. establishing and maintaining stable social dominance relationships, self-grooming, de-
fence against predators, thermal regulation) should be taken into account when deciding whether to keep polled
or horned beef cattle.

2. The decision whether to keep polled or horned beef cattle should be based on the specific housing and management
conditions. The more the housing system minimises competition for resources, enables cattle to avoid dominant conspe-
cifics, facilitates stable social relationships and thus provides for low group stress and low number of physical agonistic
interactions and related injuries, the less it is indicated to select for polled cattle.

3. If hornless cattle shall be kept, selection for genetic polledness is to be preferred to disbudding/dehorning to avoid their
negative welfare consequences of pain and associated stress. However, the potential negative long-term consequences
of polledness on the genetic capacity for disease resistance and other welfare-related traits resulting from loss of genetic
variability should be also considered. Further research is recommended.

3.7.3 | Temperament
3.7.3.1 | Description of the trait

In beef cattle, temperament can be defined as the animals' persistent behavioural and emotional responses to various
stimuli, including human interaction, handling and environmental factors (Sant'Anna et al., 2015). Persistent responses
towards external stimuli indicate the animal's predisposition to react, rather than a momentary emotional state. The term
temperament has been used in different ways in various studies. It was initially used in animal husbandry to describe an
animal's response to handling or forced movement by humans (Burrow, 1997). This definition is human-centred and is com-
monly used in beef cattle, where it is also referred to as ‘disposition’ or ‘docility’ in the animal breeding and genetics field.
Previous studies have used various other terms for describing the assessment of temperament, such as ‘handling tempera-
ment’, ‘maternal temperament’, ‘aggressive temperament’ or more general terms like ‘aggression’ and ‘sociability’ (Brown
Jr, 1974; Gibbons et al., 2009, 2010; Gutiérrez-Gil et al., 2008; Réale et al., 2007). The latter were used in studies that examine
the animal's response in contexts beyond human handling.
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Temperament encompasses a range of traits, from docile and calm to aggressive and excitable, with individual animals ex-
hibiting varying degrees of reactivity. Researchers commonly assess temperament using standardised behavioural tests, such
as crush (or chute) scoring, flight speed (also named exit speed), temperament score or docility test. These tests evaluate cat-
tle's reactions to restraint, handling and novel stimuli, providing quantitative or semiquantitative data on their temperament
traits. A list of the behavioural tests most used to define temperament in genetics studies is reported in Table 10.

Temperament is a multidimensional trait influenced by genetic and environmental factors. It has mostly low-to-
moderate heritability estimates, making this trait amenable for selection. However, the genetic basis of temperament is
complex, involving multiple genes and gene—environment interactions. Cattle temperament is shaped by physiological
(i.e. age and sex) and other factors, such as previous experiences, handling and maternal effects (Mormede, 2005). Some of
the variability in heritability estimates presented in Table 10 can also be attributed to differences in temperament among
breeds. For example, breeds derived from Bos indicus are generally known to have a more excitable or flighty temperament
than Bos taurus breeds (Burrow, 2001). Large differences exist also when comparing the heritability estimated for temper-
ament assessed through different behavioural tests. This last point is important because different behavioural tests might
measure slightly different behavioural responses, which therefore also have genetic bases that do not completely overlap
(reviewed in Haskell et al., 2014). In addition, the statistical characteristics of scores and values assigned to individuals fol-
lowing behavioural assessments can significantly impact heritability estimates.

TABLE 10 Behavioural tests used to define beef cattle temperament in different genetic studies and the relative heritability estimates.
Heritability estimates are expressed as mean + standard error.

Measure used to assess/

evaluate temperament Description Heritability estimates in different beef cattle breeds

Movement score (or crush Assessment of the movement of the animals 0.10+0.03 in Nellore (Sant'Anna et al., 2015)

score or chute score)

Crush score

Temperament Score or

Docility test

inside the squeeze chute (crush) for 4 s, just
after the animal enters (a scale from 1 -no
movement, to 5 - continuous vigorous
movement).

In Kadel et al. this was adapted with more

subcategories and a final score from 1 to 15
(Kadel et al., 2006)

Assessment of body position and overall

reactivity of cattle inside the squeeze
chute (crush) for 4 s, just after the animal
entrance (a scale from 1 — animal does not
offer resistance, remains with head, ears
and tail relaxed, to 5 — animal offers great
resistance, sclera of the eye is always visible
and has a ‘freezing’ reaction). This protocol
is similar to the movement score reported
above (Sant'Anna et al., 2013) but with some
additional observations concerning body
posture.

Assessment of the reaction of an animal that is

separated from its conspecifics in a pen and
is approached by an operator that tries to
drive the animal to a corner of this pen and
hold it there for a predetermined period of
time without physical aids (responses to all
parts of the test are scored independently
and then integrated into a single score from
1to5).

0.15£0.06 in German Angus (Hoppe et al., 2010 retrieved
from EFSA Public call for evidence 2024 - PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.17 £0.07 in Charolais (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 — PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.33+0.10 in Hereford (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 — PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.11£0.08 in Limousine (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 — PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.18+0.07 in German Simmental (Hoppe et al., 2010
retrieved from EFSA Public call for evidence
2024 - PC-0742 21 - Landwirtschaftskammer
Nordrhein-Westfalen)

0.19+0.02 in Brahmans, Santa Gertrudis and Belmond Red
at weaning (Kadel et al., 2006)

0.15+0.03 in Brahmans, Santa Gertrudis and Belmond Red
in finishing period (Kadel et al., 2006)

0.07 £0.04 in Nellore (Hoppe et al., 2010 retrieved
from EFSA Public call for evidence 2024 — PC-0742
21 - Landwirtschaftskammer Nordrhein-Westfalen;
Sant'Anna et al., 2015)

0.21+0.03 in Nellore (Barrozo et al., 2012; Le Neindre
et al.,, 1995; Phocas et al., 2006; Sant'Anna et al., 2015)

0.18+0.02 in Nellore (Barrozo et al., 2012)

0.14+0.11 in tropical breeds at weaning (Fordyce
et al.,, 1996)

0.12+0.11 in tropical breeds at 1 year of age (Fordyce
etal., 1996)

0.08+0.10 in tropical breeds at 2 years of age (Fordyce
et al., 1996)

0.19+0.03 in Pirenaica (Varona et al., 2012)

(Continues)
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TABLE 10 (Continued)

Measure used to assess/
evaluate temperament

Flight speed score

Flight speed

Flight distance

Aggressiveness score

Running time 1

Running time 2

Number of escapes 1

Number of escapes 2

Docility score

Description

Score of the flight speed from the chute with
1=walk; 2=trot; 3=run; and 4=jumping
out (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 -
PC-0742 21 - Landwirtschaftskammer
Nordrhein-Westfalen)

In Kadel et al. this was adapted with more
subcategories and a final score from 1 to 10
(Kadel et al., 2006)

Measurement of the time taken for an animal
to break two infrared sensors placed 1.7 m
apart after the animal leaves a crush (Kadel
etal., 2006).

Assessment of the distance at which an animal
starts to move away from an approaching
human (Fordyce et al., 1996).

Measurement of whether or not the animal
showed signs of aggressiveness towards the
handler in tests (Phocas et al., 2006)

Percentage of seconds passed running on a total
of 60 s during which: an animal is isolated
from herd mates and left alone in a pen for
30 s and then in the presence of a motionless
handler for another 30 s (Phocas et al., 2006).

Percentage of time spent running during a test
in which the handler attempts to contain
an animal for 30 s in the corner of a pen
with two solid walls. The test stops after the
animal spent 30 s in the corner or a total
test duration of 2 min is reached (Phocas
et al., 2006)

Number of escapes performed by the animal
during the test described for running time 1
(Phocas et al., 2006).

Number of escapes performed by the animal
during the test described for running time 2
(Phocas et al., 2006).

A linear combination of the results from the
behavioural tests performed by (Phocas
et al., 2006) described above. The individual
docility scores vary from 6.5 (most aggressive
animal) to 17 (most docile animal) (Phocas
etal.,, 2006).

Heritability estimates in different beef cattle breeds

0.20+0.08 in German Angus (Hoppe et al., 2010 retrieved
from EFSA Public call for evidence 2024 - PC-0742 21
- Landwirtschaftskammer Nordrhein-Westfalen)

0.25+0.10 in Charolais (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 — PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.36+0.06 in Hereford (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 — PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.11+0.07 in Limousine (Hoppe et al., 2010 retrieved from
EFSA Public call for evidence 2024 — PC-0742 21 -
Landwirtschaftskammer Nordrhein-Westfalen)

0.28+0.07 in German Simmental (Hoppe et al., 2010
retrieved from EFSA Public call for evidence
2024 — PC-0742 21 - Landwirtschaftskammer
Nordrhein-Westfalen)

0.21+£0.02 in Brahmans, Santa Gertrudis and Belmond Red
at weaning (Kadel et al., 2006)

0.28+0.05 in Nellore (Kadel et al., 2006; Hoppe et al., 2010
retrieved from EFSA Public call for evidence 2024
- PC-0742 21 - Landwirtschaftskammer Nordrhein-
Westfalen; Rolfe et al., 2011; Sant'Anna et al., 2015;
Paredes-Sanchez et al., 2023)

0.30+0.02 in Brahmans, Santa Gertrudis and Belmond Red
at weaning (Kadel et al., 2006)

0.34+0.03 in Brahmans, Santa Gertrudis and Belmond Red
in finishing period (Kadel et al., 2006)

0.34£0.11 in a population of Hereford, Angus, Simmental,
Limousine, Charolais, Gelbvieh, Red Angus and MARC
Il crosses (V4 Hereford, ¥4 Angus, ¥4 Pinzgauer, ¥4 Red
Poll) during finishing phase (Rolfe et al., 2011)

0.40£0.15 in tropical breeds at weaning (Fordyce
etal., 1996)

0.32+0.14 in tropical breeds at 1 year of age (Fordyce
et al.,, 1996)

0.70+0.23 in tropical breeds at 2 years of age (Fordyce
et al.,, 1996)

0.08+0.02 in Limousine heifers (Phocas et al., 2006)

0.24+0.02 in Limousine heifers (Phocas et al., 2006)

0.22+0.02 in Limousine heifers (Phocas et al., 2006)

0.10+0.02 in Limousine heifers (Phocas et al., 2006)

0.25+0.02 in Limousine heifers (Phocas et al., 2006)

0.18 in Limousine heifers (Phocas et al., 2006)
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Behavioural tests that involve quantitative measurements tend to yield larger heritability estimates. This is because the
continuous nature of these measured values provides a more variable measure of the assessment of temperament traits. In
contrast, scores that are based on qualitative assessments result in lower heritability estimates due to the reduced variabil-
ity in the outcome measures, especially if there is a low number of score categories.

In summary, genetic studies have revealed that temperament traits in beef cattle exhibit a degree of heritability, sug-
gesting the possibility of breeding to enhance temperament characteristics. However, several limitations exist, primarily
stemming from the diverse array of behavioural tests used to assess temperament.

3.7.3.2 | Animal categories

Temperament is a trait observed across all animal categories. It is also crucial in animals that interact with handlers.
Temperament can be assessed from an early age, including young calves from 2 months old (Webb et al., 2015). Numerous
scientific studies measure temperament in beef calves post-weaning, starting from around 5 months of age (e.g. Kadel
et al., 2006; Hoppe et al., 2010 retrieved from EFSA Public call for evidence 2024 - PC-0742 21 - Landwirtschaftskammer
Nordrhein-Westfalen; Venot et al., 2015).

3.7.3.3 | Current breeding practices

Temperament, often referred to as docility in genetics, is included among the traits for which beef cattle sires are already
being selected (Norris et al., 2014). Depending on the EU Member State, docility can be assessed and recorded by farmers,
such as in Ireland (EFSA Public call for evidence, 2024 - PC-0742 21 - IFA), or by genetic centres, such as in Italy and France
(ANABORAPI I-BEEF, online; Limousine, online). Normally bulls kept as candidate sires are tested with behavioural tests at
different life stages, and aggressive or excitable individuals are discarded from the selection schemes.

For example, candidate sires of Piedmontese sires are tested for their temperament at their entrance to the genetic
centre, and at the end of the testing period at the genetic centre (ANABORAPI I-BEEF, online). The first test is performed
when the calves are 5 months old and consists of the observations of the calves during five phases (observation of the calf's
behaviour in absence of the handler, in presence of the handler, with attempts of physical contact, during the movement
to the weighting crush and in the weighting crush). The second test is conducted when the animals are 12 months old and
is conducted during body measurements. The evaluator observes the animal's behaviour, as well as the stimuli and move-
ments required by the operator to maintain control.

For each phase of both tests, a score ranging from 1 to 4 is assigned to indicate the observed behaviour of the animal.
These scores reflect the animal's response to various stimuli and interactions with the operator, providing insight into the
docility level. Despite the temperament assessments being performed at 5 and 12 months of age, currently the Docility
Index used to select the candidate sires is calculated based on the results of the second test (ANABORAPI I-BEEF, online).

Docility indices are also used for other European beef cattle breeds. For example, Limousine candidate sires are assessed
using two behavioural tests, whose results are translated into two genetic indices, named COMPsev and REACsev (Venot
et al., 2015). These two indices are based on the behavioural tests named COMP and REAC. The REAC measure is taken
under restraint conditions and involves counting the number of movements of the animal (head, feet) during the first 10
s of weighing on the scale. This observation is assessed between 4 and 10 months of age, and the score for REAC ranges
from 1 to 10, with a value of 10 corresponding to 10 movements or more. For the second measure, COMP, the performance
control technician assigns a behaviour assessment score during the body measurements performed on the individual be-
tween 5 and 12 months of age. The COMP assessment ends with a score from 1 (friendly) to 7 (aggressive, tries to charge)
(Venot et al., 2015).

3.7.34 | Welfare consequences

The interaction between cattle temperament and housing practices plays a pivotal role in their overall welfare, and unde-
sirable temperament is one of the reasons cattle are culled (Hidano & Gates, 2019). Temperament can lead primarily to the
welfare consequence ‘handling stress’. No linked welfare consequences were identified in this context. The definition of
this WC is available in Section 2.3.

3.734.1 | Handling stress

Temperament plays a role in animals' reactions to handling, their behaviours in response to challenges such as human
approachorintervention during calving, and theirinteractions with other cattle. These behaviours also affect its adaptability
to routine farm practices (Norris et al., 2014). Cattle that are docile and calm are easier to move and handle, and exhibit less
signs of fear, resulting in fewer attempts to run away or make sudden movements.

The response of cattle to human intervention, especially in stressful situations such as calving, is another critical aspect
of their temperament. Animals that remain calm and cooperative during human approach or assistance around parturi-
tion are likely to experience less stress, contributing to a more positive outcome for both the cow, the calf and the handler
(Turner & Lawrence, 2007).
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Animals with a more excitable temperament have been found to have impaired growth and productive performance
(Sant'Anna et al., 2015), which may be a result of reduced time spent eating and decreased DMI (Nkrumah et al., 2007).
However, this negative association between excitable/fearful temperament and growth was not consistently found in
other studies, suggesting that variability may exist within and between different populations (Rolfe et al., 2011).

A negative association has been observed between excitable or fearful temperament and reproductive performance in
beef cattle. The negative effects that excitable or fearful temperaments appear to have on reproductive and growth in beef
cattle have been explained by the fact that these individuals may show higher stress responses. Baseline serum cortisol
levels were significantly higher in excitable than in calm or intermediate temperament animals in both Bos indicus (Cooke
et al., 2017; Cooke et al., 2019; Stahringer et al., 1990) and Bos taurus (Cooke et al., 2012; Fell et al., 1999; King et al., 2006).
The cortisol levels of the more excitable or fearful animals were on average +25% to +60% higher than the cortisol levels
observed in the calmer animals, while levels of cortisol in hair from the tail switch, reflecting the cortisol secretion over a
longer period of time (Tallo-Parra et al., 2015) but sometimes only moderate correlations with faecal glucocorticoid con-
centrations (Moya et al., 2013), did not differ between calm and more excitable individuals (Cooke et al., 2017).

Although the relationship between stress response and immunity in other species is well-known (Burdick et al., 2011),
little research has been conducted on the effects of different temperaments on beef cattle immunity and health. However,
one study reported a negative correlation between flight time speed and total mononuclear cells in blood at 5 days after
arrival of beef cattle steers at the feedlot (Fell et al., 1999).

The nature of interactions between conspecifics is a crucial aspect of herd dynamics and individual welfare in cattle.
Positive social interactions can lead to a herd that appears more cohesive and less stressed. On the other hand, negative
interactions, such as bullying or excessive competition, can increase stress levels and lead to injuries. However, no studies
have yet established a link between the temperament of beef cattle and how they respond to human handling and their
interaction with other members of the herd or the environment. Further research is required to determine whether the
more excitable or fearful temperament of certain individuals has any adverse effects on social interactions within the herd.

3.7.3.5 | Enhancing temperament traits through genetics and breeding practices

As reported in the current breeding practices paragraph, several selection schemes are already testing docility in the can-
didate sires and discard the animals that show aggressive or excitable responses to the behavioural tests. However, there
are some constraints that have delayed the genetic improvement of beef cattle breeds for temperament traits.

Firstly, the behavioural tests used to assess temperament are often inconsistent among studies and selection pro-
grammes, and sometimes rely on farmers' definitions of temperament, which are often based on subjective experience
(Estévez-Moreno et al., 2021). Often, different behavioural tests are used in different EU MS or breeding centres for different
breeds. This makes it difficult to assess and compare the genetic value for docility between different breeds. In addition, a
study highlighted the importance of defining the human environment in handling test procedures (Grignard et al., 2001).
The reactions across test situations (docility test and crush test) were only highly correlated (r>0.8) when a human was
present, while this did not depend on whether the human was motionless or stroked the animals (Grignard et al., 2001).

In pigs and mice, maternal defensiveness is exhibited most strongly by the least fearful animals (Marchant, 2002;
Parmigiani et al., 1999) but it is unknown whether the same pattern is seen in cattle. In beef cattle, where cows stay with
calves, a maternal aggressive behaviour can make farmer interventions difficult when necessary and also injure the calf.
Thus, selecting cattle for reduced fear of humans during routine husbandry tasks may improve routine procedure effi-
ciency but at the same time could lead to exacerbated handling problems, hazards and stress of animals in the postpartum
period (Turner & Lawrence, 2007). Therefore, it may be important to assess not only the temperament of bull candidates,
but also their daughters and their maternal temperament, so that selection indices can take into account the propensity to
develop aggressive maternal defensive behaviour (Turner & Lawrence, 2007).

Another point that has been recently raised is the need to further validate new behavioural tests that could be used
to assess different aspects of temperament in cattle. One approach supports the use of methods within the framework
of Pavlov's classical studies on higher nervous activity and conditioned reflex-driven behaviour (Danchuk et al., 2020;
Parshutin & Ippolitova, 1973). According to this approach, which emphasises the role of the cerebral cortex in shaping
behaviour, the primary nervous processes governing behaviour are defined by three key indices: intensity (strength), bal-
ance and mobility. Cows with a strong and balanced temperament, characterised by higher nervous activity, display en-
ergetic behaviour, curiosity towards their surroundings and determination in achieving goals. They can quickly adapt to
changes in environmental conditions and exhibit relative resistance to stress-inducing stimuli. Conversely, cows with a
strong and balanced but inert temperament exhibit calmer behaviour, show less interest in environmental changes and
demonstrate stress resistance, albeit with slower adaptation to new conditions. These findings support the need to identify
behavioural tests that could evaluate also the ability to cope with novelty, expressing curiosity and not only inert temper-
ament (Danchuk et al., 2020; Forss et al., 2024).

Moreover, researchers are actively pursuing the identification of genes and genetic variants associated with heightened
docility in animals (Paredes-Sanchez et al., 2023). Identifying genetic mutations directly linked to docile or calm temperaments
could enable the selection of the less fearful or less aggressive individuals without negatively affecting other traits related
to growth or production (Adamczyk et al., 2013). The candidate loci associated with temperament in cattle are diverse and
located on different chromosomes. Among them, the gene Solute Carrier Family 6 Member 2 (SLC6A2) which controls the ac-
tion of norepinephrine and supports arousal, mood, attention and reactions to stress, has been indicated as a candidate gene
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involved in cattle temperament (Paredes-Sanchez et al.,, 2023). Other candidates reported in the literature are Solute Carrier
Family 18 Member A2 (SLC18A2) and Pro-opiomelanocortin (POMC) genes (Garza-Brenner et al., 2017). The first participates in
the transport of dopamine, preventing its accumulation, while the second is the precursor for corticotropic hormone (ACTH),
which increases the expression of brain-derived neurotrophic factors responsible for neuron proliferation, differentiation and
survival. Another recent study performed on Brahman and Yunlin cattle identified Sortilin Related VPS10 Domain Containing
Receptor 3 (SORCS3) as a candidate locus associated with temperamental personality dimensions (novelty seeking, harm avoid-
ance, reward dependence and persistence) (Shen et al., 2022). In humans, diseases associated with SORCS3 include attention
deficit-hyperactivity, suggesting that this gene may be a candidate for identifying variants associated with cattle temperament.
However, the number of candidate loci associated with cattle temperament is quite high and distributed across the entire
genome of cattle. Therefore, further research is deemed necessary to identify a set of mutations that could aid in the selection
of beef cattle that are less fearful and less aggressive. The precision of heritability estimates derived from genomic studies is
currently hindered by the difficulty of standardised testing for temperament in a large number of animals. Behavioural tests are
often time-consuming and resource-intensive (Titterington, Knox, Morrison, & Shirali, 2022).

The development of new technologies for automated temperament assessment holds promise in expanding the avail-
ability of temperament data for genomic studies in beef cattle. These advancements enable the efficient and standardised
evaluation of temperament traits across larger numbers of animals (Chen et al., 2021), facilitating the collection of extensive
datasets for genetic analysis. Automated systems, such as computer vision and machine learning algorithms, offer non-
invasive and objective methods for assessing temperament-related behaviours (Cakmakci et al., 2023; Chen et al., 2021),
including fearfulness, aggressiveness and sociability. By leveraging these technologies, researchers can overcome limita-
tions associated with manual assessment methods, such as subjectivity, lack of validated protocols and time-consuming
processes. Ultimately, the integration of automated temperament assessment tools into genomic studies enhances the
accuracy and reliability of genetic evaluations, paving the way for targeted breeding strategies aimed at improving tem-
perament traits in beef cattle populations.

3.7.3.6 | Conclusionsontemperament

1. Efforts to select beef cattle displaying less fearful and aggressive temperament mitigate welfare issues resulting
from flightiness and aggression (certainty >90%).

2. Selection for calmer temperament (in terms of reduced flightiness) and simultaneously for increased maternal ability may
also cause an increase in maternal defensiveness due to reduced fearfulness towards humans, which leads to increased
difficulty in assisting the calf (certainty >66%).

3. Current breeding practices for improving beef cattle temperament include the assessment of the candidate sires with
behavioural tests. Individuals showing aggressive responses towards humans are discarded from the selection schemes.

4, ldentification of genes and genomic regions is useful for enhancing selection for docile and calm temperament in beef
cattle (certainty > 66%).

5. The behavioural methods to assess these traits are quite variable and, in some cases, rely on farmers' definitions of tem-
perament, which are often based on subjective experience.

6. Outcomes of behavioural tests to assess temperament are not consistent across studies (certainty >90%).

3.7.3.7 | Recommendations on temperament

1. The daughters of the sire candidates should be assessed to take into account the link between temperament and
maternal ability.

2. Behavioural tests used in selection programmes to assess temperament should be harmonised. The human environment
should be better defined in handling tests before they are used as a selection criterion.

3. Consensus among researchers on behavioural tests needs to be reached to develop more efficient selection schemes
addressing cattle temperament.

4. New behavioural tests to assess different aspects of temperament should be identified and validated, especially those
focusing on the ability to cope with novelty expressing curiosity.

5. The selection process could be improved by further research focusing on mutations directly associated with less fearful
and excitable temperaments.

6. New technologies and automated systems should be used to assess temperament traits across a larger number of ani-
mals, to assess temperament-related behaviour (including fearfulness, aggressiveness and sociability), and to enhance
the accuracy and reliability of genetic evaluations.

3.74 | Hypermuscularity

3.74.1 | Description of the trait

Hypermuscularity, is a well-documented trait in beef cattle characterised by an increase in muscle mass by on average 20%,
leading to significantly higher meat yields. This condition is valued in the beef industry due to its association with higher
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meat yield and leaner mass, particularly in the hindquarters, shoulders and back. The increase in muscle mass ranges from
8% to 51% in the forequarters and from 9 to 34% in the hindquarters (Ansay & Hanset, 1979; Fiems, 2012). It results from
an increase in the number of muscle fibres (hyperplasia) rather than an increase in the size of existing fibres (hypertrophy)
(Grobet et al., 1997).

This trait is associated with the mh (muscle hypertrophy) locus on Bos taurus chromosome 2, as reported in Online
Mendelian Inheritance in Animals database (OMIA:000683-9913) (OMIA, online). The effect of the mh locus on the presence
of double-muscling trait is determined by mutations in the myostatin (MSTN) gene (also known as growth differentiation
factor 8 - GDF8). This gene encodes myostatin protein, which negatively regulates muscle growth. In hypermuscular cattle,
mutations in MSTN lead to reduced or absent myostatin activity, resulting in uncontrolled muscle growth. Specifically,
the most common mutation is a deletion in the MSTN gene (MSTN c.821_831del), which has been extensively studied in
Belgian Blue and Piedmontese breeds, but is also present in other breeds (OMIA, online). Beef cattle display the double-
muscled (DM) phenotype only when they are homozygous for the mutated allele with the deletion MSTN ¢.821_831del
(autosomal recessive inheritance). However, there are several types of mutations located on the MSTN gene that can alter
the functionality of the encoded protein, including missense mutations, nonsense mutations and deletions/insertions,
as summarised in OMIA (OMIA, online). The missense mutation MSTN ¢.282C>A (alias F94L) has been shown to have an
additive effect that produces in heterozygosis an intermediate hypermuscular non-double-muscled (non-DM) phenotype
(Sellick et al., 2007). Similarly, an additive effect has also been observed for the nonsense mutation MSTN c.1004G>T (alias
E291*) in the Marchigiana breed (Sarti et al., 2019). There is an appreciable difference between hypermuscular non-DM and
DM individuals. Furthermore, while mutations in the myostatin gene are acknowledged in the scientific literature as the
primary cause of the DM phenotype, additional mutations in other genes can further enhance muscle mass even in DM
animals (Druet et al., 2014).

In the context of this Scientific opinion, subjects homozygous for these variants, such as Belgian Blue cattle, will be
referred to as DM and animals heterozygous for MSTN variants with an additive effect will be referred to as hypermuscular
non-DM. Hypermuscular animals include both DM and non-DM.

3.74.2 | Animal categories

Double-muscling is expressed in all categories of beef cattle and it holds particular significance in suckler heifers/cows due
to its close relationship with calving difficulties and dystocia. Already in the third trimester of pregnancy, the muscle mass
of fetuses from DM cows, is significantly heavier and more pronounced than that of fetuses of the same age from other
breeds (Mao et al., 2008).

3.74.3 | Current breeding practices

Double-muscling in cattle has been documented for over a century, but the number of DM individuals was low due to
complications during parturition. The prevalence only increased with advanced surgical techniques for caesarean sec-
tions (C-sections) and the advent of antibiotics and anaesthesia used in the course of C-sections (Fiems, 2012). Over the
years, the genetic selection schemes employed in several European cattle breeds have increasingly focused on MSTN (alias
GDF8) mutations due to their significant impact on muscle development and meat production. Double-muscling has been
identified and extensively studied in various cattle breeds, including the Belgian Blue, Piedmontese and Limousine, each
exhibiting varying degrees of double-muscling and associated phenotypic characteristics.

In Belgian Blue cattle, the myostatin gene mutation MSTN c.821_831del is particularly prominent and has been system-
atically selected for. The selection schemes for Belgian Blue cattle have prioritised this mutation because of its substantial
economic benefits, including higher meat yield and improved meat quality. The emphasis on the MSTN mutated allele
has been so significant that it has reached fixation in almost all Belgian Blue herds, meaning almost all animals exhibit
the mutated allele in homozygosity. In order to reduce the WCs resulting from double-muscling, Belgian Blue sires are
now selected for calving ease (CRV, 2022) and for leg conformation (EFFAB confirmed this by email on 31 January 2024)
(EFFAB, 2024). By 2014, the mutated allele responsible for double-muscling was only absent in a small population of about
3400 Blancs Bleus Mixtes, the ancestral dual-purpose counterpart of Belgian Blue cattle (Druet et al., 2014) which may serve
in future as a source of genetic diversity.

The myostatin gene mutation MSTN ¢.821_831del has also been identified in the Spanish cattle breed Asturiana de los
Valles (Grobet et al., 1997). Asturiana de los Valles bulls are evaluated as candidate sires for two distinct purposes: as termi-
nal sires producing offspring intended for fattening and subsequent slaughter, and as sires of future suckler cows. In both
cases, bulls are selected for their muscular conformation and the expression of the double-muscling phenotype, locally
referred to as ‘cularidad’ (ASEAVA, 2024a). However, a notable difference exists between sires selected for the two lines.
Sires selected for suckler cow breeding are also selected for calving ease to mitigate the negative effects of hypermuscular-
ity during calving. Additionally, the Asturiana de los Valles breeders' association (ASEAVA) maintains some breeding bulls
that do not carry the myostatin gene mutation responsible for double-muscling, designated as ‘toros libres del gen culén’
(ASEAVA, 2024b).

The Piedmontese beef cattle breed, originating from Italy, exhibits a double-muscling phenotype locally known as
‘doppia groppa’. This phenotype is caused by a single nucleotide polymorphism in exon 3 of the MSTN gene, resulting in
an amino acid change that disrupts the normal conformation of the myostatin protein (Kambadur et al., 1997). This genetic
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mutation leads to increased muscle mass and reduced fat content, traits highly valued in meat production. Similar to
Belgian Blue cattle, the MSTN mutated allele is nearly fixed in the Piedmontese breed, with over 96% of the herds in the
Piedmont region exhibiting the mutation in homozygosity (Miretti et al., 2013).

The Marchigiana breed, originating from Central Italy, is known for its large body size and high weight gain. In 2003,
a missense mutation in the MSTN gene causing a double-muscling phenotype was identified in this breed (Marchitelli
et al.,, 2003). However, the negative health and survival effects observed in homozygous individuals prompted the
Marchigiana breeders association (ANABIC) to exclude all DM homozygous animals from their selective breeding pro-
grammes, opting to retain only heterozygous bulls. Unlike breeds with other myostatin gene mutations, heterozygous
sires in Marchigiana cattle exhibit superior lean mass deposition characteristics without the adverse effects associated with
double-muscling, resulting in hypermuscular, non-DM sires (Aiello et al., 2018; Ceccobelli et al., 2022).

The Irish Limousine Cattle Society has adopted a similar approach to ensure informed mating decisions. The Limousine
breed showed different mutations in the myostatin gene (Cortés-Lacruz et al., 2017; Dominguez-Castafio et al., 2021), some
of which are causative of the hypermuscular DM phenotype and others are associated with hypermuscular non-DM ani-
mals. In a document published in July 2021, the Irish Limousine Cattle Society summarised the different MSTN mutations
that can be found in Limousine breeding animals, and suggested which matings are discouraged due to calving difficulty
and possible health problems encountered in the offspring (ILCS, online).

3.744 | Welfare consequences

Double-muscling not only leads to increased muscle mass but also significantly alters skeletal conformation and reduces
the size of internal organs relative to body mass. The welfare implications of double-muscling are therefore multifaceted
and have been scientifically reviewed (Bellinge et al., 2005; Fiems, 2012). The general decision whether to keep DM cattle
may lead to differing WCs in relation to are ‘reproductive disorders’, ‘handling stress’, ‘heat stress’, ‘respiratory dis-
orders’, ‘locomotory disorders (including lameness)’, ‘bone lesions (including fractures and dislocations)’, ‘muscle
disorders’ and ‘metabolic disorders’. No linked welfare consequences were identified in this context. The definition of
each WC s available in Section 2.3.

3.7441 | Reproductive disorders

The reduction in skeletal structure, particularly the underdeveloped hip bones in DM animals, negatively impacts calving
ease and cows' longevity. Studies indicate that the inclusion of the MSTN allele in Piedmontese cattle results in a significantly
reduced pelvic opening area. The pelvic opening in DM dams is 10% smaller than in non-DM Charolais (Vissac et al., 1973)
and 6% smaller than in crossbred cows, leading to higher incidences of dystocia and perinatal mortality (Arthur et al., 1988).
DM cattle, such as the Belgian Blue breed, have heavier fetal weights, with calves weighing up to 50 kg at birth (Fiems
et al., 2001). The percentage of calf birth weight to dam weight is 9.0% for primiparous Belgian Blue cows (Fiems & De
Brabander, 2009) and 8.3% for multiparous Belgian Blue cows (Fiems, 2012), compared to 7.5% and 6.5% for primiparous
and multiparous Holstein cows, respectively (Johanson & Berger, 2003). This disparity between the reduced pelvic opening
and increased calf birth weight necessitates C-sections, which have become routine for DM breeds. DM breeds such as the
Belgian Blue and Piedmontese exhibit high incidences of dystocia and need elective C-sections in most of the calvings
(>90% for DM Belgian Blue) (Tuska et al., 2021) and 9% in primiparous Piedmontese (Biagini & Lazzaroni, 2019). Furthermore,
C-sections significantly reduce subsequent pregnancy rates, because of health implications of the surgery. For a further
discussion on the consequences of C-section, see Section 3.7.5.

3.744.2 | Handling stress

C-sections and dystocia resulting from hypermuscularity cause pain and handling stress in the dam, may increase the risk of
delayed colostrum intake and onset of maternal behaviours (see Maternal ability, Section 3.7.6), and impair the production
and quality of colostrum (Tuska et al., 2021).

3.744.3 | Heatstress and respiratory disorders

DM cattle are more prone to heat stress compared to non-DM cattle. A study from 1970's observed that as ambient
temperatures rise, rectal temperatures of DM cattle increase more than those of non-DM animals (+2.24°C in DM vs.
+1.25°C in non-DM cattle) (Halipré, 1973), but no recent data on this aspect were found. This heightened sensitivity is due
to several physiological factors. Firstly, DM cattle have a larger muscle mass and a smaller body surface area relative to
their body mass, which limits their capacity for heat dissipation. Heat generation is proportional to muscle mass, while
heat dissipation depends on body surface area (Taylor et al., 2024). Additionally, DM cattle exhibit lower capillary density,
which affects their ability to regulate body temperature (Stavaux et al., 1994). Blood flow to the skin, which is crucial for
sweating and heat dissipation (Blazquez et al., 1994), is directly linked to capillary density, and lower capillary density in
DM cattle (Stavaux et al., 1994) impairs their ability to transfer metabolic heat from the body core to the skin. Furthermore,
approximately 15% of endogenous heat is lost through the respiratory tract in cattle (Finch, 1986). However, DM cattle have
reduced lung capacity, which further hampers their ability to dissipate heat. Moreover, DM cattle are more susceptible to
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severe respiratory disorders like bronchopneumonia (Gustin et al., 1987), which can further diminish their heat regulation
abilities. These factors collectively make DM cattle more vulnerable to heat stress, potentially exacerbating other health
issues and impacting their overall welfare.

3.744.4 | Locomotory disorders (including lameness), bone lesions (including fractures and dislocations)

According to Wolff's law, bones adapt to the loads placed on them by remodelling and becoming stronger to resist extra
load (Fiems, 2012; Rasch et al., 1989). However, the smaller bone content in DM cattle (Ansay & Hanset, 1979) means that
their bones are more challenged due to the increased body weight. This additional load on a reduced skeletal structure
can lead to various locomotory disorders (Fiems, 2012). Hendricks et al. (1973) found that 13-15 months old Angus DM bulls
had shorter metacarpal bones and thinner cortices compared to non-DM animals. Further studies showed that humerus
and femur lengths are significantly reduced by 4%-5% in DM Charolais bulls compared to non-DM bulls, and that their
femur circumference was reduced by 7%-10% (Vissac & Perreau, 1968). Shahin et al. (1991) reported that DM cows have
a lower proportion of bone in their carcasses, particularly in the forelimb and hind limb, with humerus, carpus and os
coxa percentages of total bone weight being significantly lower in DM cows than in non-DM animals. In addition to bone
structure, muscle and tendon properties also contribute to locomotory issues. Research on MSTN null mutant mice, which
are used as animal models for the double-muscling trait, revealed decreased force generation in muscles and increased
degenerative changes in the intervertebral discs (Hamrick et al., 2003). Mendias et al. (2006) found that while MSTN null
mice had significantly larger muscles (tibialis anterior and soleus muscles were 72% and 82% greater, respectively, than in
wild-type mice), their tendons were much smaller (40%-44% smaller in mass), resulting in a significantly decreased tendon/
muscle mass ratio and a 50% smaller cross-sectional area of tibialis anterior tendons. The tendons also exhibited a 14-fold
increase in stiffness, which is critical as stiffer tendons can cause greater damage to muscle fibres during contractions
(Mendias et al., 2006). These anatomical and physiological discrepancies could make DM cattle more susceptible to
locomotory disorders, but it should be considered that these conclusions are based on a mice model. The smaller, more
heavily loaded bones, combined with less robust tendon structures, lead to higher risks of skeletal and muscular injuries,
reduced mobility and overall poorer locomotion capabilities and fatigue. DM cattle may thus be at greater risk of leg
injuries and lameness compared to other beef cattle. For instance, 50% of the DM Piedmontese bulls kept in concrete fully
slatted floor pens showed swollen carpal and tarsal joints between 233 and 273 days of life (Schiavon et al., 2010) and even
higher rates have been reported for Belgian Blue bulls (De Campeneere et al., 2002; Ruis-Heutnick et al., 2000). It should
however be considered that prevalences for other breeds under similar housing conditions are not available.

3.744.5 | Muscle disorders

DM cattle have been reported to be more prone to muscle disorders such as white muscle disease and muscular dystrophy
(Allen, 1977). Animals with these muscle disorders have an increased need for selenium, and correspondingly, Belgian Blue
DM cattle have been shown to require increased dietary selenium levels when compared with other beef cattle breeds
(Guyot et al., 2007). Higher creatine phosphokinase activity, a marker of muscle degeneration, has been observed in DM
Belgian Blue bulls compared to Belgian Blue bulls with normal conformation, suggesting more muscle degenerative
processes in DM cattle (Uytterhaegen et al., 1994).

3.744.6 | Metabolicdisorders

The anatomical and physiological features of DM cattle can also increase the risk of metabolic disorders in these animals
(Fiems, 2012). The larger muscle mass requires more energy at maintenance level, whereas several internal organs are
relatively smaller in DM cattle (Ansay & Hanset, 1979; Vissac & Perreau, 1968), thereby decreasing the feed intake capacity.
Their reduced DMI combined with the lower energy content per kilogramme dry matter in low-quality diets results in
significantly decreased overall energy supply (Fiems, 2012). Consequently, DM animals are often provided with high-
energy diets to meet their nutritional needs (Fiems, 2012). Furthermore, several studies found that DM cattle have higher
phosphorus, calcium (Fiems, 2012; Meschy, 2002) and selenium (Guyot et al., 2007) requirements than non-DM animals,
indicating that DM cattle should be provided diets with increased macro and micro-nutrient density (Fiems, 2012). High-
energy and high-protein diets have, however, been found to increase the risks of metabolic and locomotory disorders
(Schiavon et al.,, 2010), suggesting that nutritional requirements in DM cattle should be addressed carefully.

3.744.7 | Further considerations

Double-muscling in cattle is not only associated with increased muscle mass but also with several geneticabnormalities. For
instance, DM animals, particularly in the Marchigiana breed, frequently exhibit macroglossia, which is an abnormally large
tongue that can lead to difficulties in nursing and feeding (Aiello et al., 2018). Additionally, there is a notable prevalence of
arthrogryposis, a congenital condition characterised by joint contractures that impair movement (Anderson et al., 2008).
Belgian Blue cattle also show increased frequency of alleles causing several genetic abnormalities, such as congenital
muscular dystonia, crooked tail syndrome, dwarfism, prolonged gestation, SNAPC4, hemartoma and arthrogryposis
(EFFAB confirmed this by email on 31 January 2024) (EFFAB, 2024). For this reason, artificial insemination candidates that
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carry genetic mutations for these conditions have been rejected since 2017. These genetic anomalies further complicate
the health and welfare management of DM cattle, underscoring the need for careful breeding and management practices
to mitigate these adverse effects.

A smaller heart and smaller lungs found in DM animals (Vissac & Perreau, 1968) may also contribute to an increased risk
of fatigue and increased susceptibility to stress. Exercise has been found to lead to exhaustion more rapidly in DM than in
non-DM cattle (Holmes et al., 1973). In addition, psoroptic mange has been reported to be prevalent in Belgian Blue cattle
in Flanders (Sarre et al., 2012), while Psoroptes ovis infestations are rare or absent in other cattle breeds (Losson et al., 1999).
It remains however unclear, whether the increased susceptibility to mange in Belgian Blue can be considered an effect of
the double-muscling genotype.

3.74.5 | Preventive and mitigating measures

To limit the WCs associated with double-muscling in cattle, several genetic selection strategies can be implemented.
One approach is to exclude all DM homozygous animals from the breeding programmes, opting to retain only heterozy-
gous bulls. This strategy has been chosen by the Italian National Breeders Association for Marchigiana beef cattle breed.
Furthermore, matings between heterozygous individuals can be prevented. To avoid matings of Marchigiana bulls and
cows carrying the MSTN exon 3 mutation, ANABIC has implemented an online platform that allows breeders to search for
the genotype of potential sires by ear tag, ensuring informed mating decisions (ANABIC, 2024). By doing so, breeders can
achieve a balance between muscle growth and skeletal robustness, thereby reducing the incidence of dystocia and other
related welfare issues. Selection strategies for the Piedmontese breed are designed to maximise the advantages of the
double-muscling while trying to address the reproductive challenges associated with double-muscling (see Section 3.7.5).

Another strategy involves crossbreeding DM cattle with non-DM breeds to combine desirable traits from both. This may
result in offspring that maintain some of the enhanced muscle characteristics while benefiting from improved calving ease
and overall health (Arthur, 1995). For example, semen coming from Belgian Blue sires is often used on multiparous dairy
cows in order to obtain dairy-beef cross calves with good muscle mass deposition but reduced risk of calving difficulties
when compared with beef breeds (EFSA Public call for evidence, 2024 — PC-0742 17 - Deutscher Tierschutzbund e.V).

Additionally, selecting for calving ease and improved anatomical features (such as pelvic dimensions and internal organ
size) in DM breeds may address some of the challenges associated with DM cattle, but further research is needed (see
Section 3.7.5).

3.74.6 | Conclusions on hypermuscularity

1. Double-muscled (DM) animals experience high rates of dystocia due to a mismatch between calf size and the
pelvic conformation of dams, necessitating C-sections (certainty >90%). For example, elective C-sections are carried
out in approximately 90% of calvings in DM Belgian Blue cows.

2. Double-muscled animals are at greater risk of heat stress, locomotory disorders (including lameness), metabolic disorders
and fatigue resulting from a smaller heart and smaller lungs compared to non-DM animals (certainty >90%).

3. Double muscling in beef cattle is predominantly caused by mutations in the myostatin (MSTN) gene, the most impactful
being MSTN ¢.821_831del, leading to reduced or absent myostatin activity and thus hyperplasia of muscle fibres, espe-
cially in hindquarters and shoulders.

4. Double muscling has a prevalence above 90% in some beef cattle breeds, such as Belgian Blue and, to a lower extent, the
Piedmontese breed.

5. Banning homozygous DM animals as sires and keeping only heterozygous hypermuscular bulls that show intermediate
phenotypes mitigates WCs due to hypermuscularity.

6. Avoiding mating hypermuscular sires homozygous for certain MSTN gene mutations with heifers and hypermuscular
dams prevents the occurrence of WCs due to dystocia.

7. Welfare consequences of hypermuscularity are mitigated by selecting for improved anatomical features such as pelvic
conformation and internal organ size (certainty >50%).

3.74.7 | Recommendations on hypermuscularity

1. For welfare reasons, homozygous double-muscled animals should not be used, and heterozygous hypermuscular
genotypes that show intermediate phenotypes should be preferred.

2. Breeding bulls that do not carry myostatin gene mutations responsible for double muscling should be used.

3. Selection strategies should also include traits for improved anatomical features, accounting for e.g. pelvic conformation
for calving ease, although the implications of the low calf weight part of the ‘birthing ease’ trait are unknown.

4. Informed mating decisions should be promoted, e.g. by implementing online platforms that allow breeders to search for
the genotype of potential sires.
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3.7.5 | Dystocia and caesarean section

3.7.51 | Description of the traits

Dystocia is a painful condition characterised by prolonged or difficult labour that necessitates human intervention and
can be attributed to factors such as calf size, pelvic conformation of the dam, a mismatch between dam's pelvic conforma-
tion and calf muscular mass, and calf malpresentations (as reviewed in Boakari & Ali, 2021). Dystocia, and the necessity for
C-sections are significant welfare concerns in beef cattle. In the context of this Scientific Opinion, the terms dystocia and
C-section are considered in relation to their association with some traits that are objectives of genetic selection, such as
conformation traits in certain breeds of beef cattle.

The frequency of dystocia varies among beef cattle breeds and across different countries. Smaller breeds, such as
Canadian Simmental, have lower dystocia frequencies, with approximately 3.7% on more than 1 million calvings (Jamrozik
& Miller, 2014). In contrast, larger breeds show higher incidences with French Charolais having around 8% (Phocas &
Laloé&, 2004) and Swedish Charolais and Hereford primiparous cows exhibiting 6% of dystocia (Eriksson et al., 2004). Belgian
Blue cattle are particularly prone to dystocia, leading to nearly 90% of C-sections being elective (Tuska et al., 2021). In hyper-
muscular DM cattle, dystocia is primarily due to the larger birth weight and muscular hypertrophy of the calves, resulting
in calves that are too large to pass through the pelvic opening of the dam. Gestation length has also been associated with
increased risk of dystocia, as calves tend to be heavier in cases of prolonged gestation length. Furthermore, in hypermuscu-
lar DM dams, skeletal underdevelopment relative to increased muscle mass may complicate calf passage in the birth canal.
For a complete review of the implications of hypermuscularity on the welfare of beef cattle see Section 3.7.4.

C-sections can be routinely performed with an elective C-section procedure, or performed in emergency when labour
becomes too delayed, and the dam and calf health are at risk. Elective C-sections are more commonly performed in cases
where natural delivery is expected to be not possible or difficult.

Most of the beef cattle breeds are already selected for the traits ‘calving ease’ and ‘birthing ease’ to reduce the risk of
dystocia and C-sections. These two traits are used to estimate the genetic merit of potential sires, but they do so from dif-
ferent perspectives. ‘Birthing ease’ evaluates how the conformation of the calf at birth affects calving problems, estimating
the candidate sire's ability to produce offspring with a smaller body size and lighter weight at birth. This trait focuses on
minimising the physical challenges caused by the calf during delivery. In contrast, ‘calving ease’ assesses the conformation
of the dam's birth canal and the overall suitability for unproblematic calving. It estimates the genetic merit of the sire of
the dam regarding an optimal pelvic structure and rear body conformation that enhances her ability to deliver calves
without difficulties. Calving ease and birthing ease traits can be obtained using measures such as calving ease score, calf
weight, prevalence of twins, calf size, calf condition after birth and liveability. The explanation of the traits and how they
are assessed is reported in Table 11.

TABLE 11 Measuresincluded in calving ease and birthing ease traits.
Measure used to assess/
evaluate calving ease and
birthing ease

Description Literature

A scale from 1 to 5 to describe how difficult
the birth was and how much human
intervention was needed. The used
scale is: 1-no problem; 2-slight problem;
3-needed assistance; 4-considerable
force needed to help getting out the calf;
5-extreme difficulty, needed C-section.

This scale has been changed in some
studies into a 4-point scale, with 3 used
to indicate calvings that needed hard
assistance and 4 the calving that needed
C-section (Cervantes et al., 2010).

First established for dairy cattle by Berger (Berger, 1994).

Used to estimate the impact of beef sires on beef x dairy
matings (Basiel et al., 2024).

Heritability of 0.325+0.022 in Asturiana de los Valles (Cervantes
etal.,, 2010).

Heritability of direct (calf) effect of 0.135 in Charolais and 0.145
in Hereford (Eriksson et al., 2004).

Heritability of maternal (dam) effect of 0.073 in Charolais and
0.113 in Hereford (Eriksson et al., 2004).

Heritability of direct calving ease=0.15 (Beef cow), 0.16 (Beef
heifer), Maternal calving ease =0.08 (Beef cow + Beef Heifer)
in Aberdeen Angus (Interbull Centre, online).

Calving ease score

Calf size at birth

Calf liveability (or calf survival)

Stillbirths

A 5-point scale, with 1 being very small,
2-small, 3-average, 4-large, 5-very large
(Berger, 1994).

Another variant of this trait is the calf birth
weight (Eriksson et al., 2004).

A scale with three steps: 1-alive; 2-dead at
birth; 3-dead by 48 h post-natal.

Recording of stillbirth calves.

First established for dairy cattle by Berger (Berger, 1994).

Heritability of direct (calf) effect of 0.481 in Charolais and 0.509
in Hereford (Eriksson et al., 2004).

Heritability of maternal (dam) effect of 0.109 in Charolais and
0.062 in Hereford (Eriksson et al., 2004).

Heritability of Direct Birth size =0.22, Maternal Birth size=0.05,
Direct Birth weight=0.33, Maternal birth weight=0.07 in
Aberdeen Angus (Interbull Centre, online).

First established for dairy cattle by Berger (Berger, 1994).
Heritability of 0.226 +0.018 in Asturiana de los Valles (Cervantes
et al.,, 2010).

Heritability of Stillbirth=0.038 in Aberdeen Angus (Interbull
Centre, online).
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TABLE 11 (Continued)

Measure used to assess/
evaluate calving ease and

birthing ease Description Literature

Calf condition A scale with 3 steps: 1-normal; 2-weak; First established for dairy cattle by Berger (Berger, 1994)
3-deformed.

Multiple pregnancy A scale with 3 steps: 1-single; 2-twin; First established for dairy cattle by Berger (Berger, 1994)
3-triplets.

Gestation length The interval, in days, from the last mating Heritability of 0.331+0.026 in Asturiana de los Valles (Cervantes
date to calving. etal., 2010).

Heritability of Gestation length=0.35 in Aberdeen Angus
(Interbull Centre, online).

Heritability estimates for calving ease, calf survival and gestation length are generally low to moderate, with variabil-
ity across different studies (Cervantes et al., 2010; Eriksson et al., 2004). This variability is largely attributed to differences
in the statistical models used for estimation of heritability (Tomka, 2018). Nevertheless, selection programmes for these
traits have been shown to produce significant improvements in future generations (Bennett et al., 2021). In addition, the
genetic variability at the basis of traits such as calving ease, calf size at birth and gestation length is influenced by both the
genetic variability of the calf (direct effect) and the genetic variability of the dam (maternal effect). Genetic correlations are
approximately 0.30 between calving ease and gestation length (considering both maternal and direct effects), and around
0.70 between calving ease and calf survival (for both maternal and direct effects), suggesting that selecting for calving
ease would produce benefits also for the other traits (Cervantes et al., 2010). However, some studies have found negative
genetic correlations between the direct and the maternal effects of calving and birthing, implying that sires with excellent
genetic merits for both calving and birthing ease could be hard to find (McHugh et al., 2014 retrieved from EFSA Public call
for evidence 2024 - PC-0742 17 - IFA). The dual genetic influence of these traits underscores the importance of selective
breeding in managing and improving these traits selecting for both the direct and maternal effects.

To the EFSA experts' knowledge, there are no published studies specifically looking at the risks or welfare consequences
of repeated C-sections in cattle. Some authors recommend avoiding repeating C-sections on the same animal and suggest
focusing on selecting for ease of calving instead (Hoeben et al., 1997). Studies on humans found that repeated caesarean
births are associated with increased risk of complications such as bleeding, infection, damage to the bladder and bowel,
and deep venous thrombosis (as reviewed by Dodd et al., 2017). As the number of caesarean sections a woman underwent
increased, the risk of adhesions also increased (as reviewed by Rashid & Rashid, 2004; Uygur et al., 2005; Dodd et al., 2017).
Comparing groups of women who had only one caesarean birth with women who had multiple caesarean births, the pres-
ence of dense adhesions and bladder injury were higher in women who had multiple C-sections (Choudhary et al., 2015;
Sobande & Eskandar, 2006; Uygur et al., 2005). In sum, repeated C-sections carry risks for the health of the cow, inferring
from literature available on humans.

3.75.2 | Animal categories

Dystocia and C-section affect suckler heifers/cows and calves, influencing their welfare and survival. The traits used to re-
duce the incidence of dystocia and C-section and mitigate their welfare effects are also used for sire selection.

3.75.3 | Current breeding practices

Genetic selection strategies to reduce calving difficulty focus on selecting sires using traits such as calving ease and birthing
ease, calf birth weight and size, stillbirth, calf survival and calf weaning weight. The goal is to enhance calving ease by breed-
ing dams with improved rear body and pelvic conformation and by producing calves that are smaller at birth but exhibit
substantial growth during the post-natal period. These selection strategies become even more important in beef compared
to dairy cows, because surveillance of calving may be more difficult when the cows are kept in extensive conditions.

For the main beef cattle breeds reared in the EU, the traits' selection objectives, their assessment, statistical modelling
and some genetic parameters have been publicly shared for Ireland, Estonia, Germany, Sweden, UK, France, Slovenia and
Czechia through Interbull webpage (Interbull Centre, online).

Selection for calving ease is a major objective for some European autochthonous breeds. For example, the selective
breeding programme for the Piedmontese breed developed by the Italian National Association of Piedmontese Breeders
has developed two distinct indices: the Meat Index (‘Indice Carne’), focused on selecting breeding stock that produces
offspring intended for fattening and slaughter, and the Breeding Index ('Indice Allevamento’), aimed at selecting breeding
stock for female replacements (ANABORAPI, online a). Both indices attribute equal importance to growth potential and
muscularity, contributing 20% and 25% to the total value of the Meat Index and Breeding Index, respectively. However, the
indices differ in the weight assigned to birthing ease and calving ease traits. The Meat Index places a higher emphasis on
birthing ease, which accounts for 36% of the total index value and calving ease accounts for 12%. Conversely, the Breeding
Index assigns 18% of its total value to birthing ease and 30% to calving ease.
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Similarly, Belgian Blue herds are currently selected for calving ease, and in particular some associations and companies,
such as the CRV, have created genetic indexes to estimate the percentage of problem births when a Belgian Blue sire is
mated with Holstein cows (CRV, 2022). According to a 2019 report from Wageningen University, genetic selection is pro-
jected to increase the rate of natural births to 50% in selected Red and White Belgian cows and 60% in selected Belgian
Blue cows by 2035 (EFSA Public call for evidence, 2024 — PC-0742 18 — Netherlands Food and Consumer Product Safety
Authority). Furthermore, following a public debate in the late 90ies, the Danish Blue White Belgian association (in the
meantime the breed has been renamed to Danish Blue) was able to reduce the reported rate of C-sections of more than
50% to slightly less than 10%. This was achieved by selecting sires known for less birth difficulties in their offspring and
adaption of the diets of in-calf animals to be leaner at parturition (Sandge et al., 2018).

The improvements in the ease of calving and calf survival through genetic selection have been documented in a recent
study by Bennett et al. (2021). In this study, heifers with higher breeding values for calving ease were compared with con-
trol heifers selected for average birth weights across seven populations (Angus, Charolais, Gelbvieh, Hereford and three
composite crossbreed populations). Heifers selected for calving ease belonging to these seven populations had lighter calf
weight at birth by 2.6 kg when compared to control heifers belonging to the same breeds, though calves' weights were not
significantly different from control heifers at weaning. These select line heifers exhibited significantly shorter hip height,
lighter mature weights and greater calving success by the second parity. Their calves were born earlier, with lighter weights
and required less assistance. Furthermore, the study found that select line heifers had fewer assisted calvings (7 percentage
points) and higher calf survival rates to weaning (1.3 percentage points) during their first parity, with negligible differences
compared to control lines in later parities. Over their herd life, select line cows weaned more calves, had fewer calving
assists and their calves exhibited greater weight gain to weaning. Although select line cows were lighter at maturity, their
marketable cow weight was nearly identical to control lines, indicating no significant unfavourable effects. The select
heifer system resulted in significantly greater weaned calf weight per heifer of about 55 kg (due to higher calf survival and
greater calving success by the second parity. The authors strengthened how these results support the positive outcomes
of genetic selection for calving ease in beef cattle, demonstrating improvements in both calving ease and overall produc-
tivity without detrimental effects on other performance traits (Bennett et al., 2021).

3.7.54 | Welfare consequences

Dystocia can significantly impact the health and welfare of both the suckler cow and calf, potentially endangering their
lives (Boakari & Ali, 2021). A C-section is a surgical intervention employed to mitigate the risks associated with dystocia.
However, it carries its own welfare implications on the suckler cow, especially when performed as an emergency procedure
(Newman & Anderson, 2004). As reported for the welfare consequences of poor maternal ability (Section 3.7.6.4), most
publications on the negative effects of difficult calving and poor maternal ability studied dairy breeds. However, given the
common physiological basis, it is reasonable to consider the welfare consequences identified in dairy cows and calves as
comparable to those in beef cattle breeds. The general decision whether to carry out dystocia and C-sections may lead to
differing WCs in relation to ‘handling stress’, ‘soft tissue lesions and integument damage’, ‘muscle disorders’, ‘pro-
longed hunger’, ‘prolonged thirst’ and ‘reproductive disorders’ for suckler cows and in relation to ‘gastro-enteric
disorders’ and ‘respiratory disorders’ for calves. No linked welfare consequences were identified in this context. The
definition of each WC is available in Section 2.3.

3.7.5.41 | Welfare consequences of dystocia and C-sections in suckler cows

Dystocia is recognised as one of the most painful conditions for cows, causing intense pain, potentially leading to suffering
(Barrier et al., 2012; Kielland et al., 2009). In addition to the pain during the active labour phase, the physical trauma to the
reproductive organs during a difficult birth, as well as the surgical intervention of a C-section, can lead to severe pain. Pain
in particular can occur during and after dystocia and when C-section is performed in emergency (EFFAB confirmed this
by email on 31 January 2024) (EFFAB, 2024). Emergency C-sections are at risk of being more painful than planned ones
due to the urgency of the situation, which can limit pain management and lead to greater tissue trauma and subsequent
pain. Cows can be already in labour, leading also to higher stress and pain. Based on surveys performed in 2021 on US
veterinaries, 76% of them declared to use analgesia (Non-Steroidal Anti-Inflammatory Drugs) when performing C-sections
(Robles et al., 2021). However, several publications suggest that analgesia should be administered approximately 10 min
before C-section, as cows that are not treated with analgesia show behavioural patterns indicating pain after surgery
(Kolkman et al., 2010 retrieved from EFSA Public call for evidence 2024 - PC-0742 18 - Compassion in World Farming Brussels
(CIWF EU); Barrier et al., 2014 retrieved from EFSA Public call for evidence 2024 - PC-0742 18 — Compassion in World Farming
Brussels (CIWF EU); Mauffré et al., 2021). The practice of routine C- sections is also associated with the use of antibiotics in
order to limit the risk of post-surgical infection leading to further health issues (De Coensel et al., 2020 retrieved from EFSA
Public call for evidence 2024 — PC-0742 18 — Compassion in World Farming Brussels (CIWF EU)).

In case of human intervention, the increased handling necessary for ensuring cows' and calves' survival during dystocia
and C-sections, can be a substantial source of stress for cows, causing ‘handling stress’ (Barrier et al., 2012). Dystocic calvings
and C-sections cause ‘soft tissue lesions and integument damage’ resulting in pain. Injuries to the pelvic region or limbs
during difficult calvings, as well as post-surgical pain, can significantly impair mobility in cows. The injuries and physical
exhaustion accompanying difficult calvings can cause ‘muscle disorders', interfering with the cow's ability to eat and drink
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normally, determining ‘prolonged hunger’ and ‘prolonged thirst". It is likely that such effects can be mitigated with post-
surgical pain management. Dystocia and emergency C-sections increase the risk of infections, including metritis and peritoni-
tis, and long-term reproductive disorders, potentially affecting future fertility and calving performance (Svensson et al., 2006;
Lyons et al., 2013 retrieved from EFSA Public call for evidence 2024 - PC-0742 18 - Compassion in World Farming Brussels (CIWF
EV)). Other reproductive issues that can result from C-sections include reduced fertility due to uterine adhesions affecting the
ovary or uterine tube, hindering uterine involution (Vermunt, 2008). Scar tissue formation within the uterine wall can increase
the risk of abortion in subsequent pregnancies by limiting uterine expansion and/or hindering fetal nutrition.

3.7.54.2 | Welfare consequences of Dystocia and C-sections on calves

Dystocia and C-sections also have profound welfare consequences for calves, influencing their immediate survival and
long-term health. Most of these welfare consequences have been discussed in Section 3.7.6.4 on welfare consequences of
poor maternal ability.

Calves born through distocya or C-sections can experience significant pain due to physical trauma during delivery and
the handling involved in surgical procedures. In the worst cases, distocya may also result in the death of the calf (Boakari
& Ali, 2021). Furthermore, long, difficult calvings and C-sections are predisposing factors for poor maternal ability (see
Section 3.7.6.4 on WCs of poor maternal ability) and lower quality colostrum (Tuska et al., 2021). Belgian blue cows un-
dergoing longer duration C-sections were found to produce colostrum in lower quantities and poorer in nutrients (Tuska
et al,, 2021). This could potentially impact calf survival rate and growth, predisposing the calves to greater risks of ‘gastro-
enteric disorders’ and ‘respiratory disorders’.

3.7.5.5 | Preventive and mitigating measures

Calving ease traits are currently a focus of genetic selection in breeds known for high muscle development. This has been
effective in reducing the incidence of dystocia in some populations (Bennett et al., 2021). However, there is a lack of recent
data on the trends of dystocia and C-sections in breeds with high incidences of dystocia, such as the Belgian Blue.

Given the association between dystocia and hypermuscularity in DM breeds, measures to mitigate WCs of hypermuscu-
larity (see Section 3.7.4.5) can also be relevant in reducing the need for C-sections.

Selection for appropriate pelvic dimensions could further accelerate the genetic progress for calving ease, and this trait
has been found to have moderate to high heritability estimates in beef cattle breeds (Kolkman et al., 2012 retrieved from
EFSA Public call for evidence 2024 - PC-0742 18 — Belbeef).

The accuracy of the estimation of genetic merit of sires and dams may be further improved with the application of sensors and
precision livestock farming tools to record calving duration and difficulty also in animals kept on pasture (Aquilani et al., 2022).

Another way to enable a faster improvement of calving ease would be to identify at DNA level the gene variants that
regulate the development of the maternal birth canal, and those that lead to lower birth weights in calves without im-
pairing their subsequent growth. However, there is little evidence on the extent that selection for lower birth weights
may affect the vitality of the calves. A genome-wide association study (GWAS) performed by Pausch et al. (2011) provided
evidence for two significant quantitative trait loci (QTLs) on bovine chromosomes 14 and 21 that collectively explain at
least 10% of the genetic variation in calving ease in the German Fleckvieh breed. These QTLs also influence stillbirth rates
and postnatal growth traits, such as daily gain and body size. The genomic region on chromosome 14 identified by Pausch
etal. (2011) corresponded with the results reported in other studies (Kneeland et al., 2004). In particular, Pausch et al. (2011)
identified an association peak for calving ease in a mutation on gene Ribosomal protein 520 (RPS20). This mutation is located
in a polyadenylation site, potentially altering mRNA stability and expression, leading to differences in fetal growth rates.
This QTL region on chromosome 14 has been reported in other studies for its association with the growth hormone and
insulin receptor signalling pathways (Mota et al., 2020). The other QTL on chromosome 21 also involved genes related to
ribosomal assembly, suggesting a possible common mechanism influencing fetal growth (Pausch et al., 2011).

The integration of genomic selection with the use of GWAS with traditional breeding approaches holds promise for miti-
gating dystocia in beef cattle (Purfield et al., 2015; Institut de I'élevage et al., 2024). The identification of genetic markers can
accelerate the selection process by providing a more precise estimation of the genetic merit of heifers and young bulls for
calving ease (Silva et al., 2020). This advancement would eliminate the necessity to wait for calving difficulty records from their
daughters or through subsequent parities, thereby enhancing the efficiency and effectiveness of breeding programmes.

3.75.6 | Conclusions on dystocia and C-section

1. Dystocia may have serious consequences on cow welfare (e.g. soft tissue lesions and integument damage, handling
stress, prolonged hunger) (certainty >90%) and calf welfare (e.g. increased mortality rate, gastro-enteric disorders,
respiratory disorders) (certainty >90%).

2. Planned C-section is a commonly used surgery to minimise the risks of dystocia and its effects on cows and calves. This
procedure is associated with negative welfare consequences for cows (certainty >90%).

3. It is likely that repeated C-sections lead to a higher risk of bleeding, infection and adhesions based on findings from
human studies (certainty >50%).
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4. Selection for calving ease, reduced calf size and weight, and reduced stillbirths is currently implemented in beef cattle.
Genetic improvement has been achieved by these selection strategies in most breeds (certainty >90%).

5. Including heifers' and dams' pelvic conformation in the selection traits leads to a faster genetic improvement (certainty
> 66%).

6. The identification of candidate genes and markers associated with calving ease and dam pelvis morphology allows for a
more accurate estimation of breeding values in beef cattle sires and dams.

3.75.7 | Recommendations on dystocia and C-section

1. To avoid the welfare consequences of dystocia and C-section, animals that carry the DM homozygous genotype
should not be breds.

2. Selection of beef cattle breeds for calving and birthing ease, and reduced stillbirths should be further promoted.

3. Inclusion of the heifers' and dams' pelvic conformation in the selection traits should be emphasised to achieve a faster
genetic improvement.

4. Itis recommended to improve estimation of breeding values in beef cattle sires and dams by identifying candidate genes
and markers associated with calving ease and dam pelvis morphology.

3.76 | Maternal ability
3.76.1 | Description of the trait

‘Maternal ability’ in beef cattle refers to the suite of multiple traits that influence a dam's capacity to successfully form a
cow-calf bond, including the nurturing and rearing of the offspring, directly impacting the welfare of both dam and calf.
The cow cares for her calf through social interactions, nurturing and sucking, calf-directed behaviours (e.g. licking and
sniffing, as well as other contact behaviours), and protection from danger or predation (Nevard et al., 2023). These be-
haviours and provisions depend on the cow's capacity and motivation to devote adequate time, energy, and resources to
protecting and rearing her offspring.

Maternal ability is currently composed of a set of traits that includes calving ease, maternal behaviours, milk production
and other traits indicating the reproductive efficiency of the dam. These traits can be assessed using indicators such as
calving ease score, calf birth weight, calf weaning weight, cow weight at weaning and survival rate of the calves born from
a dam (Mwansa et al., 2002). Some of the indicators are time-consuming to record (e.g. observing maternal behaviour to
score calving ease), making them difficult to implement for genetic selection. Some of the traits included in maternal abil-
ity can be assessed indirectly through other measures that are strongly correlated with the trait of interest. For example,
the selection schemes are currently using calving ease, birth weight and weaning weight to compose the traits ‘calving
ease’ and ‘birthing ease’. As described in the section ‘dystocia and caesarean section’, ‘Birthing ease’ evaluates how the
conformation of the calf at birth affects calving problems; in contrast, ‘calving ease’ assesses the conformation of the dam's
birth canal and the overall suitability for unproblematic calving. In fact, although calving ease is more closely related to
the incidence of calving assistance, dystocia and C-sections, the current selection for calving ease also has a direct effect
on the dams' maternal ability. The selection for calving ease can mitigate negative consequences for both the mother and

TABLE 12 List of the suite of multiple traits commonly included in the term ‘maternal ability’ and their indicators used in studies considering
beef cattle breeds.

Trait Description Indicator
Calving ease (see The ability of a dam to calve without assistance  Direct indicator: Calving ease score (from 1 or 0-no assistance
Section 3.7.5). from veterinarians or operators. needed and fast birth, to 4 or 5- C-section and abnormal

presentation of the calf) (Saad et al., 2020).
Indirect indicator: Calf birth weight (Saad et al., 2020), also used for
‘birthing ease’ trait (see Section 3.7.5).

Maternal behaviours The expression of maternal behaviours, Direct indicators: observational studies, proximity loggers (Kour
consisting of prepartum behaviours, etal., 2021; Sandelin et al., 2005).
placentophagia, cow-calf bonding Indirect indicators: calf survival rate, calf weaning weight.
behaviours, protective and udder display
behaviours.

Milking ability The ability of a cow to properly nurture the Direct indicators: Udder and teat morphology and functionality,
calf. colostrum quality and milk production (Cortés-Lacruz

et al., 2017; Paranhos da Costa et al., 2023).
Indirect indicators: calf weaning weight, calf survival rate (Cortés-
Lacruz et al., 2017).

Maternal reproductive The ability of a cow to keep good reproductive  Direct indicators: age at first calving, calving interval, dam weight at
efficiency efficiency without compromising her weaning (MacGregor & Casey, 1999).
health and longevity.
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calf, such as pain, lacerations, prolapses, haemorrhages and lack of maternal behaviours in cows (Bennett et al., 2021). For
instance, beef cattle breeds in Ireland selected for maternal ability resulted in the reduction of dystocia and calving interval
(Twomey et al., 2020). For a review of dystocia and C-section, see Section 3.7.5.

A list of the traits included in maternal ability and the relative indicators is reported in Table 12.

At present, maternal ability is mainly targeted through phenotypes that are only in part determined by the mother
(and thus related to maternal ability). For example, the weaning weight of the calves has two main genetic (in addition to
environmental) determinants: the genetics of the calf (e.g. the growth potential that largely depend on the sire) and the
maternal ability of the dam (e.g. how much the mother's care of the calf and milk production allow the calf to grow). Part
of the strategy for more efficient selection is to estimate the proportion of phenotypic variability that is determined by
maternal genetics (McHugh et al., 2014; Mwansa et al., 2002; Phocas & Laloé, 2004; Roughsedge et al., 2005).

Maternal ability is therefore a complex trait (Walmsley et al., 2016), determined by many /oci (Purfield et al., 2015) and
whose expression depends on environmental factors. Bovine maternal behaviour is indeed influenced by various factors
that are not genetic, including age, experience, parity and general management practices (reviewed in Nevard et al., 2023),
or a mix of both genetic and management factors (e.g. dam's and calf general body condition) (Stéhulova et al., 2013). For
example, calves born from primiparous dairy cows are at a significantly higher risk of mortality during the first 5 months of
age compared to calves born from multiparous dairy cows (Métus et al., 2018). Possible factors associated with this effect
in primiparous cows include lower milk production during the first lactation (Mummed, 2012), lower levels of maternal
antibodies in colostrum (Conneely et al., 2013) and less experience as a mother (Nevard et al., 2023). Lower levels of ma-
ternal antibodies in the colostrum of primiparous cows were reported by Conneely et al. (2013) in dairy cows, yet it can be
assumed that a similar association exists in beef cattle as well.

Despite the complexity of the trait, the genetic basis of maternal ability has been demonstrated in Gasconne cows
(Stéhulova et al., 2013), where maternal behaviour, from day 3 to day 30 post-natal was consistent across different parities.
However, variations were observed due to the body and health condition of both the mother and calf, as well as the sex of
the calf (Stéhulova et al., 2013). Nevertheless, it is considered that direct comparison between different studies is difficult
due to the different approaches to measure maternal ability.

The heritability estimates for different components of maternal ability vary widely. While traits like milk production and
calving ease typically exhibit moderate to high heritability (ranging from 0.30 to 0.60), estimates for maternal behaviour
are considerably lower in recent studies, around 0.10 (Michenet, Saintilan, et al., 2016). This lower heritability of maternal
behaviour and the problems involved in its measurement, represent challenges for its inclusion in the selection schemes.

3.76.2 | Animal categories

Maternal ability is a trait of suckler cows, but the WCs primarily affect calves and to a lesser extent the suckler cows
themselves.

3.76.3 | Current breeding practices

In most beef cattle breeds bred in the EU, selection for maternal ability is carried out by considering indices consisting of
several traits to which different weights are associated. However, most beef cattle selection schemes only indirectly select
for dams' maternal ability by genetically selecting for higher pre-weaning daily weight gain of calves (Lopes et al., 2017)
and calf weaning weight (Cortés-Lacruz et al., 2017; Dominguez-Castaiio et al., 2021). Some selection schemes are also
using calving ease score additionally to birth weight to compose the trait ‘calving ease’.

For example, according to EFFAB (European Forum of Farm Animal Breeders) (2024), in France various beef cattle breeds
(e.g. Aubrac, Salers, Bazadaise, Limousine, Charolaise, Rouge de Prés, Parthenaise, Gasconne des Pyrénées and Blonde
d'Aquitaine) are selected according to composite indices including calving ease, calf weight at weaning, calf muscular
development at weaning, calf bone development at weaning, calf bone density at weaning (EFSA Public call for evidence,
2024 — PC-0742 20 - EFFAB FABRE-TB). Sires and dams belonging to other European beef breeds, such as the Piedmontese
breed, are also selected for calving ease and calf growth (ANABORAPI, online b).

3.764 | Welfare consequences

At birth, the calf relies on the cow for survival, especially in free-range farming systems where human supervision and
intervention may be limited. Immediately after birth, it is crucial for the newborn to be cleaned from amniotic fluid and
fetal membranes by the cow, and be stimulated to stand up and start to suckle to ingest colostrum (reviewed in Nevard
et al,, 2023). Delaying calf colostrum ingestion for 6 h after birth can reduce the effectiveness of passive immunity transfer
from the dam to the calf (Godden, 2008; Svensson et al., 2006). Although direct studies linking low maternal ability with calf
dehydration and related WCs are lacking specifically in beef cattle (McGee & Earley, 2019), it can be assumed that delayed
orinadequate colostrum and milk intake can lead to the same significant welfare consequences as in dairy calves (McGee &
Earley, 2019). A meta-analysis of over 10 studies has identified passive immunity transfer failure as a significant risk factor for
mortality, bovine respiratory disease, diarrhoea, and overall morbidity in dairy and beef calves (Raboisson et al., 2016). Poor
maternal ability can lead to the welfare consequences ‘gastro-enteric disorders’, ‘respiratory disorders’, ‘metabolic
disorders’, ‘'umbelical disorders and hernias’, ‘prolonged hunger’, ‘prolonged thirst’, ‘predation stress’, ‘inability to
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perform sucking behaviour’, ‘separation stress’, ‘soft tissue lesions and integument damage’, ‘bone lesions (includ-
ing fractures and dislocations)’ and ‘cold stress’. No linked welfare consequences were identified in this context. The
definition of each WC is available in Section 2.3.

Most evidence on links between lower beef cattle maternal ability and increased welfare issues in their calves comes
from studies on dairy calves. However, studies on dairy calves can be informative, as the physiological basis is expected to
be similar (McGee & Earley, 2019).

3.76.41 | Gastro-enteric disorders and respiratory disorders

Although insufficient passive immunity through low antibody levels in colostrum has been linked to respiratory tract
disorders (Wittum & Perino, 1995) there is little evidence of a direct relationship between inadequate passive immunity
transfer and the risk of diarrhoea without comorbidity (Métus et al., 2018). However, dairy calves with diarrhoea are more
likely to develop respiratory disorders, suggesting the presence of common predisposing factors between respiratory and
gastro-enteric disorders such as inadequate passive immunity transfer (Svensson et al., 2006). Additionally, the importance
oftimely colostrum intake for the development of the gastro-intestinal tract in calves is well known, as reviewed by Ontsouka
et al. (2016). It is therefore highly likely that delayed colostrum intake or poor-quality colostrum intake predisposes calves
to dysbiosis and diarrhoea. A study on dairy calves found that inadequate immunity transfer increased the predicted risk
of morbidity by 30% compared to calves with excellent immunity transfer (Urie et al., 2018).

3.76.4.2 | Metabolic disorders

Along with gastro-enteric and respiratory disorders, metabolic disorders are listed by farmers as one of the primary causes
of mortality in dairy calves aged between 4 and 10 days (Métus et al., 2018). Delays in colostrum intake affect the metabolic
status of the calves (Rauprich et al., 2000), as colostrum composition changes greatly during the first hours, and as time
passes, udder secretion tends to become more and more similar to milk (McGrath et al., 2016). Dairy calves that are fed high-
quality colostrum, or colostrum secreted within the first day after calving, have been found to exhibit a body temperature
in the upper normal range (De Paula et al., 2019; Rauprich et al., 2000). Additionally, they have higher plasma concentrations
of proteins, urea, y-glutamyl transferase, triglycerides, cholesterol and phospholipids (Rauprich et al., 2000), all of which are
associated with a more active metabolism and a healthier calf.

3.7.64.3 | Umbilical disorders and hernias

Prompt intake of high-quality colostrum is crucial to reduce the risk of mortality and infections (Raboisson et al., 2016),
including navel infections (omphalitis) in calves during their first week of life. Untreated navel infections can lead to sepsis
and death. Omphalitis diagnoses in dairy breeds are more common in males than in females (Cuttance et al., 2017; Dachrodt
et al., 2021), especially during the summer months (Dachrodt et al., 2021) and often coincide with diarrhoea and respiratory
disorders (Dachrodt et al., 2021). Prolonged and painful calving is a known risk factor for poor maternal behaviour and
delayed cow-calf bonding (Barrier et al., 2012).

3.76.44 | Prolonged hunger and prolonged thirst

Delayed or inadequate colostrum and milk intake can cause nutrient deficiencies, dehydration and weakness. Dehydration
and malnutrition can, in some cases, lead to the death of calves, especially in farming conditions where animal inspection
is less frequent and animal handling opportunities are limited.

3.76.4.5 | Predation stress

Mismothering and abandoning calves are risk factors for calf mortality (Brown et al., 2003; Bunter et al., 2014), in particular
in harsh environments (hot or cold). When herds coexist in an environment with predators, temporary abandonment of
calves by the mothers can more easily occur as reported in a study with extensively managed Herd of Brahman heifers with
an increase of calves' deaths due to delayed colostrum intake (Brown et al., 2003). A temporary abandonment may increase
the risk of predation for calves born in extensively-managed herds.

3.76.4.6 | Inability to perform sucking behaviour

It is important to consider that during the first week of life, calves left with their mother will consume between 7 and 12 L
of milk per day, depending on their breed and weight at birth (Daros et al., 2014; Santo et al., 2020; Waiblinger et al., 2020)
and the milk yield of the mother cow. Delaying the calf's access to milk from the dam can result in frustration due to the

inability to express natural sucking behaviour as well as hunger and dehydration.

3.76.47 | Separation stress
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Abandonment by the mother or irregular maternal behaviours can cause separation stress in calves, as they strongly
depend on contact with the mother for survival. Gene expression measured in blood gathered from calves from birth to
7 days of age also suggests that separation from the mother and isolation can activate a molecular response in the genes
involved in inflammatory processes (Surlis et al., 2018).

3.76.4.8 | Softtissue lesions and integument damage and bone lesions (including fractures and dislocations)

Trauma or bone fractures can occur for various reasons (Gangl et al., 2006), such as distress or sudden movements in
cows trying to escape from human handling or kicking to avoid contact with the calf. Calves born from dams with poor
mothering ability may be more prone to soft tissue lesions and bruises. In addition, aggressive behaviours in dams may
lead also to bone fractures in such calves.

3.76.49 | Coldstress

After calving, the mother licks away the membranes and allows the calf to rest close to her. Depending on the weather
conditions, lack of motherhood might result in cold stress for the calf.

3.76.5 | Preventive and mitigating measures

Genetic selection and breeding schemes aimed at enhancing traits associated with maternal ability in beef cattle are ef-
fective tools to prevent or mitigate the WCs for calves that result from dams with poor or lacking maternal ability. Due to
the multifactorial and complex nature of the traits that define maternal ability in cows (Nevard et al., 2023), selecting for
improvements in all aspects of calving, lactation and behaviour before, during and after calving that foster calf health, sur-
vival and growth can be challenging. As with other traits that are already subject to selection in livestock, there are direct
and indirect strategies that can be employed to improve maternal ability. Direct strategies aim to improve the trait of inter-
est, such as the udder and teat conformation or the expression of maternal behaviours; indirect strategies aim to improve
traits that can influence the establishment of poor maternal behaviour, such as calving ease (see Section 3.7.5).

Udder and teat morphology directly influence calf sucking behaviour and milk production, ultimately influencing also calf
growth and survival (McGee & Earley, 2019; Wittum & Perino, 1995). These traits have been selected for improving milking
operations in dairy cows for many years, favoured by their moderate to high heritability values. Similarly, the morphology of
udders and teats in beef cattle breeds also has moderate heritability estimates, ranging from 0.14 to 0.49 (Bradford et al., 2015;
Bunter & Johnston, 2013; Devani et al., 2019). Moreover, it can be objectively measured (Devani et al., 2019). However, from the
information retrieved, at present schemes including this trait for the selection of beef cattle breeds were not found.

It has been suggested that selecting for behaviours associated with enhanced maternal ability could be beneficial, but
it has not been implemented. Maternal ability and its associated behaviours have a genetic component, albeit low (around
0.10) heritability (Michenet, Saintilan, et al., 2016). Additionally, objectively and efficiently measuring such behaviours is
challenging. Currently, these behaviours are typically measured through direct observation. However, this method is not
feasible for large-scale measurements required to improve this trait. Additionally, beef cattle breeds are often raised on
pasture and calving often occurs on pasture where it is challenging to be observed. However, a more feasible approach
may involve the use of precision livestock farming technologies, such as proximity loggers and other sensors (Handcock
et al,, 2009). These sensors can measure the frequency and duration of contacts between the mother and the calf, even in
free-ranging farming systems. This would make it possible to record traits associated with maternal behaviours on a large
number of dams and implement selection schemes also for these traits.

Selecting for traits linked to maternal ability could also lead to an increase in the expression of maternal defensive ag-
gression towards handlers and operators (Turner & Lawrence, 2007). Maternal defensive aggression is a heritable trait, with
partly low heritability. Values from 0.06 (Turner & Lawrence, 2007), 0.09 (Morris et al., 1994) and 0.42 in Simmental (Hoppe
et al., 2008 retrieved from EFSA Public call for evidence 2024 — PC-0742 21 — Landwirtschaftskammer Nordrhein-Westfalen)
have been reported. The variability in heritability is linked to the populations studied and the lack of consistency in evalua-
tion protocols. Environmental factors strongly influence the trait, as evidenced by the low repeatability of the trait among
subsequent parities for the same dams (ranging from 0.09 in Turner and Lawrence (2007) to 0.20 in Morris et al. (1994)).
Nevertheless, Turner and Lawrence (2007) postulate that its heritability is sufficiently high to justify the development of a
protocol for evaluating this behaviour and to include it in selection schemes. This would allow for the selection of animals
that maintain good maternal ability without exhibiting aggression towards humans.

Currently, most beef cattle selection schemes indirectly select for dams' maternal ability by genetically selecting for
higher calf weaning weight (Cortés-Lacruz et al., 2017; Dominguez-Castafo et al., 2021) and pre-weaning daily weight gain
(Lopes et al., 2017). Calves that reach a higher live weight at weaning are assumed to have been raised by mothers with bet-
ter maternal ability. However, selection for weaning weight without considering the maternal and calf genetic components
may have unintended consequences. Direct weaning weight mainly represents the genetic merit of the calf to achieve
a good weaning weight, while the maternal component of weaning weight represents the genetic merit of the dam to
facilitate the calf in achieving a good weaning weight, and it reflects also cow's milk yield (McHugh et al., 2014). Therefore,
selecting for weaning weight without considering the maternal components of this trait may slow the improvement in
cows' maternal ability. Cortés-Lacruz et al. (2017) pointed at unintended consequences when only using weaning weight
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for selection for maternal ability and suggested to also include milk yield measured by milking at 150 days after parturition
in a combined breeding index.

It should also be considered that negative genetic correlations between some of the traits of interest and production
related traits exist. The results reported by Twomey et al. (2020) and by Berry et al. (2016) indicated that the selection of sires
and dams for productive performances would decrease the reproductive efficiency and maternal traits (Berry et al., 2016;
Twomey et al., 2020). This effect is caused by the adverse associations between many of the female-specific traits and the
productive traits included in breeding indices (Twomey et al., 2020). However, genomic selection is seen as a solution that
could avoid the negative effects of genetic correlations existing among traits. Similarly to what happened in dairy cattle
(Weller et al., 2017), so far there has been a growing trend of studies aimed at identifying genes and mutations associated
with maternal ability at the DNA level in order to implement genomic selection schemes in beef cattle breeds. The ulti-
mate goal of these studies is to identify a panel of molecular markers that can be used to select animals with the most
favourable combinations of variants for maternal ability. Once DNA variants associated with maternal ability traits have
been identified, breeders can select animals with favourable genetic markers to propagate traits related to calving ease,
maternal behaviours and milk production. This approach accelerates genetic progress in maternal ability, ensuring that fu-
ture generations of beef cattle exhibit improved maternal traits without compromising other economically relevant traits.

One of the genomic regions identified so far from GWASs is a region on bovine chromosome 22 (BTA22), which con-
tains genes associated with milk production and resistance to mastitis (Carvalho et al., 2020; Grigoletto et al., 2019). Other
candidate genes associated with composition and production of milk, and ability to produce heavier calves were also
found on bovine chromosomes 6, 14, 16, 21 and 26 (Carvalho et al., 2020; Michenet, Barbat, et al., 2016; Michenet, Saintilan,
et al,, 2016). These regions include genes encoding proteins that directly affect milk synthesis (such as the SLC44A5 and
GBA3 genes) or that may have an effect on fetal growth (the SLC13A4 gene, which expresses a protein that acts as sulfate
carrier to the fetus during pregnancy) (Carvalho et al., 2020; Grigoletto et al., 2019). These regions harbour also genes that
classified to be involved in chemical stimulus detection. Genes included in this group are many olfactory receptor genes
(Carvalho et al,, 2020; Michenet, Barbat, et al., 2016; Michenet, Saintilan, et al., 2016). These genes may be of particular inter-
est because variations in their DNA sequence could affect the perception of odours. This is important because odours play
a crucial role in cow-calf bonding and calf recognition, and therefore variation in odour perception may also affect cow-calf
bonding (Griffith & Williams, 1996). Additionally, other genes associated with beef cattle maternal ability were identified as
genes coding for cholinergic receptors (Carvalho et al., 2020). These genes respond to chemical or mechanical signals, en-
abling the transmembrane transfer of a cation through a channel that opens upon binding acetylcholine. Acetylcholine is
a neurotransmitter that is activated in many situations, but it also plays a crucial role in establishing behaviours associated
with maternal care in ruminants. In ewes, there is an increase in the release of acetylcholine and norepinephrine within the
olfactory bulb at the time of parturition which appears to be more pronounced in multiparous mothers (Lévy et al., 1993).

The genetic schemes have allowed for an overall improvement of maternal ability and calf growth potential at weaning
(Carvalho et al., 2020). Although the identification of genomic regions to be implemented in selection schemes is less de-
veloped in beef cattle breeds than in dairy cattle breeds, promising results have been obtained to date in GWASs. These
results hold promise for the future implementation of genomic selection for maternal ability traits in beef cattle while
overcoming current limitations of measurement of certain behavioural traits related to maternal ability.

3.76.6 | Conclusions on maternal ability

1. Maternal ability is a multifaceted trait that includes temperament (see Section 3.7.3), calving ease (see Section 3.7.5),
maternal behaviours, milking ability and maternal reproductive efficiency.

2. Breeding for maternal ability mitigates the welfare consequences of poor maternal care or inadequate milk production
(certainty >90%).

3. Selection for maternal ability can lead to inadvertently selecting for increased maternal aggressive temperament, a trait
with potentially negative implications for handler and calf safety (certainty >50%).

4. Maternal ability includes several traits with a highly variable heritability, making selection challenging in case of low herit-
ability. In addition, large-scale phenotypic assessment is poorly feasible, especially for behavioural measures.

5. Udder and teat morphology are associated with calf survival and growth rates. Even though these are moderately herit-
able traits, they have not been included in beef cattle selection schemes yet.

3.76.7 | Recommendations on maternal ability

1. Traits associated with maternal ability in beef cattle should be enhanced by selection schemes, using direct and
indirect strategies. Direct strategies aim to improve the trait of interest, such as the udder and teat conformation
or the expression of maternal behaviours. Indirect strategies aim to improve traits, such as calving ease, that can
influence normal maternal ability and cow-calf bond.

2. The use of Precision Livestock Farming technologies to record traits associated with maternal behaviours should be con-
sidered in order to improve the implementation of these traits in the selection schemes.

3. A harmonised protocol for evaluating maternal defensive behaviour should be developed.

4. Identification of molecular markers that can be used in genomic selection to improve maternal ability traits in beef cattle
is recommended.
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3.8 | Decision-making criteria for the euthanasia of cull cows kept for the production of beef

This chapter addresses a request received to identify decision-making criteria relevant for the euthanasia of cull cows kept
for the production of beef. Thus, key decision criteria involved in culling decisions were delineated, without conducting a
comprehensive risk assessment of the animal welfare implications associated with each step (for further information on the
interpretation of this request, see Section 1.1.3 - Interpretation of the Terms of Reference).

In this opinion the term ‘euthanasia’ is not further used because an unanimous definition of euthanasia is lacking.
The word ‘euthanasia’ originates from the Greek terms ‘eu’ (meaning ‘good’ or ‘well’) and ‘thanatos’ (meaning ‘death’)
(AVMA, 2020). The American Veterinary Medical Association (AVMA) does not directly define euthanasia but states that
‘the term is usually used to describe ending the life of an individual animal in a way that minimises or eliminates pain and
distress. A good death is tantamount to the humane termination of an animal's life’ (AVMA, 2020). According to the WOAH,
euthanasia is ‘the act of inducing death using a method that causes a rapid and irreversible loss of consciousness and death
with minimum pain and distress to the animal’ (WOAH, 2018). Other authors emphasise that euthanasia refer to ending
suffering (Rollin, 2006). In this opinion the more general term ‘killing’ will be used. This is in line with the approach taken
in previous EFSA scientific opinions (EFSA AHAW Panel, 2020, 2025). Killing also includes ‘slaughter’ which refers to killing
for human consumption which can be carried out in the abattoir or on-farm. It also includes ‘emergency killing’ which
is requlated by ‘Council Regulation (EC) No 1099/2009 of 24 September 2009 on the protection of animals at the time of
killing’ and refers to the ‘killing of animals which are injured or have a disease associated with severe pain or suffering and
where there is no other practical possibility to alleviate this pain or suffering’. In these instances, killing should be done as
soon as possible.

It is important to emphasise that this phase of life of cows — after they are removed from the productive herd - is as-
sociated with particular and important welfare risks related to factors such as pre-existing health and welfare issues, WCs
of transport (EFSA AHAW Panel, 2022b), WCs of keeping a cow for fattening, Wcs of emergency killing, or delays between
decision making and taking actions. The extent of these risks for welfare is often largely unknown and this constitutes an
important knowledge gap requiring further research. Resources related to these aspects known to the EFSA experts are
listed here, but an appraisal of the extent to which they are based on scientific evidence was not carried out.

3.8.1 | Culling reasons

In this Scientific Opinion the term ‘cull cow’ refers to dairy and suckler cows which are no longer considered fit for their
primary production purpose (milk, calves). As a consequence, these animals may be sent to slaughter, kept for fattening
or killed. Although it is acknowledged that in some instances cows may be culled for involuntary reasons (as discussed in
more detail below), only cows intentionally removed from the productive herd were considered in the context of this as-
sessment. Culling reasons vary and more than one can be present at the same time. The reasons for culling dairy or suckler
cows can be referred to as voluntary or involuntary (Cockram, 2021; Fetrow et al., 2006 ; Hadley et al., 2006). Voluntary
culling reasons are due to economic and managerial decisions, and include low milk production, cow aggression and ad-
vanced age; involuntary culling reasons are due to unplanned events related to the health status of the cow, and include
injury and health issues such as lameness, mastitis and other udder problems (Cockram, 2021; Fetrow et al., 2006; Hadley
et al., 2006). In the scientific literature, infertility can be considered both as a voluntary (Cockram, 2021) and as an involun-
tary reason to cull (Fetrow et al., 2006; Hadley et al., 2006). However, this distinction between voluntary and involuntary
culling does not always occur. The main culling reasons reported voluntary by farmers to the Danish Cattle Database for
cows transported to slaughter, containing data about Danish dairy cows culled in 2020 and 2021, were reduced milk pro-
duction (29%), reproductive issues (25%) and udder health (16%), while mentioned reasons for on-farm euthanasia were
accidents (29%), locomotor disorders (18%) and metabolic/digestive disorders (17%) (Thomsen & Houe, 2023). Infertility
and reproductive problems were also the most prevalent (40%) culling reasons in 2015 mentioned in a dataset from the
Polish Federation of Cattle Breeders and Dairy Farmers (Adamczyk et al., 2018). According to data collected from Spanish
dairy farms between 2006 and 2016, reproductive problems were the most frequent cause of culling (30%), followed by low
production (23%) (Armengol & Fraile, 2018). No specific data on culling reasons of suckler cows were found; however these
are probably similar to those for dairy cows, except that mastitis and lameness tend to be more common in dairy cows as
reasons to cull (EFSA, 2025).

Following the decision to remove the cow from the productive herd, the farmer may opt to sell the cull cows imme-
diately to a slaughterhouse or to auction markets (given the cow's fitness for transport (Cockram, 2021)), or they can opt
for drying off or reducing milking frequency and fattening the cows (Teagasc, 2022). Feeding cows for 60 days and drying
them off following the decision to remove them from the productive herd, improved BCS, hock lesions and udder prob-
lems, and increased body weight, making the cows better fit for transport compared to cull cows sent directly to slaughter
(Berdusco et al., 2024).

Transport of cull cows to slaughterhouses or markets can lead to various welfare consequences. Weak animals are at risk
of falling and may struggle to regain footing, while those in poor body condition are more susceptible to fasting and cold
exposure (EFSA AHAW Panel, 2022b). Transport up to 8 h worsened the conditions of cull cows in 411 cull cows transported
to a slaughterhouse by truck in Denmark. The cows showed more or worse lameness, milk leakage and wounds than before
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being transported (Dahl-Pedersen et al., 2018). If these animals are not fit for transport and are without the prospect of
recovery in a reasonable period of time, they should be killed on-farm as soon as possible (EFSA AHAW Panel, 2022b).

3.8.2 | Decision tree for cull cows used for the production of beef

The EFSA experts created a decision tree reflecting the relevant decision-making steps to consider in this context (Figure 9).
The decision tree consists of five key questions that can guide the decision around the most appropriate course of action for
each animal (indicated by red arrows in the decision trees of the examples provided below). The assumptions of the decision
tree are that the cow must leave the productive herd and that the cow will be used for beef if possible, i.e. she will not be used
for another purpose than beef on the home farm or a different farm, such as a nurse cow for dairy calves.

Is the cow fit for human consumption?

NO YES
Killing on-farm Is the cow fit for transport?
NO YES
Does the cow need treatment to alleviate Would the cow benefit from
pain or other welfare impairments? treatment to improve welfare?
NO YES NO YES
Options: Is it likely that the cow is
- fatten on-farm before transport and slaughter; successfully treated?
- slaughter on-farm;
L NO YES
- killing on-farm
9 YES, but it is
decided not
YES, but it Treat to treat Treat
is decided
not to treat
s Options:
Options: ) Wait for the - slaughter in abattoir; Wait for the
- slaughter on-farm; withdrawal - slaughter on-farm; withdrawal
- killing on-farm period - killing on-farm period

Options:

- fatten on-farm;

- transport to another farm for fattening if fit for transport
- slaughter in abattoir if fit for transport;

- slaughter on-farm;

- killing on-farm

FIGURE 9 Decision tree on cull cows to be kept for fattening.

Firstly, whether or not the cow is fit for human consumption guides the options available. One of the most common
reasons for cows not being fit for human consumption is drug withdrawal periods. If this is the case, it may only be neces-
sary to wait for this period to conclude before the animal is considered fit for human consumption. For those cows that are
not fit for human consumption for other reasons (e.g. generalised infections with poor recovery prospect), often the only
option available is killing on farm. For cows fit for human consumption, the second question of fitness for transport should
be evaluated. For the evaluation of fitness for transport, resources include a compilation of conditions that can make cattle
unfit for transport (Table 16 of EFSA, 2022b) and a document listing possible injuries, physiological and pathological signs
and related ABMs making an animal not fit for transport from the EU designated Reference Centre for Animal Welfare -
Ruminants & Equines guidelines (EURCAW, 2024b). However, an agreed definition of fitness for transport and clearly de-
fined ABM thresholds are currently lacking.

3.8.21 | Cows not fit for transport

Cows that cannot be transported must stay on the farm. If these cows do not need treatment to alleviate pain or other
welfare impairments, for example having given birth in the previous week, they can be slaughtered or killed on the farm or
fattened on the farm for subsequent slaughter (with or without transport).

For the evaluation of pain in cattle, resources include the Care4Dairy classification of levels of pain, a ‘cow pain scale’
by Gleerup et al. (2015) or a ‘scale of facial expression of pain in Nellore and crossbred beef cattle’ (Miller et al., 2019). If
treatment of a cow not fit for transport is needed, then an estimation of the likelihood of success should be made. If suc-
cessful treatment is likely (including consideration of feasibility), it should be undertaken and, once any withdrawal period
is observed, five options become available: to (1) fatten on farm, (2) transport to another farm for fattening, (3) slaughter in
abattoir (if the cow becomes fit for transport following treatment), (4) slaughter on farm or (5) kill on farm. If treatment is
unlikely to be successful, the cow should be either slaughtered on farm or killed. In these cases, the cow should be killed as
soon as possible to minimise the risk of welfare impairments. In the EU it is possible to transport the carcass to the slaugh-
terhouse following emergency slaughter due to accidents that prevented the transport to the slaughterhouse in otherwise
healthy animals (CR 853/2004) (Skuladéttir et al., 2022).
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3.8.2.2 | Cowsfitfortransport

Cows fit for transport are unlikely to need treatment, though in some cases a cow would still benefit from treatment to
improve her wellbeing before transport (e.g. minor form of diarrhoea). If the animal would not benefit from treatment
(e.g. the animal has no indication of impaired welfare), she can be transported or stay on farm to be fattened, slaughtered
or killed on the farm. If the animal would benefit from treatment, the farmer may still decide not to treat and to send her
for slaughter in an abattoir, and in this case, this should be done with no delay. Alternatively, the farmer may decide to
immediately end the animal's life on the farm (slaughter on farm or killing). However, if treatment is undertaken and any
appropriate drug withdrawal period is observed, then the farmer has the option to either fatten the cow on farm or move
her to another farm for fattening before sending her for slaughter after the withdrawal interval has ended.

Existing guidance on fitness for transport include the text part of the ‘Council Regulation (EC) No 1/2005 of 22 December
2004 on the protection of animals during transport and related operations and amending Directives 64/432/EEC and
93/119/EC and Regulation (EC) No 1255/97' and the lists of criteria published in the EFSA Scientific Opinion on welfare of
cattle during transport (EFSA AHAW Panel, 2022b) and EURCAW (20244a, 2024b). However, a broader consensus on relevant
conditions with clearly defined ABM thresholds is needed.

Some case examples to illustrate the use of the decision tree are here discussed. These examples were selected to rep-
resent situations of cows leaving the productive herd for different reasons.

3.8.2.21 | Cowwitha broken leg

A broken leg qualifies for emergency killing. Here, the cow is fit for human consumption but not fit for transport. She
is in severe pain, not able to move and there is a low likelihood that treatment will be successful or considered feasible,
therefore the options available to alleviate her condition are to immediately slaughter (and subsequently transport the
carcass to an abattoir) or otherwise kill her on farm as soon as possible (Figure 10).

Cow with a broken leg

Is the cow fit for human consumption?
NO N(‘ES

Killing on-farm Is the cow fit for transport?
y YES

Does the cow need treatment to alleviate Would the cow benefit from
pain or other welfare impairments? treatment to improve welfare?
NO YES NO YES
Options: Is it likely that the cow is
- fatten on farm before transport and slaughter; successfully treated?

- (emergency) slaughter on-farm;

. YES
killing on-farm YES, but it is
decided not
YES, but it Treat to treat Treat
is decided
not to treat -
Ontions: ) Options: ) ) ]
ptions: Wait for the - slaughter in abattoir; Wait for the
- (emergency) slaughter on-farm; withdrawal - slaughter on-farm; withdrawal
- killing on-farm period - killing on-farm period
Options:

- fatten on-farm;

- transport to another farm for fattening if fit for transport
- slaughter in abattoir if fit for transport;

- slaughter on-farm;

- killing on-farm

FIGURE 10 Decision tree on cull cows. Example of a cow with a broken leg.
3.8.2.2.2 | Old, mildly lame (score 2 out of 5) suckler cull cow

Figure 11 describes the path through the decision tree in the case of an old suckler cow who is mildly lame (score 2/5 Thomsen
et al,, 2008) that the farmer decided to cull. The cow is fit for human consumption and fit for transport (see EURCAW guide on
fitness for transport of ruminants which states cows with lameness 3+/5 are not fit for transport, 2024b). However, the cow
would likely benefit from treatment, and if that has been successful, the farmer will have all options mentioned above. If the
farmer chooses not to treat the cow, then there are the options to transport to slaughter, slaughter on farm or kill on farm.
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Old, mildly lame (2/5) suckler cow that the farmer does not want to breed from again

Is the cow fit for human consumption?
NO \ YES

Killing on-farm Is the cow fit for transport?

NO YES
Does the cow need treatment to alleviate Would the cow benefit from
pain or other welfare impairments? treatment to improve welfare?
NO YES NO
Options: Is it likely that the cow is
- fatten on farm before transport and slaughter; successfully treated?
- slaughter on-farm;
- NO YES
- kill -f
fling on-tarm YES, but it is
decided not
YES, but it Treat to treat Treat
is decided
not to treat
— Options:
Options: ) Wait for the - slaughter in abattoir; Wait for the
- slaughter on-farm; withdrawal - slaughter on-farm; withdrawal
- killing on-farm period - killing on-farm period

Options:

- fatten on-farm;

- transport to another farm for fattening if fit for transport
- slaughter in abattoir if fit for transport;

- slaughter on-farm;

- killing on-farm

FIGURE 11 Decision tree on cull cows. Example of old, mildly lame (score 2 out of 5) suckler cow that the farmer does not want to breed again.

3.8.2.2.3 | Dairy cow with recurrent somatic cell count (SCC) ~200,000 despite treatments

Figure 12 describes the path through the decision tree in the case of a dairy cow with recurrent SCC of around 200,000
despite treatments. The cow is fit for human consumption and transport (no indication of painful condition), the likelihood
of treatment is considered to be low, so the farmer has the option to (1) fatten on farm, (2) transport to another farm for
fattening, (3) slaughter in abattoir, (4) slaughter on farm or (5) kill on farm (EURCAW, 2024b).

Dairy cow with recurrent SCC ~200,000 despite treatments

Is the cow fit for human consumption?
NO \ YES

Killing on-farm Is the cow fit for transport?

NO YES
Does the cow need treatment to alleviate Would the cow benefit from
pain or other welfare impairments? treatment to improve welfare?
NO YES NO YES
Options: Is it likely that the cow is
- fatten on farm before transport and slaughter; successfully treated?
- slaughter on-farm;
. NO YES
- kill -
fing on-arm YES, but it is
decided not
YES, but it Treat to treat Treat
is decided
not to treat
— Options:
Options: ] Wait for the - slaughter in abattoir; Wait for the
B s!ayghter on-farm; withdrawal - slaughter on-farm; withdrawal
- killing on-farm period - killing on-farm period

Options:

- fatten on-farm;

- transport to another farm for fattening if fit for transport
- slaughter in abattoir if fit for transport;

- slaughter on-farm;

- killing on-farm

FIGURE 12 Decision tree on cull cows. Example of a dairy cow with recurrent SCC ~200,000 despite treatments.
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3.8.2.24 | Cow thatis clinically well but has a positive faecal test for Johne's disease (Stage 2) and removal from the herd is
advised by a veterinarian

Figure 13 describes the path through the decision tree of a cow that has tested positive for Johne's disease through a faecal
test but has no detectable clinical signs, and removal from the herd is advised by a veterinarian. In this case, the cow is fit
for human consumption and transport, would not benefit from treatment and should not go to another farm. Therefore
the cow can be transported to an abattoir for slaughter, slaughtered on-farm or killed.

Cow that is clinically well but has a positive faecal test for Johne's (Stage 2) and removal from the
herd is advised by a veterinarian

Is the cow fit for human consumption?

NO YES
Killing on-farm Is the cow fit for transport?
NO YES
Does the cow need treatment to alleviate Would the cow benefit from
pain or other welfare impairments? treatment to improve welfare?
NO YES NO YES
Options: Is it likely that the cow is
- fatten on farm before transport and slaughter; successfully treated?
- slaughter on-farm;
L NO YES
- killing on-farm
9 YES, but it is
decided not
YES, but it Treat to treat Treat
is decided
not to treat
s Options:
Options: ] Wait for the - slaughter in abattoir; Wait for the
- slaughter on-farm; withdrawal - slaughter on-farm; withdrawal
- killing on-farm period - killing on-farm period
Options:

- slaughter in abattoir if fit for transport;
- slaughter on-farm;
- killing on-farm

FIGURE 13 Decision tree on cull cows. Example of a cow that is clinically well but has a positive faecal test for Johne's (Stage 2) and removal from
the herd is advised by a veterinarian.

3.8.2.2.5 | Lame cow (score 4/5) that has not responded to treatment

Figure 14 describes the path through the decision tree for a cow that is lame (score 4/5 Thomsen et al., 2008) and that has
not responded to treatment. Her level of lameness is described as ‘The cow is obviously lame on 1 or more legs. An observer
will in most cases be able to identify the affected leg. In most cases, the back is typically arched both when standing and
walking, and head bobbing is generally evident during locomotion’ (Thomsen et al., 2008). Although fit for consumption,
she is not fit for transport. However, her welfare is severely impaired and she cannot be treated successfully, therefore the
only options are on-farm slaughter or killing. However, rules in place in each MS on the conditions for emergency slaughter
(i.e. acceptance of emergency slaughtered carcasses in the abattoirs) influence the decision making and the extent to
which emergency slaughtered is implemented (Skuladéttir et al., 2022).
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Lame cow (score 4/5) that has not responded to treatment

Is the cow fit for human consumption?

NO \Y‘ES
Killing on-farm Is the cow fit for transport?

Does the cow need treatment to alleviate Would the cow benefit from
pain or other welfare impairments? treatment to improve welfare?
NO YES NO YES
Options: Is it likely that the cow is
- fatten on farm before transport and slaughter; successfully treated?
- (emergency) slaughter on-farm;
- killing on-farm YES o
YES, but it is
decided not
YES, but it Treat to treat Treat
is decided
not to treat
- Options:
Options: Wait for the - slaughter in abattoir; Wait for the
- (emergency) slaughter on-farm; withdrawal - slaughter on-farm; withdrawal
- killing on-farm period - killing on-farm period
Options:

- slaughter on-farm;
- killing on-farm

FIGURE 14 Decision tree on cull cows. Example of a lame cow (score 4 out of 5) that has not responded to treatment.

3.8.3 | Conclusions on decision-making criteria for euthanasia of cull cows kept for beef

1. The most common reasons for culling are involuntary, such as fertility issues, udder health problems and lameness.

2. The decision for the course of action to take for a cull cow depends on whether she is fit for human consumption, whether
she is fit for transport, the likelihood of successful treatment, the level of welfare impairment of the cow and conditions
for emergency slaughter.

3. Lists of criteria for decisions for fitness for transport are available, however, cases of doubt can occur and would benefit
from a broader consensus on relevant conditions with clearly defined ABM thresholds.

4. There are knowledge gaps regarding how cows with different health issues respond to transport, their welfare state dur-
ing the withdrawal period if the cow did not fully recover from the health issue she was treated for, their welfare state
during the fattening period or welfare implications of delays between decisions and actions.

3.84 | Recommendations on decision-making criteria for euthanasia of cull cows kept for beef

1. The level of welfare impairment of all cows leaving the productive herd should be assessed to inform decisions
about whether they should be kept for fattening or not. It is recommended to use the decision tree presented
in this document to aid decisions.

2. Research is needed to establish criteria for the different steps of the decision tree including the development of broadly
agreed ABM thresholds for fitness for transport, likelihood of successful treatment, welfare state during withdrawal pe-
riod or further development of broadly agreed pain scales.

3. Where necessary, professional advice (e.g. from a veterinarian) should be sought on the level of welfare impairment, likeli-
hood of successful treatment, fitness for human consumption and fitness for transport.

4. Itis recommended to carry out studies to clarify for which conditions there will be no worsening of the welfare state dur-
ing transport, on their welfare state during the withdrawal period if the cow did not fully recover from the health issue
she was treated for, on their welfare state during the fattening period, and on welfare implications of delays between
decisions and actions.

3.9 | The assessment of animal-based measures collected in slaughterhouses to monitor the
level of welfare on farm for fattening cattle

39.1 | Results of the semi-quantitative consensus exercise

Out of the 25 identified ABMs for fattening cattle, 16 passed the first screening procedure and were considered in the se-
lection step (see Figure 15). Three ABMs (‘hernia’, ‘rectal prolapse’ and ‘carcass aspect’) were directly excluded by the EFSA
experts from the initial list because they were either considered rare in fattening beef cattle (i.e. rectal prolapse) or more
relevant for calves (i.e. umbilical hernia).
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Total list of ABMs produced by
EFSA’s experts for the
Networks meeting exercise
BEEF CATTLE: 25
(11 AM, 14 PM)
SCREENING of AMBs
on 4 criteria by Expert
opinion
A set of ABMs screened for
further analysis and
selection
BEEF CATTLE: 16
(3 AM + 1 ABM added, 10 PM +
1 ABM added)
SELECTION of ABMs on
the bases of Network
results and LS on 4
criteria
A set of indicators which
best reflect the AW
situation in the farm
BEEF CATTLE: 7
v Al
Reasoning on best
indicators
FIGURE 15 Flowchart of the process leading to the selection of the ABMs that were considered to best reflect the AW in the farm. AM, ABMs

measured ante-mortem; LS, literature search; PM, ABMs measured post-mortem.

The outcome of the selection of ABMs is presented in Table 13, where the specific scores for the four criteria are reported

for 16 ABMs.

The EFSA experts agreed to select ‘body condition’ (assessed ante-mortem, AM) and ‘carcass fatness' (assessed post-

mortem, PM), ‘skin lesions — wounds and bursitis’ (AM), ‘skin lesions — bruises’ (PM), ‘lung lesions — pneumonia and pleuritis’
(PM), ‘carcass condemnations’ (PM) and ‘body cleanliness’ (AM), as the most useful ABMs collected at slaughter to measure
welfare of fattening beef cattle on farm (green rows). Body condition and carcass fatness are described in the same section
(Section 3.9.2.2) because they are linked to similar WCs, and likely correlated (Minchin et al., 2009).

Table 13 presents the outcome of the assessment described in Section 2.2.5 regarding the selection of ABMs.

TABLE 13 Ranking of ABMs of beef cattle on the basis of four criteria (C1, C2, C3, C4) (see Section 2.2.5). The score goes from 0 to 4, with 0
indicating the lowest score and 4 the highest. The ABMs that were selected are highlighted in grey.

ABM

Body condition

Carcass fatness®

Skin lesions — wounds/injuries
Skin lesions - bruises

Lung lesions - pneumonia/pleuritisd
Skin lesions — bursitis

Carcass condemnations

Body cleanliness

Liver disorders

Pericarditis

Skin lesions — abscesses
Bursitis (swollen joints)
Abomasal lesions

Rumen lesions

Mastitis

Tail injuries®

Cc2. C3. Already
C1. Welfare Technology  measured at
Assessment®  consequences readiness slaughter
AM 2 3 2
PM 2 3 2
AM 2 1 2
PM 2 1 2
PM 1 2 2
AM 1 1 3
PM 2 0 2
AM 1 1 2
PM 1 2 2
PM 1 2 2
PM 1 1 2
PM 1 1 1
PM 1 0 1
PM 1 0 1
PM 1 0 0
PM 1 0 0

C4. Importance
rated by the
network

w W NN R DWW WW NN

—_

Na

Weighted

score"

2.28
2.28
1.89
1.89
1.87
1.84
1.78
1.76
1.7

17

1.59
1.34
0.72
0.72
0.64
0.3

?AM,ABMs measured ante-mortem; PM, ABMs measured post-mortem.

bThe final weight was calculated considering the following criterion weights: C1=3,C2=2.8,C3=2.5,C4=1.7.
“These ABMs have been added to the initial list during group discussion in step (i), the screening.

YThis ABM (lung lesions- pneumonia and pleuritis) is a combination of two ABMs listed in EFSA (2023).
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In the following sections each selected ABM is described with its definition (as reported in EFSA, 2023), interpretation,
current use, considerations for use as standard method and possibilities for automation.

39.2 | Selected ABMs

Official controls according to Regulation (EU) 2017/625 and Commission Implementing Regulation (EU) 2019/627 address
the compliance with the rules in the areas of food and food safety as well as, where appropriate, animal health and animal
welfare. In the case of slaughterhouses, this requires ante-mortem and post-mortem inspections, the latter including inci-
sion and palpation, when there are indications of a possible risk to human health, animal health or animal welfare.

While some ABM:s, like carcass condemnation rates or obvious lung lesions, are already used for food safety purposes
in EU slaughterhouses, routine implementation for welfare monitoring remains low. Even if data on certain ABMs are rou-
tinely collected (e.g. condemnation rates and reasons), their accessibility is largely unclear.

The ABMs selected reflect mostly health-related welfare consequences and inform less about the inability to perform
species-specific behaviour. No ABMs indicative of inability to perform exploratory or foraging behaviour, or restriction of
movement were identified. The selected ABMs are only assessed in the animals actually arriving at the slaughterhouses
and thus do not include animals that were unfit from transport that presented major welfare impairments nor animals that
died on farm.

39.21 | Body cleanliness
39.21.1 | Description of the ABM

Definition: Presence of organic matter (manure/faeces etc) on the body. Two types of dirt can be distinguished in splashing
(i.e. the skin being covered with liquid and fresh dirtiness) and plaques (three-dimensional layers of dirtiness).

Interpretation: Cleanliness is an ABM often used in cattle, especially to assess criteria linked to the housing such as
comfort around resting.

Animals primarily become soiled by faeces, mud, dust and vegetable matter, due to the animal's own defecation or
animal-to-animal and environment-to-animal contamination. Animal cleanliness on farm is therefore affected by a range
of factors in the following areas: (i) physical and environmental conditions like type of housing, air humidity, type and
quantity of bedding, or season; (i) management, e.g. frequency of supplying new bedding, frequency of floor cleaning; (iii)
Feeding; and (iv) health conditions, especially related to the presence of diarrhoea. Poor body cleanliness may be associ-
ated with several welfare consequences, including health, comfort and behavioural issues. The presence of mud or faeces
on the skin may be irritant and may lead to dermatitis. Cleanliness of the housing has been associated with the incidence
of lameness and hock injuries (Chen et al., 2017; Roche et al., 2024; Schiitz et al., 2019). A poor hygiene of the environment
may also decrease the lying time of cattle. Cleanliness may therefore give information on cattle welfare. In the Welfare
Quality protocol for fattening cattle (Welfare Quality, 2023a), body cleanliness is used to assess the comfort around resting.

This can occur on the farm but also during transport or at lairage. Plaques often indicate long-term soiling of the animals
and are likely to originate from the on-farm conditions when assessed at the slaughterhouse.

39.21.2 | Assessment

Timing of assessment: Ante-mortem. The assessment of cleanliness may be performed at lairage or during the unloading of
the truck if animals are slaughtered directly.

Current use of this ABM: Animal cleanliness must be recorded in all slaughterhouses following the Commission
Implementing Regulation (EU) 853/2004. This regulation states that animals presented for slaughter must be clean to re-
duce carcass contamination and ensuring food safety. Therefore, in the European Member States (EU MSs), policy includes
categorising cattle according to visual cleanliness and extensively dirty animals are rejected before entering the slaughter
line.

Considerations for use as standard method: Existing scoring systems have been reported to be used at slaughter in
form of yes/no. However, other on farm scoring systems exist that can be applied also at slaughter. For example, to assess
comfort around resting of fattening cattle in farms, Welfare Quality includes a two-point scoring system of animal cleanli-
ness (Welfare Quality, 2023a). Cleanliness can also be easily assessed at slaughter (Eastwood et al., 2017; Grandin, 2017) and
this assessment might be associated with farm characteristics such as housing type (Burgstaller et al., 2022).

Few studies have explored the association between cleanliness at slaughter and cleanliness on beef farms. Hauge
et al. (2012) found a correlation between dirty dairy cattle presented for slaughter and animal dirtiness on farm. In fact,
herds classified as ‘dirty’ in the study, (i.e. those that had slaughtered many dirty animals in the 2years preceding the
experiment) had actually dirtier cattle (dairy cows, heifers and bulls/steers) during the on-farm assessment as compared
with ‘clean’ herds (i.e. those had slaughtered only clean animals) (Hauge et al., 2012). Many factors on farm were associated
with dirty animals, for example high air humidity, housing and manure texture. Other factors such as outdoor access or
weather conditions may also play a role on cleanliness. Burgstaller et al. (2022) found that cattle housed in deep litter pens
had higher odds of being contaminated at slaughter compared to cattle in a tethered housing system (although in this case
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the presence or type of bedding was unknown). Karhan et al. (2020) found that fattening cattle housed without straw or
bedding material are more likely to be dirty.

Limitation on the use of cleanliness at slaughter in monitoring the welfare on farm is that preslaughter management
practices towards cleaning animals may include clipping and trimming of the tail, brushing, washing and scraping, but
these are generally not routinely done. Other practices such as isolating the animals in larger pens a few weeks before
slaughter seem more frequent. These practices cannot really affect long-term animal welfare on farm but can change the
cleanliness of animals at slaughter, making this indicator difficult to use to assess cattle welfare on farm.

Another limitation in using cleanliness at slaughter as an indicator of animal welfare on farm is the fact that cleanliness
of animals and presence or amount of manure observed at slaughter can be the result of changes after the departure from
the farm depending on factors such as transport duration and conditions and lairage conditions. This limitation could be
overcome by assessing the presence of plaques, which are more likely related to on-farm conditions.

Possibilities for automation: Due to the difficulty in distinguishing between splashes and plaques, and assessing all
the body surface of animals (despite existing video or camera tools), this ABM seems difficult to automate under commer-
cial setting.

39.2.2 | Body condition and carcass fatness
39.2.21 | Description of the ABM

Definition of body condition: Murray (1919) defined body condition as the ratio between fatand non-fat body components
of a live animal. From the 1970s and 1980s, multiple scoring systems have been extensively utilised worldwide to appraise
the energy reserves of dairy cattle for the prevention of productive losses, health and welfare problems (Roche et al., 2009).
As in dairy cows (Edmonson et al., 1989), BCS in beef cattle estimates the mobilisation of energy reserves generally using a
5-point scale (0 =thinnest, 5 =fattest) with quarter-point (0.25) increments. Alternative scoring ranges are the 1-9 scale in
the USA (Corah, 1989) and the 0-2 method (0=satisfactory condition and 2 =very lean) proposed by the Welfare Quality
Project (Welfare Quality, 2023a).

Definition of carcass fatness: Carcass fatness is visually assessed based on the amount of subcutaneous fat of the car-
cass and in the thoracic cavity. In the EU, carcass fat coverage is scored according to the official EUROP carcass classification
system using a five classes grid (from 1 =Iow to 5=very high) (Council Regulations No. 1208/81 and No. 2930/81).

Interpretation: Body condition scoring and carcass fatness offer a subjective assessment of body reserves (subcuta-
neous fat and muscular reserves), thus providing valuable information regarding energy intake relative to the animals'
requirements (overall energy status) (Roche et al., 2004).

39.22.2 | Assessment

Timing of assessment: Measuring BCS at the slaughterhouse should be performed ante-mortem in the pre-slaughter
lairage area to visually identify lean or very lean animals. The carcass fatness score is assessed post-mortem at the end of
the slaughter line or in the chilling rooms.

Current use of these ABMs: In beef cattle, BCS is mainly used on farm as a common indicator of the energy status of
animals (Losada-Espinosa et al., 2018). It estimates the degree of fatness or thinness helping farmers and feed advisers to
finetune the composition of fattening diets to the requirements of the different batches of animals. BCS is not routinely
assessed at the slaughterhouse for welfare assessment purposes. Carcass fatness is routinely scored in the EU slaughter-
houses according to the above-mentioned Council Regulations No. 1208/81 and No. 2930/81.

Consideration for use as standard method: Measuring BCS at the slaughterhouse could be a proxy for undernutri-
tion since it provides information on long-term nutritional status of the livestock (Phythian et al., 2012). Batches of beef
cattle with low BCS at the slaughterhouse may result from the provision diets inadequate to cattle requirements and/or
to the exposure of the animals to management conditions they cannot cope with (Taylor et al., 2023). A Finnish study by
Herva et al. (2011) found a positive relationship between an index that was based on 43 items evaluating opportunities for
movement, lying area, social environment, management, feeding and health of animals and EUROP classification of carcass
fatness. As for calves (EFSA AHAW Panel, 2023), the presence of emaciated beef cattle at the slaughterhouse may also be an
indirect indicator of long-term health problems such as respiratory or claw disorders (Knock & Carroll, 2019). EUROP carcass
classification is a standard method that can be used to identify very lean carcasses (i.e. with fat class levels of 1).

Possibilities for automation: Measuring BCS at the slaughterhouse can be considered highly feasible since body con-
dition scoring is easily learned by assessors and requires no equipment (Morris et al., 2002). The adoption and the specific
training of existing devices for automatic monitoring of BCS in beef cattle, such asimage analysis and ultrasound scanning,
could further promote its use at the slaughterhouse, avoiding variability due to different observers (Halachmi et al., 2013;
Miller et al., 2019). To efficiently use ante-mortem BCS for welfare purposes the system for collecting and recording data
should be harmonised. Similar technologies are available for the automation of carcass fatness evaluation (Delgado-Pando
et al., 2021; Nisbet et al., 2024).
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39.2.3 | Carcass condemnation
39.2.31 | Description of the ABM

Definition: Carcass or parts of the carcass that are unfit for human consumption (and not caused by the slaughter process
itself), reported as a percentage of partially or fully condemned carcasses. Ideally, lesions that occurred during transport
(e.g. bruising, Losada-Espinosa et al. (2021)) would not be included in the condemnation rate for on-farm welfare monitoring
purposes.

Interpretation: Condemnations are mainly due to diseases or injuries and bruises (Collineau et al., 2022; Ellerbroek, 2022;
Losada-Espinosa et al., 2021; Vecerek et al., 2003). In addition to condemnation rates, condemnation reasons are also rele-
vant from the perspective of animal health and welfare surveillance (Vial et al., 2015). In a survey of about 16 million adult
cattle slaughtered in France (total/partial condemnation rate 0.7%/3.8%) the main condemnation reasons were serous
infiltration of connective tissue, peritonitis and abscess (total condemnation) and unique abscess, haemorrhagic infiltration
and muscular sclerosis (partial condemnations) (Collineau et al., 2022). In Switzerland, severe lesions were the leading cause
of whole carcass condemnation, with condemnation rates positively correlated to on-farm mortality (Vial et al., 2015; Vial &
Reist, 2014). Condemnations thus reflect mainly health-related animal welfare problems on farm, but transport and lairage
conditions can also lead to increased condemnation rates (Losada-Espinosa et al., 2021). It should, however, be taken into
account that disease or lesions of low severity do not lead to condemnation and early or subclinical stages of disease are
not likely to be detected by meat inspection. Furthermore, (Vial & Reist, 2014) found a non-reporting bias in a large number
of slaughterhouses.

39.23.2 | Assessment

Timing of assessment: post-mortem

For food safety reasons, Commission Implementing Regulation (EU) 2019/627 requires the recording of whole carcass
or partial condemnations (i.e. condemnations of part of the carcass or offal). Condemnations due to carcass contamination
during the slaughter process should not be considered.

For welfare monitoring purposes, condemnation records should also include animals that are unfit for slaughter due to
clinical signs of disease, which can be already determined during the ante-mortem inspection in case of visibly ill or dis-
abled animals (Collineau et al., 2022).

Current use of this ABM: Condemnations must be recorded in all slaughterhouses following the Commission
Implementing Regulation (EU) 2019/627. According to the replies gathered from the AHAW Network (AW topic), (EFSA, 2023),
all countries that replied to the questionnaire (11/11) considered that collecting data on this ABM was ‘easy’ (the possible an-
swers were easy/medium/difficult). This potentially reflects the fact that this indicator is part of a Commission Implementing
Regulation mentioned earlier but no evidence on the accessibility of such information was found by the EFSA experts. No
peer-reviewed studies mentioning the use of condemnation rates to assess on-farm welfare of fattening beef were found.

Consideration for use as standard method: Clear criteria/specifications/terminology as well as continuing train-
ing and auditing of inspectors are needed, if condemnation rates are to be used to compare welfare levels across farms
(Collineau et al., 2022; Vial et al., 2015). For example, even after controlling for age, sex and breed, cattle condemnation
rates varied between regions and slaughterhouses in France, due to variability in the animal-related factors (e.g. sex, age
and type of breed) and slaughterhouse-related factors (status, type, slaughter volume) (Collineau et al., 2022). While a list of
conditions leading to condemnation exists in Europe, harmonised description and specification of lesions and consequent
decisions are still lacking (Collineau et al., 2022). Especially in the case of carcass condemnations due to reasons other than
health and welfare (such as improper carcass handling or carcass contamination during slaughter and inspection), criteria
for identification and subsequent exclusion need to be developed.

For animal welfare monitoring purposes, carcass condemnations should be expressed as the proportion of partially or
fully condemned carcasses relative to the overall number of cattle slaughtered per farm. The underlying causes of con-
demnations would provide useful additional information for monitoring the welfare state on farm. The type and level
of detail of carcass condemnations data recorded determines the usefulness of this ABM for animal welfare assessment
purposes. Less informative for animal welfare surveillance are the weights of the entirely condemned carcass or of partial
condemnations.

Possibilities for automation: The decision for condemnations cannot be automated due to the diversity of the under-
lying pathomorphological findings. However, the use of electronic recording systems during the assessment or databases
might support the use of these data for health and welfare monitoring.

39.24 | Lung lesions - Pneumonia and pleuritis
39.241 | Description of the ABM

Definition: Inflammation of the lung tissue with or without an overlying pleurisy or inflammation of the pleurae with
fibrinous pleural adhesions.
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Interpretation: Lung lesions are ABMs mainly related to the WC of ‘respiratory disorders’. It is estimated that 18% of cat-
tle have lung lesions at slaughter (Fernandez et al., 2020). Lung lesions in beef cattle are mainly associated to the presence
of BRD. BRD has been reported to be the most common disease in beef cattle, whose prevalence is often underestimated
as only 25% of cattle showing signs of severe BRD lesions showed clinical signs of disease (Griffin, 2014; Taylor et al., 2010).

The assessment of pneumonic lesions at the slaughterhouse could be a good indicator of the welfare on farm, helping
to identify subclinical and clinical infections. Animals with pneumonic lesions at the slaughterhouse have lighter carcass
weights than animals with no lesions of the same age group (Fernandez et al., 2020; Rezac et al., 2014). Chronic catarrhal
pneumonia of grade 1 (< 10% of lung affected) is associated with recovery of events experienced in the past (Lundborg
et al., 2005; Rezac et al., 2014).

39.24.2 | Assessment

Timing of assessment: post-mortem

Current use of this ABM: Post-mortem scoring of pneumonia and pleuritis at the slaughterhouse is currently rou-
tinely carried out by visual inspection mainly for food safety purposes by veterinary inspectors (Regulation (EU) 2019/627).
Carcasses with acute and severe pneumonia or pleuritis are provisionally condemned and proceed to a bacteriological test
and testing for pharmaceutical residues. When tests are favourable (i.e. no issue is detected), carcasses are returned to the
processing chain after removing the affected areas.

Consideration for use as standard method: According to EFSA (2023), 20 out of 26 EU MSs representatives reported
that a ‘yes/no’ scoring would be enough to use pneumonia and pleuritis as ABMs for assessing animal welfare at the farm,
and it would be easy to implement. However, more detailed information could provide more insights about the welfare of
the cattle at the farm. Macroscopic evaluation of the lungs can include the distribution, location and changes consistent
with pneumonia (Fernandez et al., 2020), such as variation in colour (from red to grey), presence of consolidation areas or
exudate (Leruste et al., 2012; Schneider et al., 2009). However, standard methods are not well stablished in the literature. A
study involving the inspection of 2161 carcasses from 80 Italian commercial beef farms reported a wide variability in the
prevalence of specific lesions among batches. The authors suggested that a system based on the allocation of batches to
certain health classes could be used as a feedback tool for farmers and veterinarians (Magrin et al., 2021). Similarly, a study
involving the inspection of 1101 beef-breed carcasses in Spain for chronic catarrhal pneumonia or acute fibrinous pneumo-
nia highlighted the importance of scoring lungs post-mortem to improve farm health and welfare programmes (Fernandez
etal,, 2020). When developing standardised methods there is a need for agreement on specifications/terminology to allow
the use of lung lesions as a retrospective indicator of welfare conditions on farm. In addition, the difficulty of inspecting
and scoring lungs under commercial conditions while the carcasses are moving along the slaughter line also needs to be
taken into account.

Possibilities for automation: There is no published information on the use of automated tools for pneumonia or
pleuritis scoring at the slaughterhouse in beef cattle. In pigs, an automated system using deep learning to score lung
photographs had an average accuracy of 85% (Trachtman et al., 2020), with an application being further developed for
commercial purposes (Dutch Food and Consumer Product Safety Authority, 2022). A similar approach could be developed
for beef carcasses in the future. The attempts to automatically (Maes et al., 2023) diagnose lung diseases in field necropsies
showed moderately high sensitivity in cattle (based on a comparison between the laboratory results with the automatic
necropsy analysis results) (Bortoluzzi et al., 2023). However, this technology would have to be further developed before it
can be reliably used in slaughterhouses.

3.9.2.5 | Skinlesions — wounds and bursitis
39.2.51 | Description of the ABM

Definition: Wounds on the skin of the body (excluding the tail) can range from scratches (surface penetration of the
epidermis) to deeper wounds (penetration of the muscle tissue). Fresh wounds are bloody, older wounds carry scabs and
healed wounds may be visible as scars, indicated by loss of hair and altered skin in terms of colour and thickness. Bursitis
is the inflammation of the fluid-filled sac surrounding joints (bursa), commonly of superficial bursae located in the legs,
namely at tarsal or carpal joints.

Interpretation: Wounds can be due to cuts, scratches, sores or skin infections. Fresh wounds have most likely not been
caused on farm, but during transport or at the slaughterhouse. Bursitis can develop in animals kept in hard floors as the
result of a pressure injury, although infectious causes are also possible.

Wounds and swellings may be painful. When these alterations of the integument and swellings of joints are due to
trauma occur, they reflect repeated physical interactions of the animals with their environment, either because of collisions
with housing equipment or pressure against hard surfaces in the lying or feeding area (for dairy cows: e.g. Brenninkmeyer
et al., 2016), or because of agonistic interactions with horned herd mates (for dairy cows: Menke et al., 1999). In the first
case, the most common locations of wounds are the tarsus, the carpus and the neck region, but also the hip bone, pin
bones, sacrum or other regions can be affected (Brenninkmeyer et al., 2016 for dairy cows). Wounds caused by horns
are characterised by a more vertical orientation and the most typical location is the lower part of the abdomen and the
shoulder (Menke et al., 1999 for dairy cows). In an ante-mortem scoring of skin lesions, Knock and Carroll (2019) found most
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wounds at the legs (34.1% in beef cattle, 30.8% in end-of-career dairy cows), followed by the flank (30.1% and 22.2%). Skin
lesions were not related to any other ABM (e.g. bruises) except lower carcass weight, possibly reflecting an increased risk
of wounds in thinner dairy cattle. In the last month of fattening, the prevalence of leg wounds in ranged between 0.0%
and 1.2% in Limousine bulls and 2.9% and 7.8% in Charolais bulls kept on CSFs and rubber coated slatted, respectively.
The prevalence of bursitis ranged between 34.5% and 19% in Limousine bulls, and between 22.5% and 13.5% in Charolais
Charolais, respectively (Magrin, Gottardo, Brscic, et al. (2019). Valkova et al. (2021) reported on post-mortem examinations
of traumatic injury in cattle processed in Czech slaughterhouses. Wounds visible after skinning are included as traumatic
injury (which further include bruises, fractures, dislocations etc.) while injuries that occurred post-mortem (i.e. technology-
related damage after stunning) are excluded based on their appearance (e.g. tissue regeneration, presence of clotting,
swelling, inflammation, scarring). These authors found frequencies of mostly below 1% (cows: 1.21% (limbs) and 0.51%
(body), heifers: 0.56% and 0.16%, bulls: 0.22% and 0.06% respectively).

39.252 | Assessment

Timing of assessment: ante-mortem

Current use of this ABM: Ante-mortem scoring of wounds and bursitis at the slaughterhouse is currently not common,
and is mainly performed in case severe wounds are observed (EFSA, 2023). Only severe wounds indicating accidents or that
animals have not been fit for transport or need to be killed immediately, or swellings that indicate systemic disease, render-
ing the animal unfit for human consumption, are considered in the official ante-mortem inspections. Under experimental
conditions, scoring of ‘hair loss and lesions’ has been carried out ante-mortem in beef cattle (Knock & Carroll, 2019) using a
scoring scheme for dairy cows on farm.

Consideration for use as standard method: It can be difficult to thoroughly inspect the body and limbs of each ani-
mal before slaughter, especially when they are in a group. Knock and Carroll (2019) scored cattle from an elevated vantage
point, after being moved from the lairage pen to the race. However, they note that due to the distance, some signs of injury
could have gone unnoticed. Furthermore, the design of driveways, body position, animal cleanliness and light conditions
will affect the reliability of the ante-mortem assessment. A post-mortem assessment before skinning could therefore be
more reliable. In addition, however, to date definitions of these ABMs for use as a standard method in slaughterhouses
are not standardised. To the EFSA experts' knowledge, there is only one published study on the use of wounds (Nielsen
et al., 2017) as standard ABMs at slaughter ante-mortem, so these statements are largely based on expert opinion. Scoring
schemes for beef cattle on farm are also available (e.g. Welfare Quality, 2023a) and might be adapted for use in slaughter-
houses. Fresh wounds should not be considered for the assessment of welfare on farm as they most likely happened during
transport or at the slaughterhouse.

Possibilities for automation: There is no published information on the use of automated tools for the detection of
wounds and bursitis in cattle. It is conceivable to carry out a camera-based post-mortem assessment of wounds before
skinning, as similar technology is available for skin lesions in other species (e.g. detection of tail lesions in pigs: Briinger
et al., 2019; Blomke et al., 2020; detection of pododermatitis in turkeys: Stracke et al., 2022). However, currently no specific
adaptation of such technologies for wound and bursitis detection is available.

39.2.6 | Skinlesions - Bruises
39.26.1 | Description ofthe ABM

Definition: An injury (contusion) involving rupture of small blood vessels and discoloration without a break in the overlying
skin.

Interpretation: The accumulation of blood and serum due to the rupture of the vascular supply can develop after the
application of sufficient force. Bruising causes pain (Gregory & Grandin, 2007) and occurs ante-mortem but is commonly
not visible in the live animal because cattle have a thick skin. The lesions in the form of bruising are visible after removal
of the skin (skinning) at the slaughterhouse though. Bruises can result from contact with other animals, inappropriate
handling or physical interactions with the facilities at the farm, market, during loading and unloading, transport to the
slaughterhouse, during handling and in lairage, and even during stunning (Jarvis et al., 1995). Bruises have been proposed
to monitor the welfare of cattle at the slaughterhouse (Grandin, 2000). For the assessment of the welfare situation on farm,
a distinction between old and fresh bruises needs to be made based on colour. Although no specific data have been con-
ducted for beef, evidence from poultry suggests that bruises exhibiting light green, yellow-green or pale yellow coloration
are typically older than 24 h and are therefore more likely to have originated on the farm. In contrast, bruises characterised
by intense dark red to purple are considered more recent and are likely to have occurred during events such as loading,
transport or lairage. Bright red bruises are generally considered more recent than 24 h and are attributed to injuries occur-
ring at the slaughterhouse (EFSA AHAW Panel, 2023). In addition, considerations should be made about pseudo-bruises or
post-mortem artefacts. These pseudo-bruises can result from the mechanical handling of the carcasses at the slaughter line
and can lead to misinterpretation (Vanezis, 2001).
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39.26.2 | Assessment

Timing of assessment: post-mortem

Current use of this ABM: Carcasses with bruises have to be trimmed as the affected parts are not fit for consumption;
and severe bruising may lead to (partial) carcass condemnation by veterinary inspectors. However, post-mortem scoring
of bruises at the slaughterhouse is currently not routinely carried out for welfare evaluation. Under experimental condi-
tions, bruising has been scored at the slaughter line after skinning (Teiga-Teixeira et al., 2021; Zanardi et al., 2022). Several
articles described the relationship of different bruising scores with pre-slaughter practices as well as on-farm, saleyard
or transport practices (Blackshaw et al., 1987; Eldridge & Winfield, 1988; Teiga-Teixeira et al., 2021; Zanardi et al., 2022).
Zanardi et al. (2022) found that the front and ribs anatomical sites presented high percentage of purple and yellow lesions
attributed to traumatic events which occurred prior to transport; flank and hindquarters fresh bruises were observed and
they were related to rough handling and use of driving instruments (Zanardi et al., 2022). Similar results were described by
Teiga-Teixeira et al. (2021), who found that most bruises were circular and were indicative of the rapid handling of cattle
to the stunning room. Fresh lesions in the loin are associated with mounting and agonistic behaviours in lairage. These
agonistic behaviours also can affect the neck, flank and hindquarters (Blackshaw et al., 1987). One important relationship
observed in Teiga-Teixeira et al. (2021) study was that cattle with worse body condition scores had higher numbers of car-
cass bruises.

Consideration for use as standard method: Scoring bruises can be considered a standard method not only for econom-
ical purposes but also for welfare evaluations. Different scoring methods have been described for bruises, therefore clear
criteria/specifications/terminology are needed. Reliability among four observers that were asked to score the same 46
carcasses was moderate (intra-class correlation (ICC) =0.70) for the total number of bruises, but ranged from fair (ICC=0.43)
to moderate (ICC=0.80) for pairs of observers. Only slight overall agreement (ICC=0.35) was found for the number of
bruises scored per predefined anatomical sites (Strappini et al., 2012). As regards bruise characteristics, colour of the bruises
achieved the lowest Kappa values for all observer pairs, ranging between 0.16 and 0.39 (i.e. ‘slight’ to ‘fair' agreement). The
authors considered experience of the observers, speed of the slaughter line and the difficulty to score while the carcass is
moving to be factors for the unsatisfactory agreement between observers. Similar results were observed by another study
in Uruguay (Huertas et al., 2010).

Some authors classified bruises based on anatomical site, size, shape and colour (Zanardi et al., 2022), while others
(Teiga-Teixeira et al., 2021) scored bruise severity. Especially regarding colour, bruises can be differentiated between old
and fresh based on an assessment of their colour, with bruises in tones of red being more recent and bruises in tones of
blue/purple being older.

Possibilities for automation: There is no published information on the use of automated tools for bruise scoring in cattle
carcasses. Recent publications on the successful detection of bruised apples with Al (Unal et al., 2024) indicate the possibil-
ity of automated carcass bruise assessment, but similar technologies for bruise detection in cattle carcasses remain largely
unexplored. Technological solutions capable of inspecting meat products in trays (e.g. to detect foreign bodies) may also
detect bruises (Inspectra, online).

It is expected that automation will reduce the current reliability issues when scoring bruises.

39.3 | Conclusions on ABMs collected on slaughterhouses to evaluate on-farm welfare of fattening
cattle

1. Currently, the ABMs body condition and carcass fatness, carcass condemnation, post-mortem lung lesions and post-
mortem skin lesions (old bruises and bursitis) are not routinely recorded in EU slaughterhouses for animal welfare
monitoring of fattening cattle, but some are already collected for food safety or classification purposes.

2. The ABM:s listed in (1) are the most suitable and promising ABMs for collection at slaughterhouses to monitor the level of
welfare on farm for fattening cattle (i.e. fattening bulls, heifers and steers) (certainty >90%) although they have only to a
very limited extent been evaluated under field conditions.

3. Although old wounds and body cleanliness were initially selected as promising ABMs, the literature review revealed limi-
tations regarding the feasibility and reliability of measuring wounds and the validity of body cleanliness as an indicator of
the welfare situation on farm.

4. Bursitis was selected to reflect lying comfort on farm, however limited information was found on the actual use of this
ABM ante-mortem, which raises questions on its feasibility for monitoring purposes.

5. The ABMs selected refer mostly to health-related welfare consequences and only to a little extent to detect inability to
perform species-specific behaviour on farm leading to welfare consequences (such as resting problems). No ABMs were
identified to detect e.g. inability to perform exploratory or foraging behaviour, or restriction of movement. There are no
ABMs for positive welfare that can be collected at slaughterhouses.

6. There is a large variation in the assessment methodologies used for all the ABMs (except for body condition and carcass
fatness), which makes it difficult to compare the currently available data.

7. Unified and standardised scoring systems and protocols across different regions/countries are necessary to monitor and
benchmark the welfare of fattening cattle transnationally.
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8. The TRL of automated monitoring of ABMs at slaughterhouses is currently low. Automated methods for carcass fatness
classification are the most advanced (certainty >90%).

394 | Recommendations for ABMs collected in slaughterhouses

1. If a monitoring system is to be implemented, data on carcass fatness, carcass condemnations, lung lesions and
skin lesions (old bruises and bursitis) in fattening cattle at slaughter could be collected to identify herds with some
of the most common health-related welfare issues in fattening cattle. Such data would be useful to benchmark
holdings and to inform about the need for implementation of preventive measures on farm.

2. More granular data on the underlying causes of condemnations are recommended.

3. Data already collected for commercial purposes, such as carcass fatness, should be made available to allow the incorpora-
tion of these ABMs in welfare monitoring systems.

4. Harmonised systems for data collection and recording should be developed, including training and reliability testing.

5. Systemsforautomaticand continuous assessment of ABMs and data recording should be developed ante and post-mortem.

6. For a comprehensive welfare assessment, ABMs collected at slaughter should be complemented with data on behav-
ioural ABMs collected on farm and during transport, and with information on farm mortality.

3.10 | ABMs useful for detecting and monitoring each welfare consequence

Each highly relevant welfare consequence is linked to one or more animal-based measures (ABMs) that can be used for its
assessment. An ABM is a response or effect observed in an animal that can be used as a ‘diagnostic tool’ for evaluating its
welfare (EFSA, 2015). These ABMs can be physiological, behavioural or histopathological, for example. They can be directly
observed in the animal, measured in a biological sample or indirectly derived with the use of animal records.

The following section provides a definition of each ABM, an interpretation of how the ABM is related to each selected
welfare consequence, and a qualitative assessment of the feasibility, sensitivity and specificity of each ABM in relation to
each welfare consequence.

In the context of this Scientific Opinion, feasibility refers to the practicality of carrying out an assessment of the ABM on
farm during an animal welfare inspection conducted by an inspector of a Competent Authority, or a farmer or stockperson.
The criteria for feasibility include factors such as access to the animals, visibility of the animals, costs and the time and train-
ing required to monitor and assess the ABM. For some ABMs, feasibility implies the handling and restraint of the animal.

The sensitivity of an ABM refers to the proportion of animals experiencing a WC that manifest that ABM. It therefore
indicates the ABM's ability to identify animals experiencing the WC, i.e. how good it is at detecting the WC in an animal
or group of animals. An ABM that exhibits high sensitivity will produce a low number of false negatives. In contrast, the
specificity of an ABM with respect to a WC is the proportion of animals that do not exhibit the ABM in question among
those that are not experiencing a WC. Therefore, specificity refers to the extent to which an ABM is specific for one WC or
relates to several WCs. An ABM that exhibits high specificity will produce a low number of false positives, and this implies
that the ABM is specific to a single WC. A poor specificity implies that the ABM could also indicate something other than the
WC of interest. This could be a different WC or WCs, or it could imply something else completely, like exercise, for example.
Feasibility does not relate to the sensitivity and specificity of an ABM.

The assessment of feasibility, sensitivity and specificity involves categorising them as either high, moderate or low. The
categorisation of an ABM as having either a high sensitivity or high specificity is based on expert knowledge. Instances
of low sensitivity and low specificity are justified by providing examples where false negatives or false positives could be
expected, respectively. The method used to assess the ABM plays an important role regarding sensitivity, specificity and
feasibility of the ABM. However, these are not described in detail in this opinion.

In this section, ABMs identified for the WCs considered highly relevant under the housing section (Section 3.2) for beef
cattle are presented (Tables 14-33).

TABLE 14 ABMs selected for the assessment of inability to perform exploratory or foraging behaviour.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Non-nutritive oral Definition: Licking, chewing or sucking directed towards items such as bars, hutch, bedding and excluding the animal's
manipulation own body or that of a neighbouring animal (adapted from Downey et al., 2022).

Interpretation: Inability to perform foraging behaviour is indicated by increased frequency or duration of non-nutritive
oral manipulation of objects (Ridge et al., 2020). Inability to perform diverse exploratory behaviour is indicated by
increased non-nutritive oral manipulation, in particular of newly presented items (Schulze Westerath et al., 2009).

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information.
However, extremely increased quantities and corresponding alterations in pen equipment can be easily recognised.

Sensitivity: High.

Specificity: Low. Non-nutritive oral manipulation is partly exploratory behaviour and can also be increased in situations
of isolation stress. It can also indicate the inability to perform sucking behaviour.
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TABLE 14 (Continued)

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Tongue rolling Definition: Tongue is repeatedly moved in a full or partial circular pattern either inside or outside the mouth
(Redbo, 1990).

Interpretation: Inability to perform foraging behaviour is indicated by the occurrence and extent of tongue rolling (Ridge
et al,, 2020). There is no clear relationship between the inability to perform exploratory behaviour and the extent of
tongue rolling.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information.
However, extremely increased quantities can be easily recognised.

Sensitivity: Low. Not all animals experiencing inability to perform foraging behaviour will show tongue rolling.

Specificity: Low. Tongue rolling can also be due to prolonged hunger and inability to chew and/or ruminate, and is
affected by the ability to perform other behaviours (e.g. comfort behaviour, Park, Foster, & Daigle, 2020).

TABLE 15 ABMs selected for the assessment of inability to chew and/or ruminate.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Non-nutritive oral Definition: Licking, chewing or sucking directed towards a non-nutritive item, e.g. bars, hutch, bedding and excluding the
manipulation animal's own body or that of a neighbouring animal (adapted from Downey et al., 2022).

Interpretation: Inability to chew and/or ruminate is indicated by increased frequency or duration of non-nutritive oral
manipulation.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information.
However, extreme quantities and corresponding alterations in pen equipment can be easily recognised.

Sensitivity: High.

Specificity: Low. Non-nutritive oral manipulation is partly an exploration behaviour and can also be increased in situations
of isolation stress. It can also indicate the inability to perform sucking behaviour.

Tongue rolling Definition: An open mouth with extended tongue repetitively moving in and out and/or side-to-side (adapted from Park,

Foster, & Daigle, 2020). Tongue is held in a full or partial circular position or moves in a full or partial circular motion
(adapted from Downey et al., 2022).

Interpretation: Inability to chew and/or ruminate is indicated by the increased occurrence and duration of tongue rolling.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information.
However, extremely increased quantities can be easily recognised.

Sensitivity: Low. Not all animals experiencing inability to chew and/or ruminate will show this behaviour.

Specificity: High. Although it can also be due to prolonged hunger and inability to perform exploratory behaviour, and is
affected by the ability to perform other behaviours (e.g. comfort behaviour, Park, Foster, & Daigle, 2020), a main cause
of tongue rolling is insufficient ability to chew and ruminate.

TABLE 16 ABMsselected for the assessment of inability to perform comfort behaviour.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Self-grooming  Definition: Licking any part of the animal's own body, scratching with foot or horn or rubbing against an object (adapted from
Horvath & Miller-Cushon, 2019).
Interpretation: Absence or low levels of self-grooming indicate the inability to perform comfort behaviour.
Feasibility: Low. Prolonged continuous observation is necessary to obtain reliable quantitative information.
Sensitivity: High.
Specificity: Low. Low levels of self-grooming may also be due to low levels or absence of skin irritation, or to low activity due to
an impaired state of health.

Brush use® Definition: The animal touches a brush with any part of the body (Newby et al., 2013, slightly modified).

Interpretation: The inability to perform comfort behaviour is indicated by low levels of or no brush use, including lack of brush.
However, increased brush use after introducing a new brush can indicate prior inability to perform comfort behaviour.

Feasibility: Moderate. In case of a lacking brush, absence of brush use can be deduced. Determining reliably the level of brush
use at individual or group level requires prolonged observation. Brush use can also be detected through sensors, but
reliability is questionable (Toaff-Rosenstein et al., 2017).

Sensitivity: High (but depends on the stocking density at the brush).

Specificity: Low. Low levels of brush use may also result from low levels or absence of skin irritation, or from low activity due to
an impaired state of health. Animals can also use other objects for self-grooming.

?Only applicable if a brush is present.

TABLE 17 ABMs selected for the assessment of inability to perform play behaviour.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Locomotor play Definition: Galloping, leaping, jumping, bucking and turning (up- and sidewards movement) (modified after Jensen
etal., 1998).

Interpretation: Absence or low levels of locomotor play indicate the inability to perform play behaviour. The likelihood of
locomotor play decreases with age.

Feasibility: Low. Prolonged continuous observation is necessary to obtain reliable quantitative information.

Sensitivity: High.

Specificity: Low. Lower levels of locomotor play may also be due to an impaired health state.

(Continues)
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TABLE 17 (Continued)

ABM

Object play

Social play

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Butting equipment such as water bowls, hayracks or fence-posts or butting straw or rubbing head, throat or neck
in straw while kneeling on the two forelegs in a playful manner (modified after Jensen et al., 1998).

Interpretation: Absence or low levels of object play indicate the inability to perform play behaviour.

Feasibility: Low. Due to the overall infrequent and brief occurrence of play behaviours, prolonged continuous observations
are required to obtain reliable data.

Sensitivity: High.

Specificity: Low. Lower levels of object play may also be due to an impaired health state.

Definition: Pushing, butting, horn rubbing on body or horn contacts in a non-agonistic manner (modified after Bagnato
et al.,, 2023).

Interpretation: Absence or low levels of social play indicate the inability to perform play behaviour.

Feasibility: Low. Due to the overall infrequent and brief occurrence of play behaviours, prolonged continuous observations
are required to obtain reliable data.

Sensitivity: High.

Specificity: Low. Lower levels of social play may also be due to an impaired health state.

TABLE 18 ABMs selected for the assessment of inability to perform sexual behaviour.

ABM

Mounting
attempts

Slipping while
mounting

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Sexually mature animal lifts their front legs from the ground but fails to support themself on a (sexual) partner.
Interpretation: Low levels of mounting attempts in animals in heat indicate inability to perform sexual behaviour.
Feasibility: Low. Prolonged continuous observations are required to obtain reliable data.

Sensitivity: High (if no anti-mounting devices are present).

Specificity: High.

Definition: Loss of balance in which cattle lose their foothold, or one or more hooves slide unintendedly over a small
distance on the floor surface. No other body parts except hooves and/or legs are in contact with the floor surface
(Welfare Quality, 2023a).

Interpretation: High levels of slipping while mounting of slipping indicate the inability to perform sexual behaviour.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information. However,
extremely increased frequencies can be easily recognised.

Sensitivity: High.

Specificity: High.

TABLE 19 ABMs selected for the assessment of inability to avoid unwanted sexual behaviour.

ABM

Disorientated
mounting

Skin lesions/wounds

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Disoriented mounts are head-to-head, head-to-side and intention mounts. These occur when an animal
is being mounted by another animal (same sex or different sex) and shows attempts to avoid such contact, e.g.
moving away or changing position.

Interpretation: Inability to avoid unwanted sexual behaviour is indicated by increased frequencies of disoriented
mounting. Cattle kept at high stocking densities may be less interactive because of the presence of dominant
animals, but these animals may exhibit their authority by mounting subordinate cattle. Homosexual mounting may
persist in groups of intensively housed adult bulls, and some subordinate bulls may be excessively ridden as a form
of aggression by the dominant bulls.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information.
However, extremely increased frequencies can be easily recognised.

Sensitivity: High.

Specificity: High (in groups of bulls).

Definition: ‘Fresh or healed injuries on the skin of the body, which can be scratches, scabs (surface penetration of the
epidermis) or wounds (penetration of the muscle tissue)’ (EFSA, 2023).

Interpretation: Skin lesions can be caused by trauma, e.g. falling down, slipping or collisions with harmful objects in the
enclosures. Repeated mounting may lead to skin lesions per se. The greater the number of skin lesions per animal
and the greater the number of animals with skin lesions, the higher the level of inability to avoid unwanted sexual
behaviour.

Feasibility: Moderate. Smaller lesions cannot be detected when animals can only be observed from outside the pen, or
light conditions or soiling of animals impair inspection. However, large skin lesions are easy to detect.

Sensitivity: Low. Repeated mounting may not always lead to skin lesions/wounds.

Specificity: High when observed on the tail head in bulls. Low for other skin lesions that may be caused by different
reasons (fights, chasing, slipping events, etc.). In heifers and cows, skin lesions on the tail head are observed and
associated with normal mounting behaviour during heat.
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TABLE 20 ABMs selected for the assessment of restriction of movement.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Slipping® Definition: Loss of balance in which cattle lose their foothold, or one or more hooves slide unintendedly over a
small distance on the floor surface. No other body parts except hooves and/or legs are in contact with the floor
surface (Welfare Quality, 2023a).

Interpretation: Slipping is mainly due to an inadequate grip of the floor. Insufficient space allowance can increase
the contacts between animals, which makes difficult for them to balance, potentially leading to an increased
number of slips.

Feasibility: High (as it can be easily assessed by making the observed animals move).

Sensitivity: Low. An animal restricted in movement may not show slipping events.

Specificity: High.

Falling® Definition: Loss of balance in which part(s) of the body, other than the feet and legs, get in contact with the floor
surface (Consortium of the Animal Transport Guides Project, 2018). A fall is ‘an unintentional loss of balance that
leads to failure of postural stability".

Interpretation: Insufficient space allowance could make it difficult for animals to balance, leading to falls. Falling
events are more frequently observed on slippery floors.

Feasibility: Moderate. As the falling event must be observed, prolonged continuous observation is necessary to
obtain reliable quantitative information.

Sensitivity: Low. An animal restricted in movement may not show falling events.

Specificity: Low. Animals may also fall due to handling stress.

Latency to stand up after Definition: A quantification of the time required by the animals to regain the standing up posture after falling down.
afalling event® Interpretation: An increased latency to stand up after falling could occur due to inadequate space to adjust posture.
Feasibility: Low. Prolonged continuous observation is necessary to obtain reliable quantitative information.
Sensitivity: High.
Specificity: Low. Increased latency could arise from other reasons such as leg problems (e.g. lameness) or old age
(leading to reduced mobility).

Step activity or walking Definition: Number of steps per day (step activity) or walking distance (distance walked per day). Alternatively, the
distance®* assessment of space allowance may be considered a proxy.
Interpretation: Low number of steps or low walking distance is indicative of restriction of movement.
Feasibility: Low. These measures can be assessed using pedometers, GPS (Shepley, Lensink, Leruste, & Vasseur, 2020;
Shepley, Lensink, & Vasseur, 2020). Currently, sensors are not consistently available on beef farms - potential
future measure.
Sensitivity: High.
Specificity: Low. Low step activity could also be caused by other factors such as lameness or heat stress.
Locomotor play Definition: Galloping, leaping, jumping, bucking and turning (up- and sidewards movement) (modified after Jensen
etal., 1998).
Interpretation: Restriction of movement due to both insufficient space allowance and slippery flooring system
prevents cattle from showing locomotor play behaviour. The likelihood of locomotor play decreases with age.
Feasibility: Low. Due to the overall infrequent and brief occurrence of play behaviours, prolonged continuous
observations are required to obtain reliable data.
Sensitivity: High.
Specificity: Low. Lower levels of locomotor play may also be due to an impaired health state.

*These ABMs focus mostly on aspects related to impaired movement due to floor quality and less due to spatial constraints.

PFor the assessment of the effect of a housing system, these ABMs do not apply if cattle spend part of the day on pasture, and during specific times of the production
cycle (e.g. parturition).

“Sensitivity and specificity of the ABM was assessed in a qualitative manner, considering a situation of a farm inspection by veterinary authorities to assess the welfare at
the herd level.Further considerations: ABM for restriction of movement could be locomotory activity, but this requires long observation times or access to automatic data
recording, e.g. use of accelerometers. Alternatively, the assessment of space allowance may be considered a proxy.

TABLE 21 ABMs selected for the assessment of resting problems.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Lying time Definition: Time spent with flank in contact with ground (Winckler et al., 2015).
Interpretation: Short lying time (<9 h/day; Tucker et al., 2021) for cattle housed indoors is indicative of resting
problems.

Feasibility: Moderate. Prolonged observation is necessary to obtain reliable quantitative information, but it can also
be recorded using sensor technology (e.g. Ledgerwood et al., 2010).

Sensitivity: High.

Specificity: Low. A short lying time can also be related to group stress or separation stress.

Thwarted lying Definition: Repeated ground sniffing with sweeping movements without lying down (Osterman & Redbo, 2001) or
intentions repeated bending of the carpal joint without reaching the carpal stance phase.

Interpretation: Inadequate resting area (low space allowance or unsuitable resting surface) can hamper cattle
attempts to lie down. Several attempts might be observed.

Feasibility: Low. Prolonged continuous observation is necessary to obtain reliable quantitative information.

Sensitivity: High.

Specificity: High.

(Continues)
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TABLE 21 (Continued)

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Duration of lying down Definition: Duration of behaviour sequence starting with bending of the first carpal joint and ending with pulling out
movement the front leg after the hindquarter has touched ground (Welfare Quality, 2023a).

Interpretation: Longer duration is indicative of a higher degree of resting problems.

Feasibility: High.

Sensitivity: Low. Thwarted lying intentions have a higher sensitivity than the lying down movement itself.
Specificity: Low. Animals with leg problems will take longer to lie down.

Deviation from normal, Definition: Deviation from normal getting up movements, such as non-fluent movement, long pause on knees, some
uninterrupted difficulty in rising, e.g. awkward twisting of head and neck, or deviation from the normal sequence of events
getting up (Chaplin & Munksgaard, 2001).
movement Interpretation: Resting problems are indicated by a higher proportion of observed animals showing a deviation from

normal getting up movements.

Feasibility: High (via direct observation at individual level; rising movements can be assessed in a standardised test
situation, i.e. encouraging animals to stand up).

Sensitivity: High.

Specificity: High (resting problems can be a linked WC of restriction of movement).

Lying behaviour Definition: Percentage of animals simultaneously exhibiting a lying posture. Different thresholds of synchronous
synchronisation posture are possible (e.g. 70%, 80% or 100% (Stoye et al., 2012).

Interpretation: A lower degree of lying synchrony is indicative of resting problems.

Feasibility: Low. Prolonged observation is necessary to obtain reliable quantitative information. Expected to be
higher in the future when validated sensors for monitoring cattle activity become available for use in beef farms.

Sensitivity: High (more sensitive than lying time).

Specificity: Low. Group stress or heat stress may lead to low synchrony.

Time spent in lateral Definition: Lying with legs extended (relaxed posture) (Feerevik et al., 2008; Ketelaar de Lauwere & Smits, 1991).
recumbency Interpretation: Lack of adoption of this type of posture suggests resting problems.

Feasibility: Low. Prolonged observation is necessary to obtain reliable quantitative information and validated
automated monitoring systems (e.g. video) are not yet available on beef cattle farms.
Sensitivity: High.
Specificity: Low. Cattle may not lie down in a relaxed posture due to cold stress or group stress.
Overlying Definition: Animals lying down (or attempting to) on conspecifics.
Interpretation: When space is restricted, overlying can occur as some animals are observed to lie down on another
animal when both attempt to lie down at the same time.
Feasibility: Low. Prolonged observation is necessary to obtain reliable quantitative information.
Sensitivity: High.
Specificity: High.
Hock (tarsus) alterations Definition: Integument alteration on the hock that includes multiple clinical presentations ranging from mild hair
loss to cellulitis, swelling and ulceration, and even severe alterations in subcutaneous tissue, bones or joints (e.g.
Welfare Quality, 2023a).
Interpretation: Higher prevalence of hock alterations is indicative of resting problems.
Feasibility: High.
Sensitivity: High.
Specificity: High.
Knee (carpus) alterations  Definition: Integument alteration on the knee that include multiple clinical presentations ranging from mild hair
loss to cellulitis, swelling and ulceration, and even severe alterations in subcutaneous tissue, bones or joints (e.g.
Welfare Quality, 2023a).
Interpretation: Higher prevalence of knee alterations is indicative of resting problems.
Feasibility: High.
Sensitivity: High.
Specificity: High.

TABLE 22 ABMs selected for the assessment of group stress.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Skin lesions Definition: Tissue damage such as bruises, scratches and wounds (EFSA AHAW Panel, 2012a) caused by physical
agonistic interactions or in the course of retreat from conspecifics, at the head, neck, shoulder, back, abdomen,
flank, hindquarters, udder and anogenital region. This excludes technopathies, defined as areas of hair loss, ulcers
or swellings likely resulting from improper housing equipment and typically occurring in multiple animals at similar,
mostly protruding body sites, such as the hocks, carpal joints, hip bones, shoulders or neck.

Interpretation: The greater the number of skin lesions per animal and the greater the proportion of animals with skin
lesions, the higher the level of group stress.

Feasibility: Moderate. Smaller lesions cannot be detected when animals can only be observed from outside the pen, or
light conditions or soiling of animals impair inspection. However, large skin lesions are easy to detect.

Sensitivity: High (although much lower in hornless than in horned cattle).

Specificity: High (as long as they are distinguished from technopathies).
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TABLE 22 (Continued)

ABM

Physical agonistic
interactions

Body condition score

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Agonistic behaviour is defined as social behaviour related to social hierarchy and includes aggressive
as well as submissive behaviours (Welfare Quality, 2023a). Physical agonistic interactions include head-butting,
displacement involving physical contact, chasing, fighting and chasing up (Welfare Quality, 2023a).

Interpretation: Increased group stress due to mixing of groups or individuals, competition for resources or lack of
withdrawal space is indicated by increased frequencies of physical agonistic interactions.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
extremely increased frequencies can be easily recognised.

Sensitivity: High (although slight increases in group stress may not be reflected by increased agonistic interactions, and
restriction of space and slippery floors may decrease the frequency of agonistic interactions despite high group
stress levels).

Specificity: High.

Definition: Body condition scoring (BCS) is used to visually assess the level of body fat by evaluating the loin, tail
head, hip bones, spine and ribs. The overall body shape and fat cover are assessed, differentiating between a
satisfactory (at most two body regions classified as very lean) and a very lean (classified as very lean in at least
three body regions) body condition (Welfare Quality, 2023a). The following criteria are taken into account: Cavity
around tail head; Visible depression between backbone and hip bones (tuber coxae); Ends of transverse processes
distinguishable; Tail head, hip bones (tuber coxae), spine and ribs visible.

Interpretation: Group stress is indicated by the presence and an increased proportion of very lean animals, as e.g.
repeated displacements from the feed bunk result in impaired feed intake.

Feasibility: High (but visibility of all individuals may be impaired under certain housing conditions).

Sensitivity: Low. Cattle will only show low body condition if group stress and prevention from accessing feed sources
occur over a long period of time.

Specificity: Low. Situations of prolonged hunger not caused by group stress or chronic disease may also result in poor
body condition.

TABLE 23 ABMs selected for the assessment of handling stress.

ABM?

Avoidance distance

Slipping

Falling

Freezing

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Percentage of animals that can be touched by an approaching observer, or cannot be touched but can be
approached up to a certain distance (<50 cm, 50-100 cm, > 100 cm), in a standardised test on group level (Welfare
Quality, 2023a). The avoidance distance classes can also be applied at individual level.

Interpretation: Increased avoidance distance indicates negative past experiences during human-animal interactions,
including handling.

Feasibility: Moderate. Performing the standardised test is time-consuming, but extreme avoidance distances are easy to
recognise.

Sensitivity: High.

Specificity: High.

Definition: Loss of balance in which the animal loses its foothold, or one or more hooves slide unintentionally over a short
distance on the floor surface (Consortium of the Animal Transport Guides Project, 2018). No other body parts except
hooves and/or legs are in contact with the floor surface. Slipping is noticed as a lowering of an animals” body due to the
gliding or folding of leg/legs, possibly in combination with an interruption of movement (Welfare Quality, 2023a).

Interpretation: Cattle may slip as a result of hasty or violent handling, behaviour of other animals, slippery ground, slope or
obstacles.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased occurrences can be easily recognised.

Sensitivity: Low. Cattle may not slip due to handling stress.

Specificity: Low. Cattle may slip for other reasons, i.e. the quality of the flooring or antagonistic encounters.

Definition: Loss of balance in which part(s) of the body, other than the feet and legs, get in contact with the floor surface
(Consortium of the Animal Transport Guides Project, 2018). A fall is ‘an unintentional loss of balance that leads to failure
of postural stability”.

Interpretation: Cattle may fall as a result of hasty or aggressive handling.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased occurrences can be easily recognised.

Sensitivity: Low. Cattle may not fall due to handling stress.

Specificity: Low. Cattle may fall due to other reasons such as behaviour of other animals, slippery ground, slope or
obstacles.

Definition: Freezing is defined as when the route is free in front or behind the animal but the animal refuses to move
forward or backwards within 4 s from being touched/coerced by the handler. If the animal takes more than one step
and stops again, or moves backwards, a ‘freeze’ is recorded again when a new driving attempt is made. An animal that
stops but continues to walk when the handler drives it forward is not frozen (Welfare Quality, 2023a).

Interpretation: Cattle may freeze as a fear response to handling.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased occurrences can be easily recognised.

Sensitivity: Low. Cattle may not freeze due to handling stress.

Specificity: High.

(Continues)
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TABLE 23 (Continued)

ABM?*

Moving backwards

Vocalisations

Respiratory rate or
occurrence of
panting

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Moving backwards is defined as when the animal moves backwards, by itself or as a reaction to handling.
When an animal takes a few steps backwards to achieve balance or changes position in relation to other animals when
crowding, it is not considered as moving backwards (Welfare Quality, 2023a).

Interpretation: Cattle may move backwards as a fear response to handling.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased occurrences can be easily recognised.

Sensitivity: Low. Cattle may not move backwards due to handling stress.

Specificity: High.

Definition: Frequency of open-mouth vocalisations with inhalation between two occurrences, i.e. of mooing and bellowing
(Johnsen et al., 2015; Loberg et al., 2008).

Interpretation: Increased handling stress is indicated by increased frequency of vocalisations (Green et al., 2021; Johnsen
et al., 2015).

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased occurrences can be easily recognised.

Sensitivity: Low. Cattle may not vocalise due to handling stress.

Specificity: Low. Vocalisations may also occur in cases of prolonged hunger or separation stress.

Definition: Frequency of breathing, usually measured by counting the movements of the flank through direct observation
and converting it into number of breaths per minute. Panting is accompanied by a decrease in tidal volume and can be
measured through a 5-point score: 0 — normal respiration; 1 — elevated respiration; 2 - moderate panting and/or presence
of drool or small amount of saliva; 3 - heavy open-mouth panting; saliva usually present; 4 - severe open-mouth panting
accompanied by protruding tongue and excessive salivation; usually with neck extended forward (Mader et al., 2006).

Interpretation: Increased handling stress is indicated by an increased respiratory rate or the occurrence of panting as result
of high physical activity (Lees, Sullivan, et al., 2019).

Feasibility: High.

Sensitivity: Low. Cattle may not pant or increase their respiratory rate due to handling stress.

Specificity: Low. Animals may pant or increase their respiratory rate due to other reasons such as respiratory disorders (e.g.
pneumonia) or heat stress.

“Except avoidance distance, all ABMs used to assess handling stress can only be assessed while the animals are handled.

TABLE 24 ABMs selected for the assessment of separation stress.

ABM

Vocalisations

Lying time

Frequency of lying
bouts

Feeding duration

Duration of
locomotion or
pacing

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Frequency of open-mouth vocalisations with inhalation between two occurrences, i.e. of mooing and
bellowing (Johnsen et al., 2015; Loberg et al., 2008).

Interpretation: Increased separation stress is indicated by increased frequencies of vocalisations, as agitated animals
tend to increase the frequency of vocalisations (Green et al., 2021; Johnsen et al., 2015).

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased frequencies can be easily recognised.

Sensitivity: Low. Cattle may not vocalise due to separation stress.

Specificity: Low. Vocalisations may also occur in cases of prolonged hunger or handling stress.

Definition: Time spent with flank in contact with the ground (Flower & Weary, 2001; Stéhulova et al., 2008; Winckler
etal., 2015).

Interpretation: Increased separation stress is indicated by a decreased lying duration.

Feasibility: Moderate. Prolonged observation is necessary to obtain reliable quantitative information, but it can also be
recorded using sensor technology (e.g. Ledgerwood et al., 2010).

Sensitivity: High.

Specificity: Low. A low lying duration can also be related to prolonged hunger, group stress or resting problems.

Definition: Number of times when the animal switches from standing to lying.

Interpretation: Increased separation stress is indicated by an increased number of lying bouts.

Feasibility: Moderate. Prolonged observation is necessary to obtain reliable quantitative information, but it can also be
recorded using sensor technology (e.g. Ledgerwood et al., 2010).

Sensitivity: Low. Separation stress can also be present without increased frequencies of lying bouts.

Specificity: Low. Increased frequencies of lying bouts can also be related to group stress or inappropriate environmental
conditions, particularly in the lying area.

Definition: Amount of time the animal spends taking feed into the mouth, followed by chewing and swallowing (Loberg
etal., 2008).

Interpretation: Increased separation stress is indicated by a decreased feeding duration.

Feasibility: Low. Prolonged observation is necessary to obtain reliable quantitative information.

Sensitivity: High.

Specificity: Low. A low feeding duration can also be related to sickness, group stress or inappropriate environmental
conditions, particularly in the feeding area.

Definition: Pacing is moving forth and back parallel to walls, pen partitions, fences (Johnsen et al., 2015, slightly modified).

Interpretation: Increased separation stress is indicated by increased pacing.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased frequencies can be easily recognised. In addition, it can be recorded using sensor technology (e.g.
Ledgerwood et al., 2010).

Sensitivity: High.

Specificity: Low. Increased pacing can also be related to group stress or handling stress.
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TABLE 25 ABMs selected for the assessment of sensory under-and/or overstimulation.?

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Non-nutritive oral Definition: Licking, chewing or sucking directed towards items such as bars, hutch, bedding and excluding the animal's
manipulation own body or that of a neighbouring animal (Downey et al., 2022, slightly modified).

Interpretation: Sensory understimulation is indicated by increased frequency or duration of non-nutritive oral
manipulation of objects (Schulze Westerath et al., 2009).

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information. However,
extremely increased quantities and corresponding alterations in pen equipment can be easily recognised.

Sensitivity: High.

Specificity: Low. Non-nutritive oral manipulation can also occur and be increased in situations of isolation stress or when
the animals are not able to perform sucking behaviour.

Tongue rolling Definition: Tongue is repeatedly moved in a full or partial circular pattern either inside or outside the mouth (Redbo, 1990).
Interpretation: Sensory understimulation is indicated by the occurrence and extent of tongue rolling.
Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information. However,
extremely increased quantities can be easily recognised.
Sensitivity: High.
Specificity: Low. Tongue rolling can also occur in situations where the animals experience inability to chew and/or
ruminate.

Restlessness Definition: Number of transitions between behaviours or between classes of behaviours (Wildemann, 2023).
Interpretation: Higher restlessness is indicative of sensory understimulation in fattening cattle.
Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but
highly increased frequencies can be easily recognised.
Sensitivity: High.
Specificity: Low. Restlessness can be due to subclinical ruminal acidosis.

“Here only the aspect of ‘understimulation’ is addressed, because the issue of ‘overstimulation’ was not identified for any of the factors assessed.

TABLE 26 ABM:s selected for the assessment of soft tissue lesions and integument damage.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Hairless spots Definition: Areas with hair loss (skin not damaged) (EFSA AHAW Panel, 2012a).
Interpretation: The greater the number of hairless spots per animal and the greater the proportion of animals with hairless
spots, the higher the level of soft tissue lesions and integument damage.
Feasibility: Moderate. Smaller areas with hair loss cannot be detected when animals can only be observed from outside the
pen, or light conditions or soiling of animals impair the inspection. However, large hairless spots are easier to detect.
Sensitivity®: High (although lower in hornless than in horned cattle).
Specificity: High.
Wounds, scratches Definition: Injury to the body involving broken skin or scab (Welfare Quality, 2023a).
Interpretation: The greater the number of wounds/scratches per animal and the greater the proportion of animals with
wounds/scratches, the higher the level of soft tissue lesions and integument damage.
Feasibility: Moderate. Smaller wounds/scratches cannot be detected when animals can only be observed from outside the
pen, or light conditions or soiling of animals impair the inspection. However, large wounds are easier to detect.
Sensitivity®: High.
Specificity: High.
Swellings Definition: Obvious increase in circumference compared to healthy state in any part of the body (Welfare Quality, 2023a).
Interpretation: The greater the number of swellings per animal and the greater the proportion of animals with swellings,
the higher the level of soft tissue lesions and integument damage.
Feasibility: Moderate. Smaller lesions cannot be detected when animals can only be observed from outside the pen, or
light conditions or soiling of animals impair the inspection. However, severe swellings are easier to detect.
Sensitivity®: High.
Specificity: High.
Bruises Definition: Accumulation of blood and serum at the site of a contusion, visible post-mortem as superficial discoloration of
tissue due to haemorrhages caused by rupture of the vascular supply (Sdnchez et al., 2022).
Interpretation: The greater the number of bruises per animal and the greater the proportion of animals with bruises, the
higher the level of soft tissue lesions and integument damage.
Feasibility: Low. Bruises are subcutaneous alterations and require post-mortem inspection at the slaughterhouse for
reliable assessment (EFSA AHAW Panel, 2023a).
Sensitivity: High.
Specificity: High.

*These ABMs should always be assessed together to obtain a full picture of soft tissue lesions and integument damage.
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TABLE 27 ABMs selected for the assessment of locomotory disorders (including lameness).

ABM

Lameness

Digital dermatitis

Claw lesions

Hock (tarsus)
alterations

Knee (carpus)
alterations

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Lameness is the inability to express a normal and functional gait pattern in one or more limbs. It can be
assessed using a 2-point scale (0=not lame, 2=lame) (Welfare Quality, 2023a).

Interpretation: The higher the score and the greater the proportion of animals with lameness, the higher the level of
locomotory disorders.

Feasibility: High (but visibility of all individuals while walking may be impaired under certain housing conditions).

Sensitivity: High.

Specificity: High.

Definition: Bacterial infection of the heel bulbs causing ulcerative lesions. The type and severity of lesions can be
assessed using the M-stages scoring system (Egger-Danner et al., 2020).

Interpretation: The higher the score per animal and the higher the proportion of animals with digital dermatitis, the
higher the level of locomotory disorders.

Feasibility: Low. Scoring requires animal restraint as for hoof trimming, which is not a routine practice in beef cattle.
Moreover, it should be performed by professional claw trimmers or veterinarians.

Sensitivity: High.

Specificity: High (relates solely to identification of digital dermatitis).

Definition: Claw horn disruption lesions are a set of non-infectious foot lesions that include double soles, horn fissures,
sole haemorrhages, sole ulcers and white line disease (reviewed in Alvergnas et al., 2019). Different scoring systems
exist for different types of claw lesions (Egger-Danner et al., 2020).

Interpretation: The higher the proportion of animals with claw lesions, the higher the level of locomotory disorders.

Feasibility: Low. Scoring requires animal restraint as for hoof trimming, which is not a routine practice in beef cattle.
Moreover, it should be performed by professional claw trimmers or veterinarians.

Sensitivity: High.

Specificity: High.

Definition: Integument alteration on the hock that includes multiple clinical presentations such as ulceration and
swelling (Welfare Quality, 2023a).

Interpretation: The greater the number of hock alterations per animal and the higher the proportion of animals with hock
alterations, the higher the level of locomotory disorders.

Feasibility: High (but visibility of all individuals may be impaired under certain housing conditions).

Sensitivity: Low. Animals with hock alterations do not necessarily show impaired locomotion.

Specificity: Low. Hock alterations may also be due to resting problems.

Definition: Integument alteration on the carpal joint that includes multiple clinical presentations such as ulceration and
swelling (Welfare Quality, 2023a).

Interpretation: The greater the number of knee alterations per animal and the higher the proportion of animals with knee
alterations, the higher the level of locomotory disorders.

Feasibility: High (but visibility of all individuals may be impaired under certain housing conditions).

Sensitivity: Low. Animals with knee alterations do not necessarily show impaired locomotion.

Specificity: Low. Knee alterations may also be due to resting problems.

TABLE 28 ABMs selected for the assessment of metabolic disorders: Subacute rumen acidosis (SARA).

ABM

Rumen pH
(measured by
rumen bolus)

Diarrhoea

Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Definition: Logarithmic measure of the concentration of hydrogen ions in the rumen liquid. A rumen pH lower than or
equal to 6 is considered as a sign of subacute rumen acidosis (Neubauer et al., 2018).

Interpretation: The higher the proportion of animals with rumen pH <6, the higher the level of metabolic disorders, here:
SARA.

Feasibility: Low. Rumen pH can be measured continuously by a rumen bolus equipped with a pH electrode, administered
orally with a dedicated balling gun (Villot et al., 2018). Such expensive technology is not widely applied in beef cattle. It
is already used in some dairy farms and may become realistic with advances in technology.

Sensitivity: High.

Specificity: High.

Definition: Loose watery faeces below the tail head on both sides of the tail, area affected at least the size of a hand
(Welfare Quality, 2023a).

Interpretation: The higher the proportion of animals with diarrhoea, the higher the level of metabolic disorders, here:
SARA.

Feasibility: High.

Sensitivity: Low. Not all animals affected by SARA will show signs of diarrhoea.

Specificity: Low. Also gastro-enteric disorders may lead to diarrhoea.

35U9017 SUOLLUOD SA1ER.D d|qedt|dde au} Aq pausenof a1e SSpie VO 8Sn JO S9|N. 10} AReig 1T UIjUO 8|1/ UO (SUOIPUOD-PpUe-SWLRIAL0D A8 | 1M Ae.q 1 [eu1|UO//SARY) SUORIPUOD pue SLd | 3U} 835 *[G20e/L0/TE] uo Ariqiauliuo (1M ‘elfelpueIyd0D Aq 8156'G202 es " /€062 OT/I0p/W0d A8 | 1M Ake.q Ut U0 es jo//Sdny Wo.y papeojumoq ‘. ‘Ge0g ‘ZELYTEST



WELFARE OF BEEF CATTLE 133 of 195

TABLE 29 ABMs selected for the assessment of gastro-enteric disorders.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Diarrhoea Definition: Loose watery faeces below the tail head on both sides of the tail, area affected at least the size of a hand (Welfare
Quality, 2023a).
Interpretation: The higher the proportion of animals with diarrhoea, the higher the level of gastro-enteric disorders.
Feasibility: High.
Sensitivity: Low. Not all animals affected by gastro-enteric disorders will show signs of diarrhoea.
Specificity: Low. Also metabolic disorders such as SARA may lead to diarrhoea.

Bloated rumen Definition: A characteristic ‘bulge’ between the hip bone and the ribs on the left side of the animal (Welfare Quality, 2023a).
Interpretation: The higher the proportion of animals with bloated rumen, the higher the level of gastro-enteric disorders.
Feasibility: High.
Sensitivity: Low. Not all gastro-enteric disorders are associated with a bloated rumen.
Specificity: High (in standing animals; transitory bloated rumen can be observed on lying cattle)

TABLE 30 ABMs selected for the assessment of respiratory disorders.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Respiratory rate Definition: Frequency of breathing, usually measured by counting the movements of the flank through direct
observation and converting it into number of breaths per minute.
Interpretation: Increased respiratory rate indicates affected breathing capacity due to respiratory disorders.
Feasibility: High.
Sensitivity: High.
Specificity: Low. Cattle may show increased respiratory rate due to other reasons for the activation of the
sympathetic system (such as handling) or thermal regulation (heat stress).

Hampered respiration Definition: Deep and laboured or overtly difficult breathing. Expiration is supported by the muscles of the
trunk, mostly accompanied by a pronounced sound. Respiratory rate may be only slightly increased (Welfare
Quality, 2023a).
Interpretation: Hampered respiration indicates impaired lung function due to respiratory disorders.
Feasibility: High.
Sensitivity: High.
Specificity: High.

Respiratory sounds at Definition: Increased respiratory sounds at lung auscultation.
lung auscultation® Interpretation: Pathological alterations in lung parenchyma or fluid accumulation due to infection/inflammation lead

to altered lung sounds at auscultation during respiration.

Feasibility: Low. It requires animal restraint and skilled personnel/veterinarians.

Sensitivity: Low. Upper respiratory disease may not always cause increased respiratory sounds.

Specificity: High.

Coughing® Definition: Brisk expel of air from the lungs by sudden contraction of the diaphragm and intercostal muscles in
response to irritation of the lower respiratory tract (EFSA AHAW Panel, 2023a).

Interpretation: Cough indicates that the respiratory tract is irritated. Different types of coughs might be linked to
different respiratory diseases, which can involve the upper or the lower respiratory tract, with or without fluid
accumulation.

Feasibility: High.

Sensitivity: High (in acute cases of bovine respiratory disease).

Specificity: High.

Nasal discharge® Definition: Nasal discharges can be serous (thin, clear and colourless), catarrhal (grey, flocculent), purulent (thick,
yellow) or haemorrhagic (red). Assigned scores range from 0 to 3 as the clinical sign progresses from normal to
very abnormal. 0=normal, serous discharge; 1=small amount of unilateral, cloudy discharge; 2 =bilateral, cloudy
or excessive mucus; 3=copious, bilateral mucopurulent nasal discharge (Love et al., 2014).

Interpretation: Upper and lower respiratory tract infection will cause an increase in mucous or purulent discharge.
Unilateral discharge indicates localised conditions involving the nose or sinuses, whereas bilateral discharge may
indicate thoracic or systemic conditions (Love et al., 2014; McGuirk, 2008).

Feasibility: High (clearly visible from the nostril).

Sensitivity: Low. Animals with respiratory disease do not always show nasal discharge.

Specificity: High.

?ABMs included in scoring systems for detection of bovine respiratory disease.
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TABLE 31 ABMs selected for the assessment of prolonged hunger.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM
Body condition Definition: Body condition scoring (BCS) is used to visually assess the level of body fat by evaluating the loin, tail head,
score (BCS) hip bones, spine and ribs. The overall body shape and fat cover are assessed, differentiating between a satisfactory

(at most two body regions classified as very lean) and a very lean (classified as very lean in at least three body regions)
body condition (Welfare Quality, 2023a). The following criteria are taken into account: Cavity around tail head; Visible
depression between backbone and hip bones (tuber coxae); Ends of transverse processes distinguishable; Tail head, hip
bones (tuber coxae), spine and ribs visible.

Interpretation: Prolonged hunger is indicated by the presence and an increased proportion of very lean animals.

Feasibility: High (but visibility of all individuals may be impaired under certain housing conditions).

Sensitivity: Low. Fattening cattle will only show lean body condition after a long period of hunger.

Specificity: Low. Situations of group stress or chronic disease may also result in poor body condition.

Vocalisations Definition: Frequency of open-mouth vocalisations with inhalation between two occurrences, i.e. of mooing and bellowing
(Johnsen et al., 2015; Loberg et al., 2008).
Interpretation: When cattle are hungry, they tend to increase the frequency of vocalisations.
Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but highly
increased frequencies can be easily recognised.
Sensitivity: Low. Cattle may not vocalise when experiencing hunger.
Specificity: Low. Vocalisations may also occur e.g. during separation stress and handling stress.

TABLE 32 ABMs selected for the assessment of prolonged thirst.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Drinking behaviour Definition: Drinking bout frequency and water intake per bout (Nizzi et al., 2025).

Interpretation: Increased frequency of drinking bouts and/or increased water intake at each bout can indicate thirst
(as shown for dairy cattle after 2-4 h water restriction after milking compared to cows with no restriction; Nizzi
et al., 2025).

Feasibility: Low (unless automated). Prolonged continuous observation is necessary to obtain reliable quantitative
information.

Sensitivity: High.

Specificity: High.

TABLE 33 ABMsselected for the assessment of heat stress.

ABM Definition, interpretation, feasibility, sensitivity and specificity of the ABM

Panting Definition: Increase in respiratory frequency accompanied by a decrease in tidal volume to increase ventilation of the upper
respiratory tract. Panting can be measured through a 5-point score: 0 - normal respiration; 1 - elevated respiration; 2 -
moderate panting and/or presence of drool or small amount of saliva; 3 — heavy open-mouth panting; saliva usually present;
4 - severe open-mouth panting accompanied by protruding tongue and excessive salivation; usually with neck extended
forward (Mader et al., 2006).

Interpretation: Increase in respiratory rate is the first visible response of cattle to heat stress and changes with thermal
environment. Initially, the rate of panting increases proportionally to the increase in environmental temperature.
Subsequently, after reaching a certain environmental temperature, the rate of panting slows down and the animal's
physiological mechanisms change.

Feasibility: Moderate. Prolonged continuous observation is necessary to obtain reliable quantitative information, but highly
increased frequencies and occurrences can be easily recognised.

Sensitivity: High.

Specificity: Low. Animals may pant due to other reasons, such as respiratory disorders (e.g. pneumonia) or acute physical exercise
(Lees, Sullivan, et al., 2019).

Sweating Definition: Visual signs of sweating in cattle are wet patches along the animals' backs and shoulders.
Interpretation: When the effective temperature increases above the comfort zone, the animals will start to sweat. Further
increases in the effective temperature will see increased rates of sweating. Evaporative cooling is the only form of heat loss
once the ambient temperature exceeds the skin temperature (Cunningham, 2002).
Feasibility: High.
Sensitivity: Low. Cattle sweat at a low rate so that it may be imperceptible (Gebremedhin et al., 2008; Wang et al., 2020).
Specificity: Low. Cattle may sweat due to other reasons such as intense physical exercise or stress.

4 | CONCLUSIONS

The certainty of each conclusion statement was assessed following the method described in Section 2.4. When a certainty

category is added at the end of a paragraph, it is considered that it applies to all sentences within that paragraph.
For conclusions on:

« Housing conditions — Water access, see Section 3.2.1.4.
« Flooring, see Section 3.2.2.4.
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« Nutrition and feeding, see Section 3.2.3.4.

o Lack of outdoor access, Section 3.2.4.4.

o Lack of environmental enrichment, see Section 3.2.5.4.

« Mixing of cattle, see Section 3.2.6.4.

« High environmental temperatures, see Section 3.2.7.4.

o Minimum space allowance, see Section 3.3.5.

« Welfare of cattle kept on pasture, Section 3.4.1.6.

« Welfare of fattening cattle in outdoor feedlots, Section 3.4.2.3.

« Risks associated with weaning of suckler calves, Section 3.5.4.

o Mutilations — disbudding and dehorning, see Section 3.6.1.4.

« Mutilations - castration, see Section 3.6.2.4.

« Mutilations - tail docking, see Section 3.6.3.4.

« Breeding and genetics — polledness, see Section 3.7.2.6.

« Breeding and genetics — temperament, see Section 3.7.3.6.

» Breeding and genetics — hypermuscularity, see Section 3.7.4.6.

» Breeding and genetics - dystocia and C-section, see Section 3.7.5.6.

» Breeding and genetics — maternal ability, see Section 3.7.6.6.

« Decision making criteria for euthanasia of cull cows kept for beef, see Section 3.8.4.
« ABMs in slaughterhouses to monitor the level of welfare on farm for fattening cattle, see Section 3.9.3.

5 | RECOMMENDATIONS
For recommendations on:

o \Water access, see Section 3.2.1.5.

« Flooring, see Section 3.2.2.5.

« Nutrition and feeding, see Section 3.2.3.5.

o Lack of outdoor access, Section 3.2.4.5.

o Lack of environmental enrichment, see Section 3.2.5.5.

« Mixing of cattle, see Section 3.2.6.5.

« High environmental temperatures, see Section 3.2.7.5.

« Minimum space allowance, see Section 3.3.6.

« Welfare of cattle kept on pasture, Section 3.4.1.5.

« Welfare of fattening cattle in outdoor feedlots, Section 3.4.2.4.

« Risks associated with weaning of suckler calves, Section 3.5.5.

o Mutilations — disbudding and dehorning, see Section 3.6.1.5.

« Mutilations - castration, see Section 3.6.2.5.

« Mutilations - tail docking, see Section 3.6.3.5.

« Breeding and genetics — polledness, see Section 3.7.2.7.

« Breeding and genetics — temperament, see Section 3.7.3.7.

» Breeding and genetics — hypermuscularity, see Section 3.7.4.7.

» Breeding and genetics - dystocia and C-section, see Section 3.7.5.7.
» Breeding and genetics — maternal ability, see Section 3.7.6.7.

» Decision making criteria for euthanasia of cull cows kept for beef, see Section 3.8.4.
« ABMs in slaughterhouses to monitor the level of welfare on farm for fattening cattle, see Section 3.9.4.

ABBREVIATIONS

ABM(s) animal-based measure(s)

ACTH adrenocorticotropic hormone
AHAW Animal Health and Animal Welfare
AM ante-mortem

BCS body condition score

BRD bovine respiratory disease

BW body weight

CNB cornual nerve block

C-sections caesarean sections

CSF(s) concrete slatted floor(s)

DM double muscled

DMI dry matter intake

dmin minimum inter-individual distance
EKE expert knowledge elicitation
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GIN gastro-intestinal nematodes

GnRH gonadotrophin releasing hormone

GWAS(s) genome-wide association study/studies. GWAS is a research approach used in genetics to identify associa-

tions between specific genetic variations and particular traits, diseases or conditions in populations. It aims
to identify associations of genotypes with phenotypes by testing for differences in the allele frequency of
genetic variants between individuals who are similar but differ phenotypically.

LCT lower critical temperature

MS(s) Member State(s)

NDF neutral detergent fibre

NGO(s) Non-Governmental Organization(s)
NSAID(s) non-steroidal anti-inflammatory drug(s)
OR odds ratio

owp outwintering pads

peNDF physically effective neutral detergent fibre
PM post-mortem

QTL(s) quantitative trait locus/loci

RH relative humidity

RM(s) rubber mat(s)

SARA subacute rumen acidosis

SCC somatic cell count

TCZ thermal comfort zone

THI temperature-humidity index

TMR total mixed ration

TNZ thermoneutral zone

ToR(s) Term(s) of Reference

UCT upper critical temperature

WC(s) welfare consequence(s)

WG Working Group

WOAH World Organisation for Animal Heath
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APPENDIX A

Protocol

The methodology described herein (Tables A.1-A.6) adhere to the Methodological guidance for the development of animal welfare mandates in the context of the Farm to Fork
Strategy (EFSA AHAW Panel, 2022a) and the Guidance on risk assessment of animal welfare (EFSA AHAW Panel, 2012a).

TABLE A.1 Problem formulation (APRIO-Agent-Pathway-Receptor-Intervention-Output) for the assessment questions related to ToR 2(a-e).

Number as
appeared in Lower or higher order
the mandate Mandate element Agent Pathway Receptor Intervention Output sub- questions
ToR 2 ToR 2a. Welfare Flooring (quality) The theoretical Suckler calves, suckler The measures Assessing the What are the current practices?
assessment of Space allowance relationship between cows/heifers, to prevent effect of the What are the welfare consequences
housing conditions ~ Water access (Number the agents listed fattening cattle or mitigate intervention(s) for each of the agents (i.e.
for beef cattle of drinkers etc) and the welfare and breeding the welfare on welfare practices/hazards)?
Nutrition and feeding consequences bulls. consequences consequence(s) What are the ABMs (definition,
High environmental interpretation, feasibility,
temperatures sensitivity and specificity) useful
Lack of environmental for detecting and monitoring each
enrichment we?
Lack of outdoor access What are the interventions, to
Mixing of cattle prevent or mitigate the welfare

consequences, and what is their
effect on the WCs experienced by
the animals?

Some examples of hazards/practices
are: hard flooring, slippery
flooring, lack of space, restricted
water access, high environmental
temperatures, lack of brushes,
lack of access to a loafing area, an
frequent mixing.

TOR 2b. Welfare of Cold, wind, rain Some examples of hazards/practices
fattening cattle and underfoot are: space allowance; shelter for
kept at grass conditions fattening cattle on pasture;

Nutrition and feeding
Water access

TOR 2c. Weaning of suckler Some examples of hazards/practices

The risk to the calves are: weaning method(s), timing of
welfare of suckler weaning relative to housing

cows and calves
associated with the
weaning of suckler
calves.
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TABLE A.1 (Continued)

Number as
appeared in
the mandate Mandate element Agent Pathway Receptor Intervention Output
TOR 2d. Castration
The risk to welfare Disbudding
associated with Dehorning
the mutilation of Tail docking
cattle.
TOR 2e. Hypermuscularity
The risk to welfare Dystocia and
associated caesarean sections
with breeding Polledness
strategies and Maternal ability
genetics. Temperament

Lower or higher order
sub- questions

Age of calves, provision of pain relief
and anaesthesia and method of
castration; age of calves, provision
of pain relief and anaesthesia,
concurrent castration and
methods for disbudding; age of
animals, provision of pain relief
and of anaesthesia and method
of dehorning; age of animals,
provision of pain relief and of
anaesthesia for tail docking.

TABLE A.2 Theapproach for conducting the assessment relating to ToR 2 (a-e).

ToR 2 (a-e) Sub question Evidence needed Data Collection
What are (and briefly describe) the current A brief description of each practice. For ToR 2a (housing conditions) the EFSA experts will identify
practices? and briefly describe the housing systems and husbandry

practices, using expert knowledge and citing literature
where appropriate. This will allow the EFSA experts to
conduct the welfare risk assessment on this topic. A
description of housing systems will also be delivered via
ToR 1 (Article 31: a request for a technical report describing
housing systems and husbandry practices). Sources of data
include survey/interviews, review reports and other grey
literature (including reputable websites) and peer-reviewed
literature if necessary. When the draft technical report
from ToR 1 is available to the EFSA experts, more detail

or practices not previously identified, relating to current
housing practices may be incorporated into the Scientific
Opinion.

For ToRs 2 a—e current practices will be based on expert
knowledge supported by citations to literature where
necessary. For areas where expert knowledge is insufficient
a literature review (grey literature and if necessary, peer-
reviewed literature) will be conducted.

Assessment methods to be used

Qualitative description of the most
relevant practices

(Continues)
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TABLE A.2 (Continued)
ToR 2 (a-e) Sub question Evidence needed Data Collection Assessment methods to be used
What are the welfare consequences for The mandate requests the identification of The identification of the highly relevant WCs is executed A short list of the most highly
each of agents (i.e. practices/ hazards)? the highly relevant (i.e. most important) via expert opinion. The opinion of the EFSA experts is relevant welfare consequences
welfare consequences for each of the elicited through an exercise of individual classification of for each of the defined practices
defined practices or hazards. welfare consequences (considering severity, prevalence or hazards is produced.
and duration) in terms of relevance followed by group
discussion to identify the highly relevant WC by consensus.
What are the ABMs useful for detecting Evidence that the ABMs allow detecting Expert opinion and scientific literature (including recent EFSA The ABM:s for the identification and
and monitoring each WC? and monitoring of the highly relevant opinions) monitoring of the highly relevant
WCs previously identified. To include welfare consequences (previously
definition, interpretation, feasibility, identified) are described.
sensitivity and specificity
What are the interventions, to prevent or A demonstration or description of the A literature review connecting the hazard/agents to the WC via The effect of the interventions will
mitigate the welfare consequences, effect of the interventions on the most the ABM and if needed expert opinion be described using narrative text,
and what is their effect on the WCs relevant WCs (previously selected) as figures and tables as appropriate.
experienced by the animals (i.e. monitored by the ABMs (previously
minimum space allowance)? identified).
TABLE A.3 Problem formulation (APRIO-Agent-Pathway-Receptor-Intervention-Output) for the assessment questions related to ToR 2(f).
Number as
appeared in Lower or higher order
the mandate Mandate element Agent Pathway Receptor Intervention Output sub-questions
ToR 2 ToR 2f. Further farming of The relationship Cull dairy and Killing of the A set of criteria indicating What are the animal welfare criteria
Decision making criteria for acow in a poor between the agent beef cows cull cow the level of welfare indicating whether a cull cow

the euthanasia of end of
career dairy and suckler
cows that are kept for
beef production.

welfare condition

listed and the welfare
consequences

should be killed or fattened?

What are the animal welfare criteria
indicating whether a cull cow
should be transported or killed
on farm?

impairment facilitating
the decisions:

(A) should the cull cow be
killed or fattened

(B) is the cull cow fit to be
transported or should it
be killed on farm.

TABLE A.4 Theapproach for conducting the assessment relating to ToR 2(f).

ToR 2 (f)

Sub question

What are the animal welfare criteria indicating
whether a cull cow should be killed or
fattened?

What are the animal welfare criteria indicating
whether a cull cow should be transported or
killed on farm?

Evidence needed

Evidence of welfare state that renders a cull
cow unfit for further fattening (i.e. cause
unnecessary suffering)

Evidence of welfare state that renders a cull cow
unfit for transport

Data collection

Literature review and expert opinion

Literature review and expert opinion

Assessment methods to be used

Identify the relevant ABMs and assess the severity level
for each.

Identify the relevant ABMs and assess the severity level
for each.
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TABLE A.5 Problem formulation (APRIO-Agent-Pathway-Receptor-Intervention-Output) for the assessment questions related to TOR 3.

Number as

appeared in the

mandate Mandate element

ToR 3 The assessment of animal-

based measures collected in
slaughterhouses to monitor the
level of animal welfare on farm

for fattening cattle.

Agent Pathway

N/A The theoretical relationship
between the ABMs
and the welfare
consequences

Receptor Intervention Output

Fattening cattle N/A

A list of ABMs, to be collected at
an abattoir/slaughterhouse,
indicative of animal welfare on
farm for fattening cattle.

Lower or higher order
sub-questions

What are the ABMs, to be
collected at an abattoir/
slaughterhouse, indicative of
the level of animal welfare on
farm for fattening cattle.

TABLE A.6 Theapproach for conducting the assessment relating to ToR 3.

TOR3 Sub question

What are the ABMs, to be collected
at an abattoir/slaughterhouse,
indicative of the level of animal
welfare on farm for fattening
cattle.

Evidence needed

Evidence of the relationship

between ABMs collected at a
slaughterhouse with the level
of animal welfare on farm for
fattening cattle.

Data Collection

A proposed list of ABMs (ante-mortem and post- mortem)
and their descriptions have already been identified by
EFSA experts based on the existing literature (Welfare
Quality, 2023a; EFSA AHAW Panel, 2012).

To gather information on the use of the ABMs in the
proposed list, the ABMs were discussed by the EFSA
AHAW network at the annual network meeting
(EFSA, 2023).

Assessment methods to be used

From the ABMs already identified (see data collection)

a semi-quantitative consensus exercise and
literature review will be carried out to identify
those ABMs that could best represent the level of
animal welfare on farm for fattening cattle. The
exercise consists of two steps: (i) Screening of
ABMs; (i) Selection of ABMs. Screening is carried
out per each ABM considering relevance to

animal welfare, relationship with on-farm welfare,
existing data or literature, feasibility for large scale
collection. Selection will be based on the welfare
consequences associated the ABM, if the ABM is
already used at slaughter, priority given from EFSA
network and technology readiness.
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APPENDIX B
Uncertainty assessment

B.1 | SOURCES OF UNCERTAINTY

The sources of uncertainty relevant to this Scientific Opinion generally relate to study external and internal validity. External validity is limited because of high variability between
production systems and housing practices in different regions of the European Union. This means that the results from one particular study may not be generalisable to other farms,
areas or countries. Internal validity may be limited because some studies are small, cross-sectional, may not have fully controlled for potential confounders and the measures used
are rarely standardised. In this case, there is a low degree of certainty that causal relationships proposed are true effects. Additional research studies using robust study designs to

WwoJj popeo|umoq ‘. ‘SZ0e ‘ZELYTERT

establish causal relationships would be needed to provide unequivocal evidence of the impact of housing practices on beef welfare (see Table B.1 below).

TABLE B.1 Sources of uncertainty and their potential impact on the welfare assessment outcomes.

Topic

Identification and description of the common
housing practices

Assessment of welfare consequences
(prevalence, severity, duration), ABMs and
preventive measures

Sources of uncertainty

Large regional differences
Variations between production systems (e.g. breeds, slaughter weight)
Large variability within a system

Regional differences (e.g. heat stress is more prevalent in southern regions) and
diverse husbandry practices across regions

Very limited data on prevalence of welfare consequences

Scarcity of published evidence, which required extrapolation from other cattle
categories (e.g. dairy or calves) or species (e.g. pigs) in some cases

The selection of the highly relevant welfare consequences was done through
group discussion and could vary slightly if the composition of the working
group was diffcerent.

Literature search characteristics (e.g. search performed mainly in the English
language; not all synonyms may have been used in search terms; only one
main database used (Web of Science - core collection) although the search
was complemented with manual searches of the literature; grey literature
not extensively searched)

Impact on the assessment

Possible limited generalisability of the description of housing practices.

Some of this uncertainty was reduced due to information on husbandry practices
in different EU Member states provided by stakeholders through the EFSA
Public call for evidence (December 2023-January 2024).

Due to the sources of uncertainty listed, the number of relevant welfare
consequences, ABMs may have been underestimated or overestimated.
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B.2 | UNCERTAINTY ASSESSMENT OF CONCLUSIONS

As explained in the methodology section, the uncertainty relating to key conclusions was assessed through expert opinion. Working group experts were asked to provide their in-
dividual judgement on the certainty for each key conclusion according to three predefined certainty ‘ranges’ (Table 2, EFSA, 2019). A ‘key’ conclusion was defined as any conclusion
containing elements that could potentially inform legislation on the welfare of beef cattle. For instance, a listing of WCs associated with lack of water access was not considered a key
conclusion, but a conclusion on water availability and amounts to prevent prolonged thirst was. Group discussion took place during which experts had the opportunity to explain
the rationale behind their judgement, and a consensus on the category better reflecting the overall certainty was reached (see Table B.2 below).

259017 SUOLULIOD SATER.I0 211 U A POUBAOB 9.2 SIPILE O 38N JO SDIN1 10 ARIIT BUIO 31 U0



WELFARE OF BEEF CATTLE

169 of 195

TABLE B.2

Water access

3

Uncertainty assessment of conclusions on housing.

Conclusions

Nipple drinkers typically have low flow rates and do not
allow natural drinking behaviour.

Competition for water increases leading to group stress
particularly for subordinate cattle, when availability
is restricted due to limited water flow, drinker size or
number of drinkers. This can reduce water intake and
increase the risk of injuries.

For dairy cows, a minimal drinking places: animals ratio of
one drinker per 10 cows or 6 cm of water trough space
per cow is required to meet both their behavioural and
physiological needs throughout summer and winter.
Although specific data for beef cattle are lacking, this
ratio is expected to suffice, given that dairy cows at the
peak of lactation have higher water demands than beef
cattle.

Providing drinkers away from the lying area improves
accessibility of drinkers.

Reduced growth performance is associated with the
ingestion of water contaminated with faeces containing
elevated levels of pathogenic bacteria.

Flooring - types of flooring, bedding and resting areas

5

CSFs cause animals to change their normal lying down
and standing up movements. This results in more time
standing on CSFs than in RMs or bedded floors.

The risk of lameness is higher on CSFs than on bedded floors
due to the hard slippery floors and gaps between the
slats.

Resting problems are more frequent in CSFs and RMs
compared to bedded floors with clean bedding.

Uncertainty question

How certain are you that the proportion of beef cattle able
to express natural drinking behaviour is lower when
water is provided through nipple drinkers compared to
water provided in troughs or bowls?

How certain are you that the proportion of beef cattle
experiencing reduced water intake and injuries due to
competition for accessing water is increased the more
water availability is limited (water flow, drinker size or
number of drinkers)?

How certain are you that the proportion of beef cattle
meeting their behavioural and physiological needs
throughout summer and winter is greater when they are
provided with a minimal drinking places: animal ratio of
one drinker per 10 animals or 6 cm of water trough space
per animal than when provided with less water access?

How certain are you that the proportion of beef cattle
having accessibility of drinkers is greater when providing
drinkers outside the lying area than when they are not?

How certain are you that the proportion of beef cattle
experiencing reduced growth is lower if the animals
ingest non-contaminated water than if they ingest water
contaminated with high levels of pathogenic bacteria?

How certain are you that the proportion of beef cattle
experiencing a reduction in time standing (as a result
of change in their normal lying down and standing up
movements) is greater if animals are housed on bedded
floors than if they are housed on CSFs?

How certain are you that the proportion of beef cattle
exposed to the risk of experiencing lameness is lower
if animals are housed on bedded floors than if they are
housed on CSFs due to hard and slippery floors and the
gaps between the slats?

How certain are you that the proportion of beef cattle
experiencing resting problems is lower if animals are
housed on bedded floors with clean bedding than when
they are housed on CSFs and RMs?

Certainty
range

>90%

>90%

>66%

>66%

>90%

>90%

>90%

>90%

Reasoning for low certainty

Insufficient scientific evidence specifically on
beef cattle. The information available was
extrapolated from dairy cows.

Potential conflicts between accessibility of
drinkers and feeding area. Lack of studies on
effects on water accessibility depending on
specific position of drinkers.

(Continues)
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TABLE B.2 (Continued)

N. Conclusions

8 In addition to allowing comfortable resting, clean straw
bedding provides an opportunity to ingest fibre, chew
and ruminate.

9 The risk of slipping and injury is higher on CSFs compared to
RMs and bedded floors.
10 Restriction of movement due to slippery floors is mitigated

by overlaying CSFs with rubber mats. The positive effect
of RMs is more pronounced in heavier than in lighter
cattle.

1 RM improve the resting of beef cattle compared to CSFs. The
frequency of lying down interruptions or deviations from
the normal getting up and lying down movements is
lower on RMs compared to CSFs.

12 While rubber mats improve traction they do not provide as
comfortable a lying area as straw bedding and cannot be
considered equivalent to straw bedding.

13 RM with low abrasiveness can lead to an increase in the
occurrence of overgrown claws compared to CSFs.

14 Cleanliness of flooring is an important factor in claw health
in terms of infectious diseases and slipperiness of
flooring surfaces. If concrete slatted floors are covered
with rubber mats, the drainage area/void space may be
reduced, leading to increased soiling.

15 The prevalence of skin lesions on the limbs and the tail is
greater in cattle housed on CSFs compared to RMs and
bedded floors.

Uncertainty question

How certain are you that clean straw bedding provides
an additional opportunity to ingest fibre, chew and
ruminate compared to flooring systems with no or soiled
bedding?

How certain are you that the proportion of beef cattle
experiencing slipping and injuries is lower if they are
housed on rubber mats and bedded floors than if they
are housed on CSFs?

(1) How certain are you that the proportion of beef cattle
experiencing restriction of movements is lower if animals
are housed on CSFs overlayed with rubber mats than if
they are housed on bare CSFs?

(2) How certain are you that the positive effect of rubber
mats is more pronounced in heavier than in lighter
cattle?

How certain are you that the frequency of lying down
interruptions or deviations from the normal getting up
and lying down movements is lower if beef cattle are
housed on rubber coated floors compared to CSFs?

How certain are you that rubber mats improve traction
but provide less lying comfort than straw bedding, and
therefore cannot be considered equivalent to it?

How certain are you that the proportion of beef cattle
experiencing overgrown claws at the toe level is lower if
animals are housed on concrete flooring systems than if
they are housed on rubber mats?

(1) How certain are you that the proportion of beef cattle
experiencing infectious claw disorders and slipping
events is higher if animals are housed on soiled floors
than if they are housed on clean flooring surfaces?

(2) How certain are you that the proportion of beef cattle
experiencing infectious claw disorders and slipping
events is lower if animals are housed on adequately
cleaned slatted floors than when not regularly cleaned,
particularly when covered with rubber mats?

How certain are you that the proportion of beef cattle
experiencing skin lesions on the limbs and the tail is
reduced if animals are housed on RMs and bedded floors
than if they are housed on CSFs?

Certainty
range

>90%

>90%

1:>90%
2:>90%

>90%

>90%

>90%

1:>90%
2:>90%

>90%

Reasoning for low certainty

WwoJj popeo|umoq ‘. ‘SZ0e ‘ZELYTERT

0 AQ 8156'SZ02 &SR [/E062 OT/10P/W0D'

D) PUe swid | aY) 385 *[5202/20/TE] uo ARigiT auIuo A2)IM

form

P

It

259017 SUOLULIOD SATER.I0 211 U A POUBAOB 9.2 SIPILE O 38N JO SDIN1 10 ARIIT BUIO 31 U0



WELFARE OF BEEF CATTLE

171 of 195

TABLE B.2 (Continued)
N. Conclusions
16 Due to the higher flooring traction, more sexual and comfort

behaviour is shown in animals housed on RMs and
bedded floors compared to CSFs.

Nutrition and feeding strategies

4 Feeding less grain (starch) and more structured fibre
(peNDF) is the main mitigation strategy against SARA.

5 Increasing proportions of readily fermentable starch in the
diet increase the risk of hoof problems as secondary
consequences of subacute or acute ruminal and hind gut
acidosis conditions.

7 Compared to yeast and phytogenic compounds, mineral
buffers are more effective against rumen acidosis
resulting from the ingestion of too much concentrate
feeding. These compounds have only a modulatory
effect on the fermentation process of the ruminal
microbiome. No feed additive can compensate for an
inadequate feeding management.

8 As beef cattle are typically fed forage-based diets before
transfer to the fattening farms, a gradual increase from
forage-based to concentrate-based diets during the early
fattening period at fattening farms is crucial to prevent
gastro-enteric disorders.

9 Ad libitum feeding with a constant availability of feed in the
manger mitigates group stress and reduces the risk of
prolonged hunger.

10 Competition and aggressive interactions in the feeding areas
are lowered by the provision of a space at the manger
sufficient to allow the simultaneous presence of all group
mates.

Uncertainty question

How certain are you that animals housed on RMs and
bedded floors experience more sexual and comfort
behaviours than those housed on CSFs, due to higher
flooring traction?

How certain are you that the proportion of beef cattle
experiencing SARA is lower if the animals are fed with
more structured fibre (peNDF) and less grain (starch)?

How certain are you that the proportion of beef cattle
experiencing hoof problems as secondary consequences
of subacute or acute ruminal and hind gut acidosis
conditions is higher with increasing proportions of
readily fermentable starch in the diet?

(1) How certain are you that a lower proportion of beef cattle
will experience SARA when mineral buffers are provided
to them compared to when other feed additives such as
yeast and phytogenic compounds are provided?

(2) How certain are you that yeast and phytogenic
compounds have only a modulatory effect on the
fermentation process of the ruminal microbiome?

(3) How certain are you that independently from the type of
feed additives such measures cannot compensate for an
inadequate feeding management?

How certain are you that the proportion of beef cattle
in early finishing period experiencing gastro-enteric
disorders is lower when they are fed with a gradual
increase from forage-based to concentrate-based diets
than when they experience an abrupt change on diet?

How certain are you that the proportion of beef cattle
experiencing group stress and prolonged hunger will be
reduced when food is given ad libitum?

How certain are you that beef cattle will experience less
competition and aggressive interactions when provided
with a space at the manger that is sufficient to allow
simultaneous presence of all group mates than when
being overstocked at the manger?

Certainty

range Reasoning for low certainty

>90%

>90%

>90%

1:>90%
2:>50%
3:>90%

(2) There is only limited evidence on the

>90%

>90%

>90%

modulatory effect of these compounds

(Continues)
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TABLE B.2 (Continued)
Certainty

N. Conclusions Uncertainty question range Reasoning for low certainty

1 High-concentrate diets reduce chewing and rumination time ~ How certain are you that the proportion of beef cattle >90%
compared to predominantly forage-based diets, and lead experiencing lower stereotypical oral behaviours (e.g.
to stereotypic oral behaviours such as non-nutritive oral non-nutritive oral manipulation, tongue flicks or rolling)
manipulation, tongue flicks and tongue rolling. is greater when they are fed with predominantly forage-

based diets than when they are fed with high-grain
diets?

12 The ingestion of mouldy feeds increases the risk of impaired How certain are you that the proportion of beef cattle >90%
locomotion that results from a mycotoxin-induced experiencing impaired locomotion is lower if animals
immune suppression. ingest non-mouldy feeds than if they ingest mouldy

feed?

High environmental temperatures

4 Heat stress is likely to start when temperatures exceed the How certain are you that the proportion of beef cattle >66% Other factors such as solar radiation, wind speed
upper boundary of the thermal comfort zone (TCZ) experiencing heat stress increases when temperatures and access to shade affect the risk of heat
but there are no precise estimates of such threshold exceed the upper critical temperature threshold (~24- stress
for cattle. The risk of heat stress increases when 26°C) compared to when temperatures remain lower?
temperatures exceed the upper critical temperature
(UCT) threshold (~24-26°C).

6 Water demand under high environmental temperatures (1) How certain are you that the proportion of beef cattle 1:>50% (1) Limited scientific evidence (one paper on
increases up to double of baseline needs. Increasing experiencing a reduction in heat load is higher when 2:>90% beef cattle with small sample size and not
the fat content in the diet is a strategy to reduce the they are fed with high-fat content diets compared to significant results, some evidence on dairy
heat load but is insufficient under high environmental diets with lower fat content? cattle).
temperatures. (2) How certain are you that high-fat content diets used as

the only strategy to mitigate heat is insufficient to reduce
the heat load in beef cattle under high environmental
temperature conditions?

7 Sprinklers are an effective cooling system as long as air (1) How certain are you that under hot environmental 1:>90% (2) Insufficient scientific evidence in beef cattle,
humidity is not too high, but optimum placement and conditions the proportion of beef cattle experiencing 2:>66% proven to be effective in other species.
usage frequency has not yet been determined. Misters effective cooling is higher when sprinklers are used and 3:>90%

are an effective cooling system to be used in beef cattle
farming, as long as air humidity is not too high and when
the water droplets size is small enough to evaporate and
the air movement is not too high. The use of sprinklers
and misters in the bedded lying area carries the risks to
increase the moisture of the bedding material leading to
negative welfare consequences.

air humidity is low, compared to when air humidity is
high?

(2) How certain are you that under hot environmental
conditions the proportion of beef cattle experiencing
effective cooling is higher when misters are used in
conditions of low air humidity, small droplet size and
moderate air movement, compared to when these
conditions are not met?

(3) How certain are you that the use of sprinklers or misters
in the bedded lying area increases the proportion of
cattle exposed to higher bedding moisture levels and
subsequent negative welfare consequences, compared
to when these systems are used outside the bedded
area?

WwoJj popeo|umoq ‘. ‘SZ0e ‘ZELYTERT

0 AQ 8156'SZ02 &SR [/E062 OT/10P/W0D'

0 PUR SWR L 34} 295 *[5202/20/TE] Uo ARigriauiuo Aeiim

form

P

It

259017 SUOLULIOD SATER.I0 211 U A POUBAOB 9.2 SIPILE O 38N JO SDIN1 10 ARIIT BUIO 31 U0



WELFARE OF BEEF CATTLE 173 of 195

TABLE B.2 (Continued)

enriches the environment of beef cattle, allowing more
behavioural freedom and better adaptation to individual
physiological needs. However, more research is needed
on the welfare effects of free-choice feeding in intensive
systems, with particular focus on the risks of metabolic
disorders.

experiencing more behavioural freedom and better
adaptation to individual physiological need is greater
if animals are provided with the opportunity to choose

between different components of the diets compared to

situations where diet choice is limited or not provided?

Certainty
N. Conclusions Uncertainty question range Reasoning for low certainty
8 The use of fans under hot environmental conditions reduces (1) How certain are you that the proportion of beef cattle 1:>90%
heat stress. Additionally, it keeps the bedding material experiencing reduced heat stress is higher when fansare ~ 2:>90%
drier promoting better cattle comfort. Further research used under hot environmental conditions compared to
is needed on type of fan design and fan placement that when fans are not used?
minimise air recirculation and maximise ventilation in (2) How certain are you that the use of fans contributes to
beef cattle farming. drier bedding conditions and improved cattle comfort
compared to environments where fans are not used?
Lack of environmental enrichment
3 Environmental enrichment in general reduces sensory (1) How certain are you that the proportion of beef cattle 1:>90%
understimulation and leads to increased activity. experiencing sensory understimulation is lower if their 2:>90%
environment is provided with enrichment materials
compared to situations where no enrichment is
provided?
(2) How certain are you that the proportion of beef cattle
experiencing increased activity is greater if their
environment is provided with enrichment materials
compared to situations where no enrichment is
provided?

Abnormal behaviour like tongue rolling and excessive (1) How certain are you that the proportion of beef 1:>90% (3) Evidence from dairy studies on brush use
oral manipulation of inanimate objects occurs more cattle experiencing tongue rolling and excessive oral 2:>90% available but limited beef studies on brush use
frequently in intensive beef systems with high- manipulation of inanimate objects is lower in animals 3:>66% exist
concentrate diets than in pasture systems. Enrichment of kept in pasture systems than in those kept in intensive
intensive systems with long fibrous organic manipulable systems and fed with high-concentrate diets?
material that can be ingested, such as roughage, leads (2) How certain are you that the proportion of beef cattle
to a reduction of these behaviours. The provision of experiencing abnormal oral behaviour in intensive
brushes as enrichment also contributes to a reduction of systems is lower if long fibrous organic manipulable
abnormal oral behaviour. material that can be ingested (e.g. roughage) are

provided as enrichment compared to situations where
no enrichment is provided?
(3) How certain are you that the proportion of beef cattle
experiencing abnormal oral behaviour in intensive
systems is lower if brushes are provided as enrichment
compared to situations where no enrichment is
provided?
Free choice between different components of the diet also How certain are you that the proportion of beef cattle >90%

(Continues)
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TABLE B.2 (Continued)

N. Conclusions

7 Exploration for the purpose of information gathering allows
the experience of positive emotions and is stimulated
also by non-organic enrichment material, although these
effects are linked to the degree of novelty, which call for
frequently changing stimuli.

8 Beef cattle have a high motivation to use brushes or rubbing
objects for comfort behaviour, which induces positive
emotions and alleviates stress and soiling.

9 The provision of brushes can further help to reduce agonistic
interaction and thus group stress, although more
research is needed to confirm this effect. Insufficient
knowledge is also available on the possible effects of the
provision of brushes on mounting behaviour.

10 The simultaneous provision of different enrichment objects
that target different behavioural motivations has a
greater overall effect on activity levels than single
enrichments, but to date this has not been addressed in
adult cattle research.

1 Limited access to enrichment objects or rapidly diminishing
material increases social competition. Research is
necessary on a minimum number of enrichment devices
in relation to the number of animals.

12 Very limited research has yet explicitly addressed the effects
of environmental enrichment on play behaviour in beef
cattle, but the provision of novel objects promotes play.

Lack of outdoor access

3 Outdoor conditions provide more environmental complexity
and changing sensory stimulation (e.g. sunlight, wind,
rain or olfactory stimuli) than indoor conditions. While
very little research is available on the importance of
such stimulation to beef cattle, in general, free choice
between different environmental conditions lowers the
risk of sensory understimulation.

4 Outdoor access that includes pasture promotes exploration
and foraging behaviour.

Uncertainty question

How certain are you that the proportion of beef cattle
experiencing positive emotions through exploration
is higher when cattle are provided with non-organic
enrichment materials, compared to when no enrichment
is provided?

How certain are you that the proportion of beef cattle
experiencing positive emotions and reduced stress and
soiling is higher when provided with brushes or rubbing
objects, compared to situations where such enrichment
materials are not available?

How certain are you that the proportion of beef cattle
experiencing group stress through higher agonistic
interactions is reduced if animals are provided with
brushes than if they are not?

How certain are you that the proportion of beef cattle
experiencing higher overall activity levels is greater
when different enrichment objects are provided
simultaneously compared to when any single
enrichments are offered?

How certain are you that the proportion of beef cattle
experiencing social competition is greater when there
is limited access to enrichment objects or rapidly
diminishing material, compared to situations where
sufficient numbers of enrichment devices are provided
per animal?

How certain are you that the proportion of beef cattle
engaging in play behaviour is higher when animals are
provided with novel objects, compared to situations
where they are not?

How certain are you that the proportion of beef cattle
experiencing the sensory understimulation is lower
when animals are provided with free choice between
different environmental conditions, compared to
situations where such freedom of choice is restricted or
not provided??

How certain are you that the proportion of beef cattle
engaging in exploration and foraging behaviours is
higher when animals are provided with outdoor access
including pasture, compared to when they are not?

Certainty
range

>90%

>90%

>66%

>66%

>90%

>66%

>90%

>90%

Reasoning for low certainty

Evidence from dairy studies on brush use available
but limited research on beef

Research on simultaneous provision of enrichment
limited to calves

Evidence on play behaviour in adult animals from
dairy studies is available, but limited beef
studies
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TABLE B.2

(Continued)

Conclusions

Freely accessible outdoor loafing areas with well-managed
underfoot conditions provide enlarged space and
opportunity for locomotion and play.

An easily accessible outdoor loafing area allows lower-
ranking individuals in particular to withdraw and avoid
unwanted interactions with dominant individuals,
thereby helping to reduce group stress.

A shaded outdoor area next to the barn provides cattle the
opportunity to move outside if inside conditions are too
hot or humid, mitigating heat stress.

Mixing of cattle

6

Mixing animals that have met before leads to fewer agonistic
interactions.

Animals with previous experiences of mixing are less
disturbed by regrouping.

Mixing animals at a young age results in fewer agonistic
interactions than in more mature subjects.

Agonistic and sexual interactions immediately following
mixing are less frequent between bulls of heterogeneous
body weight than between bulls of homogeneous
weight. There are currently no grounds to suggest that
homogeneous weights at the beginning of fattening are
beneficial to minimise agonistic and sexual behaviour.

Higher space allowance, increased manger space, ad libitum
feeding and easy access to feeders and drinkers reduce
social stress in new groups of cattle after mixing.

Uncertainty question

How certain are you that the proportion of beef cattle
engaging more in locomotion-related behaviours is
higher when animals are provided with additional
outdoor areas compared to all indoor systems?

How certain are you that the proportion of beef cattle
experiencing group stress is lower when animals are
provided with an easily accessible additional outside area
adjacent to the barn compared to situations where such
an area is not available?

How certain are you that the proportion of beef cattle
experiencing heat stress is lower when animals are
provided with a shaded area outside next to the barn
when it is too hot or humid inside compared to situations
where such a loafing area is not provided?

How certain are you that the proportion of beef cattle
experiencing agonistic interactions after mixing is lower
when mixing is performed among animals that have
previously met compared to animals that have not met
before?

How certain are you that the proportion of beef cattle
experiencing stress at regrouping is lower when the
animals have had previous experience of mixing
compared to animals that never had experience of
mixing?

How certain are you that the proportion of beef cattle
experiencing agonistic interactions after mixing is lower
when animals are mixed at a young age compared to
when more mature subjects are mixed?

How certain are you that the proportion of beef cattle
experiencing agonistic and sexual interactions is lower
between bulls of heterogeneous body weight compared
to bulls of homogeneous body weight?

How certain are you that the proportion of beef cattle
experiencing social stress in groups after mixing is lower
when animals are provided with more space and lower
competition for food compared to situations where
space is limited and food competition is higher?

Certainty
range

>90%

>90%

>66%

>66%

>66%

>90%

>66%

>90%

Reasoning for low certainty

No studies specifically investigating this but highly
plausible hypothesis

Evidence from heifers only

Evidence from heifers only

Conclusion based on a study only (Mounier
et al., 2005)

(Continues)
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TABLE B.2 (Continued)
Certainty
N. Conclusions Uncertainty question range Reasoning for low certainty
12 Mixing animals from different farms contributes to higher How certain are you that the proportion of beef cattle >90%
respiratory disease prevalence due to a mix of different experiencing respiratory disease is lower when mixing
microbiomes and the social stress. is performed between animals from the same farm,
compared to when animals from different farms are
mixed?
13 Mixing is frequently associated with aggressive interactions, How certain are you that the proportion of beef cattle >90%
which increase the risk of integument damage and bone experiencing integument damage or bone lesions after
lesions. The risk of injuries is higher in horned cattle, even mixing is higher in horned cows compared to hornless
though physical interactions appear to be less frequent cows?
than between hornless cattle.
Minimum space allowance
3 There is little research on the effects of space allowance >6 How certain are you that the proportion of beef cattle >90%
m?/animal on the welfare of housed cattle, but providing showing increased lying time, higher inter-individual
larger space allowances generally increases lying time spacing and more movements increases with increasing
and allows for more inter-individual spacing, as well as space allowance?
more movement opportunities.
4 An increase in space allowance up to 4 m?/animal is not How certain are you that an increase in space allowance >66% Some of the studies not finding a decrease in
associated with a reduction in aggressive behaviour. up to 4 m?/animal is not associated with a reduction in agonistic behaviour up to 42/m have a low
There is not sufficient evidence on the exact space aggressive behaviour? sample size.
allowance value above which a reduction in aggressive
behaviour is observed.
Welfare of cattle kept on pasture
3 The likelihood of experiencing cold stress depends on How certain are you that the proportion of cattle >90%
external factors such as temperature, rain and wind, as experiencing cold stress varies depending on external
well as on fat and coat coverage, size and acclimatisation. factors such as temperature, rain and wind, as well as fat
and coat coverage, size and acclimatisation?
4 Outwintered cattle exposed to low temperatures, especially How certain are you that outwintered cattle increase >90%
in combination with rain or wind, increasingly use shelter standing time, reduce lying time and reduce eating when
and eat more. If shelter is insufficient and lying area is not shelter is insufficient and lying area is not dry?
dry, cattle increase standing time, reduce lying time and
reduce eating when this behaviour increases the risk of
cold stress.
5 Cattle prefer natural over artificial shelter when available. How certain are you that cattle prefer natural over artificial >66% It depends on the type and effectiveness of
shelter? shelter. Limited scientific evidence.
6 Cold stress is likely to start when temperatures fall below How certain are you that the LCT for adult cattle ininclement ~ >66% It may depend on other factors such as

the lower boundary of the thermal comfort zone (TCZ)
but there are no precise estimates of such threshold
for cattle. The risk of cold stress increases when
temperatures fall below the low critical temperature
(LCT) threshold. For adult cattle in inclement weather,
the LCT is approximately 0°C and in still, dry conditions
between —10° and -21°.

weather is approximately 0°C and in still, dry conditions is
between —10° and -21°?

acclimatisation and breed effects (e.g. coat
length).
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TABLE B.2

(Continued)

Conclusions

Lying is a important behaviour for resting and rumination
and is reduced when the ground is wet and/or muddy.
There is limited information about the impact of muddy
pastures on lameness in beef cattle.

Poor weather and ground conditions present a challenge in
ensuring sufficient monitoring of outwintered animals,
increasing their risk of welfare consequences when
problems arise.

Hazards related to grazing are nutrient deficiencies
(especially trace minerals), parasitic and metabolic
diseases, and intoxications.

Cattle on pasture, especially in extensive settings, are at
higher risk of handling stress when not habituated to
such human interactions.

Cattle in barren grazing paddocks benefit from trees
or brushes and other natural or artificial grooming
opportunities.

During times of high heat load, cattle at pasture are at risk of
heat stress especially when no shade is available.

Welfare of cattle in outdoor feedlots

2

The duration of lying is reduced and cattle movement
impeded when pen surface is muddy.

Muddy conditions increase the risk of lameness mainly due
to infections.

The risk of dust-related respiratory disorders caused is
increased when the soil moisture is low (less than ~25%).

Access to palatable, clean and safe water is necessary at all
times to prevent thirst and group stress, and to mitigate
heat stress, especially during high environmental
temperatures.

Under high environmental temperatures, the lack of
sufficiently large shaded area for use by all animals
increases the risk of heat stress.

Uncertainty question

(1) How certain are you that the duration spent lying shown
by beef cattle is reduced when the ground is wet or
muddy, compared to when it is not?

(2) How certain are you that muddy pasture contributes to
lameness in beef cattle?

How certain are you that the increased difficulty in
monitoring outwintered cattle due to poor weather leads
to a higher risk of suffering when problem arise?

How certain are you that grazing is associated with hazards
such as nutrient deficiencies (especially trace minerals) as
well as parasitic, metabolic and intoxications?

How certain are you that cattle on pasture in extensive
systems are at higher risk to experience handling stress
when they are not habituated to human interactions?

How certain are you that cattle in barren grazing paddocks
benefit from natural or artificial grooming opportunities
and other enrichments?

How certain are you that cattle at pasture experience heat
stress especially when no shade is available during times
of high heat load?

How certain are you that lying and locomotion behaviour
are reduced when the pen surface is muddy compared to
when it is dry?

How certain are you that muddy feedlot conditions increase
the risk of infectious lameness in cattle compared to dry
conditions?

How certain are you that the proportion of beef cattle
developing dust-related respiratory disorders is higher
when soil moisture is low (e.g. less than ~25%)?

How certain are you that the risk of thirst, group stress and
heat stress in beef cattle in outdoor feedlots is increase
under high environmental temperatures?

How certain are you that the proportion of feedlot cattle
experiencing heat stress is lower when they are provided
with a sufficiently large shaded area for use by all
animals?

Certainty
range

1:>90%
2:>90%

>90%

>90%

>90%

>90%

>90%

>90%

>90%

>66%

>90%

>90%

Reasoning for low certainty

It is supported by only a single study
(Sweeten, 1982) and the presence of additional
influencing factors cannot be excluded.

(Continues)

WwoJj popeo|umoq ‘. ‘SZ0e ‘ZELYTERT

0 AQ 8156'SZ02 &SR [/E062 OT/10P/W0D'

0 PUe SWB | 3U) 39S *[5202/20/TE] U0 AR1q1T8UIUO 4B 1M

form

P

It

259017 SUOLULIOD SATER.I0 211 U A POUBAOB 9.2 SIPILE O 38N JO SDIN1 10 ARIIT BUIO 31 U0



is achieved by increased contact with handlers before
weaning, gentle handling and maintaining contact with
familiar conspecifics during the weaning process to allow
social buffering.

weaning reduces handling stress?

(3) How certain are you that maintaining contact with
familiar conspecifics during weaning reduces handling
stress by allowing social buffering?

178 of 195 WELFARE OF BEEF CATTLE
TABLE B.2 (Continued)
Certainty
N. Conclusions Uncertainty question range Reasoning for low certainty
Weaning
2 The WCs selected as highly relevant for suckler cows and How certain are you that very early weaned calves, such as >66% Only one study investigating this is available.
calves as a result of weaning are separation stress, those weaned at 75 days of age, exhibit increased cross-
handling stress and group stress if weaning and sucking behaviour?
separation are combined with regrouping, as well as
inability to express maternal behaviour in cows and
inability to perform sucking behaviour in calves. These
are expressed by increased vocalisation, exploration
and pacing (locomotory behaviour) along with reduced
feeding and lying in weaned calves. Additionally, very
early weaned calves (e.g. at 75 days of age) exhibit
increased cross-sucking.

The later the calves are weaned the better prepared they How certain are you that encouraging early solid feed intake >90%
are physiologically and behaviourally to cope with the and familiarisation with post-weaning feeds enhances
dietary and social changes. In addition, gastro-intestinal gastro-intestinal function of calves?
function is enhanced by promoting early intake of solid
feed intake and familiarisation with post-weaning diets.

A decoupling of weaning and separation by either fenceline How certain are you that the two-stage weaning methods >66% Inconsistent results across studies, although the
weaning or nose flaps allows visual, auditive and physical reduce separation stress compared to abrupt weaning? majority of studies showed positive effects.
cow-calf contact (more restricted in fenceline weaning)
while preventing sucking behaviour before total
separation occurs. These two-stage weaning methods
contribute to a reduction of separation stress, compared
to abrupt weaning.

Nose flaps, as they are currently used, carry an injury risk to How certain are you that the current use of nose flaps carries ~ >90%
the nasal septum. arisk of causing injuries to the nasal septum in calves?

Creep weaning methods are associated with less handling How certain are you that creep weaning methods are >90%
and separation stress compared to abrupt weaning. associated with less handling and separation stress

compared to abrupt weaning?

The presence of familiar peer calves provides social support How certain are you that the presence of familiar peer calves >66% The social buffering effect is a well-accepted
or social buffering and reduces separation stress during reduces separation stress during weaning in calves by principle, but there are no specific studies in
weaning. providing social support or buffering? the context of weaning of calves.

Additional husbandry changes (e.g. relocation from pasture How certain are you that changes in husbandry conditions >90%
to housing, dietary changes, regrouping, transportation around weaning time increase the negative welfare
and marketing) often occur around weaning and increase impacts on calves?
negative welfare impacts on the calves.

When calves are weaned from the dams both are handled. (1) How certain are you that increasing contact with handlers ~ 1: >90% (3) The social buffering effect is a well-accepted
Strategies to reduce handling stress during weaning are before weaning reduces handling stress? 2:>90% principle, but there are no specific studies in
little investigated. However, a decrease in handling stress  (2) How certain are you that using gentle handling during 3:>66% the context of handling of weaned calves.
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TABLE B.2

Castration
5

(Continued)

Conclusions

It is not completely clear whether there are differences in
the intensity of pain perception around the procedure
depending on age at castration but, due to the smaller
size of the wound, healing is quicker in younger animals.

Castration carried out between 1 and 8 weeks of age is
associated with a faster healing of the wound compared
to older age. Very limited research is available on the
welfare consequences of castration in neonatal (<1 week)
calves, so conclusions cannot be drawn for this age
group.

When very young animals experience pain, there is a risk for
central sensitisation.

Depending on the method of castration, pain is shown
at different times. Surgical and Burdizzo castrations
are characterised by a high frequency of behaviours
indicative of pain around the procedure, followed by a
lower frequency of such pain behaviours during healing
over 4 to 9weeks. Rubber ring and band castration are
characterised by pain around the procedure, followed by
prolonged pain over 6 to 9 weeks.

The use of pharmacological pain mitigation (NSAIDs and
anaesthesia) reduces the frequency of behavioural
responses indicative of pain around castration. Despite
pain mitigation, these behaviours can be observed more
frequently in calves older than 6 months of age than in
younger calves.

The combination of local anaesthesia and NSAIDs leads to
a higher reduction of behaviours indicative of pain than
using anaesthesia or NSAIDs alone.

Research indicates that lidocaine leads to a higher
reduction of behaviours indicative of pain than other
local anaesthetics, and that meloxicam reduces post-
surgical inflammation. There is a lack of studies directly
comparing modes, timing of administration and duration
of treatment at different ages.

Uncertainty question

How certain are you that wound healing is quicker in
younger animals due to the smaller size of the wound,
even though differences in pain perception intensity
around the time of castration depending on age remain
unclear?

(1) How certain are you that castration performed between
1 and 8 weeks of age results in faster wound healing
compared to castration at older calves?

(2) How certain are you that the current lack of research
on neonatal calves (<1 week) limits the ability to
draw conclusions about the welfare consequences of
castration at that age?

How certain are you that experiencing pain at a very young
age increases the risk of central sensitisation in calves?

(1) How certain are you that surgical and Burdizzo castrations
are characterised by high frequency behaviours
indicative of pain around the time of the procedure,
followed by lower frequency of such behaviours during
healing over 4 to 9 weeks?

(2) How certain are you that rubber ring and band castration
are characterised by pain around the procedure, followed
by prolonged pain over 6 to 9 weeks?

(1) How certain are you that the frequency of behavioural
responses indicative of pain is lower when pain
mitigation (NSAIDs and anaesthesia) is used compared to
when they are not used?

(2) How certain are you that the frequency of behavioural
responses indicative of pain is higher when the castration
procedure is performed on calves younger than 6
months compared to older calves?

How certain are you that the proportion of calves
experiencing pain is lower when local anaesthesia and
NSAIDs are used in combination compared to when
anaesthesia is used alone?

How certain are you that the proportion of beef calves
showing pain-related behaviours is lower when lidocaine
is used compared to other local anaesthetics, and that
post-surgical inflammation is reduced when meloxicam
is administered compared to when it is not?

Certainty

range Reasoning for low certainty

>90%

1:>90%
2:>90%

>50% Only evidence from disbudding.

1:>90%
2:>90%

1:>90%
2:>90%

>90%

>90%

(Continues)
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TABLE B.2 (Continued)
Certainty

N. Conclusions Uncertainty question range Reasoning for low certainty

Disbudding and dehorning

6 Dehorning carries considerably higher welfare risks (such How certain are you that the proportion of beef cattle >90%
as bleeding, sinus infections or bone fractures) than experiencing high levels of handling stress and pain is
disbudding, and is related to more handling stress and lower during disbudding than during dehorning?
longer wound healing times.

7 Properly administered local anaesthesia and post-surgical How certain are you that the proportion of beef cattle >90%
analgesia reduce pain around the procedure in all experiencing pain around the procedures of all
disbudding and dehorning methods. disbudding or dehorning methods is lower when local

anaesthesia and post-surgical analgesia are properly
applied than when they are not applied?

8 Even if applying local anaesthesia and post-surgical How certain are you that long-lasting pain, potentially >66% Limited number of long term studies.
analgesia, long-lasting pain develops (for several weeks). lasting several weeks, develops even when local

anaesthesia and post-surgical analgesia are applied?

9 Signs if persistent sensitisation towards mechanical How certain are you that calves disbudded at a very young >66% Limited number of studies investigating this and
stimulation or pressure near the site of the procedure age (e.g. at 3days) are more likely to show persistent partly conflicting results.
have been reported in calves, potentially worse for calves sensitisation to mechanical stimulation or pressure near
disbudded at a very young age (e.g. at 3days) (certainty the disbudding site compared to calves disbudded at an
>66%). Research is needed to clarify this. older age?

12 Sedation reduces overt signs of handling stress during How certain are you that the proportion of beef cattle >90%
disbudding and dehorning. Insufficient research showing overt signs of handling stress is lower when
is available on possible negative welfare effects of sedation is used during disbudding and dehorning?
sedation, including increased stress due to sedative
effects.

13 Surgical disbudding carries higher welfare risks, such as How certain are you that the proportion of beef cattle >90%
bleeding or infection, than hot-iron and caustic paste experiencing welfare risks, such as bleeding or infection
disbudding and elicits more responses indicative of pain. and showing more responses indicative of pain, is lower

when disbudding is performed using hot-iron or caustic
paste compared to surgical disbudding?

14 Caustic paste disbudding carries further welfare risks, such (1) How certain are you that the proportion of beef cattle 1.>90%
as unintentional caustic burns of the eye or other body experiencing welfare risks, such as unintentional caustic 2.>90%

parts, than hot-iron disbudding. Caustic paste elicits
substantial pain and is associated with prolonged
healing times (e.g. 18 weeks) due to deeper wounds than
those caused by thermocautery. Moreover, in contrast
to hot-iron disbudding, it requires the separation from
the cow and from other calves to avoid burning them.
For hot-iron disbudding, there are numerous brands

of disbudders on the market, but there is insufficient
information on the welfare consequences of different
heat capacities, tip sizes and application times.

burns of the eye or other body parts, is lower when
hot-iron disbudding is used compared to caustic paste
disbudding?

(2) How certain are you that caustic paste disbudding elicits
substantial pain and leads to prolonged healing times
(e.g. 18 weeks) due to causing deeper wounds than
thermocautery?
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TABLE B.2

Tail docking
4

Polledness
1

(Continued)

Conclusions

Band/rubber ring tail docking results in behaviours
indicative of pain such as head movements directed
towards the tail, and more and shorter resting bouts.

Hot-iron docking leads to less intense reactions indicative of
pain than band/rubber ring tail docking.

The evidence for the effectiveness of epidural local
anaesthesia is inconclusive, but due to the smaller
lesion inflicted and the lesser innervation, docking
of the tendinous tail tip leads to less severe welfare
impairments than docking of parts of the tail with
vertebrae.

The primary rationale for tail docking in beef cattle is to
prevent tail-tip injuries and necrosis, but these problems
can be mitigated by management measures such as
adequate space allowance and floor conditions.

The introgression of polledness in horned cattle breeds is an
alternative to disbudding and dehorning procedures to
mitigate soft tissue lesions and integument damage.

Horns play a role in thermal regulation and protection
against predators, and they are used for comfort
behaviour (self-scratching). Their functional importance
depends on specific husbandry conditions (e.g. high/low
environmental temperatures, indoor/outdoor conditions,
presence of brushes).

When physical agonistic interactions occur, the presence of
horns increases the risk of injuries.

However, conditions leading to reduced competition
for resources, that enable cattle to avoid dominant
conspecifics and provide for stable social relationships,
have been demonstrated to reduce group stress and
decrease agonistic interactions and related injuries in
herds of horned cattle.

Uncertainty question

How certain are you that the proportion of beef cattle
showing pain-related behaviours, such as head
movements towards the tail and more frequent and
shorter resting bouts, is higher after band/rubber ring
tail docking compared to when tail docking is not
performed?

How certain are you that hot-iron docking results in less
intense pain-related reactions compared to band/rubber
ring tail docking?

How certain are you that docking the tendinous tail tip
results in less severe welfare impairments compared to
docking parts of the tail with vertebrae?

How certain are you that adequate space allowance and
floor conditions effectively mitigate tail-tip injuries
and necrosis in beef cattle, reducing the need for tail
docking?

How certain are you that the proportion of beef cattle
experiencing welfare consequences such as soft tissue
lesions and integument damage is lower when the
introgression of polledness is used as an alternative to
disbudding and dehorning?

(1) How certain are you that the proportion of beef cattle
experiencing impaired thermal regulation is higher when
horns are absent compared to when they are present?

(2) How certain are you that the proportion of beef cattle
vulnerable to predators is higher when horns are absent
compared to where they are present?

(1) How certain are you that the presence of horns increases
the risk of injuries caused by agonistic interactions
among cattle?

(2) How certain are you that reduced competitive conditions
for resources help cattle avoid dominant conspecifics,
thereby decreasing group stress, frequency of agonistic
interactions and related injuries?

Certainty
range Reasoning for low certainty

>90%

>66% Limited scientific evidence

>90%

>90%

>90%

1:>66%

2:>66% (2) weak evidence

1:>90%
2:>90%

(1) weak evidence in reduction of heat stress

(Continues)
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TABLE B.2 (Continued)
Certainty

N. Conclusions Uncertainty question range Reasoning for low certainty

8 Soft tissue lesions resulting from agonistic interactions are (1) How certain are you that soft tissue lesions due to 1:>90%
often not as visible in polled cattle compared to horned agonistic interactions in polled cattle are often not 2:>90%
cattle. However, this does not mean than they do not externally visible?
occur. For this reason, polled cattle will also benefit from (2) How certain are you that polled cattle would also benefit
housing conditions leading to reduced competition. from reduced competitive conditions in terms of soft

tissue lesions?

9 Genetic associations with other traits are largely unknown. How certain are you that the loss of genetic variability >50% This is based on a theoretical consideration taking
The establishment of genetic polledness in beef cattle associated with the introgression of polled genotype in the limited size of the population of animals
populations carries a risk of losing desirable genetic traits beef cattle carries a risk of losing desirable genetic traits with polledness genes into account.
such as disease resistance or adaptability. such as disease resistance or adaptability?

Temperament

1 Efforts to select beef cattle displaying less fearful and How certain are you that genetic selection for less fearful >90%
aggressive temperament mitigate welfare issues and aggressive temperament in beef cattle mitigates
resulting from flightiness and aggression. welfare issues caused by flightiness and aggression?

2 Selection for calmer temperament (in terms of reduced How certain are you that the simultaneous selection for >66% Limited number of studies.
flightiness) and simultaneously for increased maternal calmer temperament and increased maternal ability in
ability may also cause an increase in maternal beef cattle leads to greater maternal defensiveness due
defensiveness due to reduced fearfulness towards to reduced fearfulness towards humans?
humans, which leads to increased difficulty in assisting
the calf.

4 Identification of genes and genomic regions is useful for How certain are you that identifying genes and genomic >66% Not clear how efficient this approach is due to the
enhancing selection for docile and calm temperament in regions related to docile and calm temperament is useful polygenic nature of this trait.
beef cattle. for enhancing selection in beef cattle?

6 Outcomes of behavioural tests to assess temperament are How certain are you that the outcomes of behavioural >90%
not consistent across studies. tests to assess temperament are not consistent across

scientific studies?

Hypermuscolarity

1 Double-muscled (DM) animals experience high rates of How certain are you that the proportion of beef cattle >90%
dystocia due to a mismatch between calf size and the experiencing dystocia, due to calf size and pelvic
pelvic conformation of dams, necessitating C-sections. conformation mismatches, is higher if they are double-

For example, elective C-sections are carried out in muscled than if they are not?
approximately 90% of calvings in DM Belgian Blue cows.

2 Double-muscled animals are at greater risk of heat stress, How certain are you that the proportion of beef cattle at >90%
locomotory disorders (including lameness), metabolic risk of experiencing heat stress, locomotory disorders
disorders and fatigue resulting from a smaller heart and (including lameness), metabolic disorders and fatigue is
smaller lungs compared to non-DM animals. higher if they are double-muscled than if they are not?

7 Welfare consequences of hypermuscularity are mitigated by How certain are you that selecting for improved anatomical >50% Very limited evidence on internal organ size.

selecting for improved anatomical features such as pelvic
conformation and internal organ size.

features, such as pelvic conformation and internal
organ size, mitigates the welfare consequences of
hypermuscularity in beef cattle?
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TABLE B.2 (Continued)

N. Conclusions

Dystocia and C-sections

1 Dystocia may have serious consequences on cow welfare
(e.g. soft tissue lesions and integument damage,
handling stress, prolonged hunger) and calf welfare
(e.g. increased mortality rate, gastro-enteric disorders,
respiratory disorders).

2 Planned C-section is a commonly used surgery to minimise
the risks of dystocia and its effects on cows and calves.
This procedure is associated with negative welfare
consequences for cows.

3 Itis likely that repeated C-sections lead to a higher risk of
bleeding, infection and adhesions based on findings
from human studies.

4 Selection for calving ease, reduced calf size and weight,
and reduced stillbirths is currently implemented in beef
cattle. Genetic improvement has been achieved by these
selection strategies in most breeds.

5 Including heifers' and dams' pelvic conformation in the
selection traits leads to a faster genetic improvement.

Maternal ability

2 Breeding for maternal ability mitigates the welfare
consequences of poor maternal care or inadequate milk
production.

3 Selection for maternal ability can lead to inadvertently

selecting for increased maternal aggressive
temperament, a trait with potentially negative
implications for handler and calf safety.

ABMs at slaughter

2 The ABM:s listed in (1) are the most suitable and promising
ABMs for collection at slaughterhouses to monitor
the level of welfare on farm for fattening cattle (i.e.
fattening bulls, heifers and steers) although they have
only to a very limited extent been evaluated under field
conditions.

Uncertainty question

(1) How certain are you that dystocic births have serious
welfare consequences for cows (e.g. soft tissue lesions
and integument damage, handling stress, prolonged
hunger)?

(2) How certain are you that dystocic births have serious
welfare consequences for calves (e.g. increased mortality
rate, gastro-enteric disorders, respiratory disorders)?

How certain are you that also planned C-sections cause
negative welfare consequences for cows?

How certain are you that repeated C-sections in cattle lead
to a higher risk of bleeding, infection and adhesions, as
suggested by findings from human studies?

How certain are you that genetic improvement has been
achieved by selecting for calving ease, reduced calf size
and weight in most beef cattle breeds?

How certain are you that the inclusion of heifers' and dams'
pelvic dimensions in selection traits accelerates genetic
improvement compared to selection strategies that do
not consider pelvic dimensions?

How certain are you that breeding for maternal ability
mitigates consequences of poor maternal care or
inadequate milk production?

How certain are you that selecting for maternal ability in
beef cattle inadvertently increases maternal aggressive
temperament, with negative implications for the safety
of handlers and calves?

How certain are you that the listed ABMs in (1) are the
most suitable and promising ABMs for collection at
slaughterhouses to monitor the level of welfare on farm
for fattening cattle?

Certainty
range

1:>90%
2:>90%

>90%

>50%

>90%

>66%

>90%

>50%

>90%

Reasoning for low certainty

No studies on cattle, only extrapolation from
human studies.

Not enough evidence available yet

Not yet demonstrated in beef cattle

(Continues)
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APPENDIX C

Literature searches

Sections 3.2.1-3.3 - Housing conditions (indoors) and space allowance

A broad literature search was carried out to identify scientific evidence on the elements to identify relevant peer-reviewed
publications on the highly relevant welfare consequences identified. Restrictions on the different categories of cattle were
applied by including synonyms that are commonly used both in scientific publications and grey literature.

The bibliographic database Web of Science (Core Collection) was used to retrieve relevant records, which were exported
as Microsoft Excel files (.xIsx) along with associated metadata (e.g. title, authors, abstract). Duplicate entries were removed,
and titles and abstracts were screened for relevance. If relevance could not be determined from the title and abstract alone,
the full text was reviewed. Additional relevant publications known to the working group but not identified in the initial
search were also included in the literature review. All relevant references were subsequently compiled in an EndNote 21
library to create the list of references of the Scientific Opinion. Details of the search strings used are provided below.

Water access

Search date: 11 March 2024

Defined time period: 2012 to 2024

Search string: (TI=(water* OR drink* OR thirst) AND TS=("beef cattle” OR “fattening cattle” OR “finishing cattle” OR
steer® OR bull* OR heifer* OR calves OR cattle OR cow*) AND TS=(“water intake” OR “water flow*” OR “drinking behav*")
AND TS=(indoor OR hous* OR pen* OR husbandry) NOT TS=(zebu OR lamb* OR goat* OR sheep OR pig* OR equi* OR
horse* OR buffalo* OR bison* OR camel¥))

Results: 33. Result after screening for relevance: 17.

Flooring

Search date: 12 March 2024

Defined time period: 2012 to 2024

Search string: (TI=(floor* OR bed* OR “resting area*” OR slat*) AND TS=("beef cattle” OR “fattening cattle” OR “finish-
ing cattle” OR steer* OR bull* OR heifer* OR calf OR calves OR cattle OR cow*) AND TS=(indoor OR hous* OR pen* OR
husbandry) NOT TS = (zebu OR lamb* OR goat* OR sheep OR pig* OR equi* OR horse* OR buffalo* OR bison* OR camel*))

Results: 204. Result after screening for relevance: 33.

Nutrition and feeding

Search date: 12 March 2024

Defined time period: 2012 to 2024

Search string: (TI=(diet* OR feed* OR nutrit* OR “oral behav*” OR “chewing behav*” OR forag* OR concentrat* OR “feed
intake”) AND Tl = (“beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer* OR bull* OR heifer* OR calves OR cattle
OR cow*) AND Tl = (behav* OR welfare) AND TS = (indoor OR hous* OR pen* OR husbandry) AND TS = (“ruminal acidosis” OR
silage® OR straw OR roughage OR “totally mixed ration” OR fiber*) NOT TS = (zebu OR lamb* OR goat* OR sheep OR pig* OR
equi* OR horse* OR buffalo* OR bison* OR camel*))

Results: 98. Result after screening for relevance: 35.

High environmental temperature

Search date: 13 March 2024

Defined time period: 2012 to 2024

Search string: (TS = (cattle “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR “suck-
ler cal*” OR “suckler cow$”) AND TS=(heat OR “high temperature$” OR warm OR “heat stress”) AND TS=(husbandry OR
indoor OR hous* OR pen$) AND TS=(behavi* OR welfare) NOT TS =(zebu OR lamb* OR goat$ OR sheep OR pig$ OR equi*
OR horse$ OR buffalo* OR bison$ OR camel$))

Results: 101. Result after screening for relevance: 16.

Lack of environmental enrichment

Search date: 14 March 2024

Defined time period: 2012 to 2024

Search string: (TS=(cattle “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR
“suckler cal*” OR “suckler cow$”) AND TS=(enrichment OR “environmental enrichment”) AND TS = (explorat* OR groom*
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OR forag* OR “comfort behavi*” OR play) AND TS = (behavi* OR welfare) NOT TS =(zebu OR lamb* OR goat$ OR sheep OR
pig$ OR equi* OR horse$ OR buffalo* OR bison$ OR camel$))
Results: 30. Result after screening for relevance: 15.

Lack of outdoor access

Search date: 15 March 2024

Defined time period: 2012 to 2024

Search string: (TS=(cattle OR “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$
OR “suckler cal*” OR “suckler cow$"”) AND TS=(outdoor OR “loafing area” OR feedlot) AND TS=(access OR restriction OR
exploration) AND TS =(behavi* OR welfare) NOT TS = (zebu OR lamb* OR goat$ OR sheep OR pig$ OR equi* OR horse$ OR
buffalo* OR bison$ OR camel$))

Result=109. Result after screening for relevance: 18.

Mixing of cattle

Search date: 15 March 2024

Defined time period: 2012 to 2024

Search string: (TS=(cattle “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR
“suckler cal*” OR “suckler cow$”) AND TS =(mix* OR regroup* OR “social mixing” OR “group change”) AND TS=(social OR
stress OR aggression OR separation) AND TS = (behavi* OR welfare) NOT TS =(zebu OR lamb* OR goat$ OR sheep OR pig$
OR equi* OR horse$ OR buffalo* OR bison$ OR camel$))

Result=222. Result after screening for relevance: 19.

Space allowance

Search date: 17 December 2024

Defined time period: 2012 to 2024

Search string: (TI=(cattle OR “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR
“suckler cal*” OR “suckler cow$”) AND Tl=(“space allowance$” OR “stocking densit*” OR spac* OR spat* OR area$) NOT
TI=(dairy OR milk) AND TS = (cattle OR “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$
OR “suckler cal*” OR “suckler cow$”) AND TS = (husbandry OR indoor OR hous* OR pen$) AND TS =(“space allowance$” OR
“stocking densit*” OR spac* OR spat* OR area$) AND TS = (behavi*) NOT TS=(zebu OR lamb* OR goat$ OR sheep OR pig$
OR equi* OR horse$ OR buffalo* OR bison$ OR camel$))

Result=19. Result after screening for relevance: 10.

Section 3.4 - Cattle kept outside

Welfare of cattle kept on pasture

Search date: 19 December 2024

Defined time period: 2012 to 2024

Search string: (TI=(cattle OR “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR
“suckler cal*” OR “suckler cow$”) AND Tl = (pasture$ OR grazing OR grass* OR outwinter* OR outdoor OR shelter* OR shade)
NOT Tl = (dairy OR feedlot OR milk) AND TS =(cattle OR “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR
bull$ OR heifer$ OR “suckler cal*” OR “suckler cow$”) AND TS = (pasture$ OR grazing OR grass* OR outwinter* OR outdoor
OR shelter* OR shade) AND TS=(behavi*) NOT TS=(zebu OR lamb* OR goat$ OR sheep OR pig$ OR equi* OR horse$ OR
buffalo* OR bison$ OR camel$))

Result=341. Result after screening for relevance: 133.

Welfare of cattle kept in outdoor feedlots

Search date: 19 December 2024

Defined time period: 2012 to 2024

Search string: TS=(cattle OR “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR
“suckler cal*” OR “suckler cow$”) AND TS =(feedlot$) AND TS=(behavi* AND welfare) NOT TS =(zebu OR lamb* OR goat$
OR sheep OR pig$ OR equi* OR horse$ OR buffalo* OR bison$ OR camel$))

Result=133. Result after screening for relevance: 38.

Section 3.5 - Weaning

Search date: 23 November 2024
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Defined time period: 2012 to 2024

Search string: (TI=(wean*) AND TS =(“suckler cal*” OR “suckler cow$” OR “beef cal*” OR “dairy-beef cal*” OR “beef cattle”
OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR cow$) AND TS=(“creep weaning” OR “creep
feeding” OR “fence$line weaning” OR “abrupt weaning” OR “gradual weaning” OR “yard weaning” OR “nose$flaps”) NOT
TS=(dairy OR veal OR zebu OR lamb* OR goat$ OR sheep OR pig$ OR equi* OR horse$ OR buffalo* OR bison$ OR camel$))

Result=27. Result after screening for relevance: 17.

Section 3.6 - Mutilations

Castration

Search date: 20 December 2024

Defined time period: 2012 to 2024

Search string: (TI=(cattle OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR “suckler cal*” OR
“suckler cow$” OR calf OR calves) AND TS = (*castrat*) AND TS = (pain OR anaesthe* OR “pain killer” OR analgesi* OR medical
OR surgical OR surgery OR “topical treatment”))

Result=238. Result after screening for relevance: 115.

Disbudding and dehorning

Search date: 20 December 2024

Defined time period: 2012 to 2024

Search string: (TS = (cattle “beef cattle” OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR “suck-
ler cal*” OR “suckler cow$”) AND TS =(disbud* OR dehorn* OR mutilat*) AND TS = (behavi* OR welfare) NOT TS =(zebu OR
lamb* OR goat$ OR sheep OR pig$ OR equi* OR horse$ OR buffalo* OR bison$ OR camel$))

Result=58. Result after screening for relevance: 28.

Tail docking

Search date: 20 December 2024

Defined time period: 2012 to 2024

Search string: (TI=(cattle OR “fattening cattle” OR “finishing cattle” OR steer$ OR bull$ OR heifer$ OR “suckler cal*” OR
“suckler cow$” OR calf OR calves) AND TS = (“tail dock*"))

Result=21. Result after screening for relevance: 5.

Section 3.7 -Breeding and genetics

For the description of breeding strategies and genetics, an extensive literature review was performed using the biblio-
graphic database ‘Scopus’. Document type other than research and review articles and in a language other than English
were excluded. Furthermore, the subject areas of “Biochemistry, Genetics and Molecular Biology”, “Agricultural and
Biological Sciences”, “Veterinary” and “Multidisciplinary” were selected as inclusion criteria. The five lists of peer-reviewed
documents (one for each topic of ToR3) were exported to Excel files together with the relevant metadata (e.g. title, authors,
abstract), then merged and duplicates removed.

Polledness

Defined time period: 2010 to 2023

Search string: TS=(beef AND cattle) AND (polledness OR polled OR hornless) AND (genetic OR gene OR epistasis OR
epistat* OR welfare)

Result=38. Result after screening for relevance: 3.

Temperament
Defined time period: 2010 to 2023

Search string: TS=(beef AND cattle) AND (temperament OR docility OR proactivity OR reactivity OR coping OR workabil-
ity OR character) AND (behaviour OR behavior OR ethology OR ethogram OR welfare) AND (genetic OR gene OR trait OR

phenotype) AND NOT (steak OR consumer OR sensory OR market)
Result=53. Result after screening for relevance: 10.

Hypermuscularity

Defined time period: 2010 to 2023
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Search string: TS=(beef AND cattle) AND (Hypermuscuolarity OR (muscle AND hypertrophy) OR “muscular hypertrophy”
OR “double muscl*” OR “double-muscl*” OR myostatin OR mutation) AND (genetic OR inherited OR welfare) AND NOT
(virus OR disease OR antibiotic)

Result=205. Result after screening for relevance: 7.

Dystocia and Caesarean section

Defined time period: 2010 to 2023

Search string: TS=(beef AND cattle) AND ((calving AND ease) OR (birth AND ease OR “fetal malpresentation” OR “foetal
malpresentation”) OR (caesarean OR cesarean OR dystoc* OR obstetric* OR “surgical delivery”)) AND (genetic OR pheno-
type OR trait OR genomic OR selection OR welfare)

Result=88. Result after screening for relevance: 12.

Maternal ability

Defined time period: 2010 to 2023
Search string: TS=(beef AND cattle) AND maternal AND (genetic* OR trait OR selection) AND (instinct OR ability OR be-
haviour OR attitude OR ethology)

Result=50. Result after screening for relevance: 9.
Section 3.8 — Cull cows

Search date: 10 February 2025
Defined time period: 2012 to 2024
Search string: (TS=(cow$) AND TS=(cull*) AND TS =(welfare OR behavi*))
Result=255. Result after screening for relevance: 21.

Section 3.9 - Slaughter ABMs

For the description of the ABMs collected in slaughterhouses to monitor the level of welfare on farm for fattening cattle an
extensive literature review was conducted on the 23rd of July 2024, using the bibliographic database ‘Web of Science’ (all
databases). The records retrieved from Web of Science were exported to Excel files together with the relevant metadata
(e.g. title, authors, abstract) and duplicates were removed. Titles and abstracts were screened for relevance. Full text publi-
cations were screened if title and abstract did not allow assessing the relevance of a paper.

Body condition

Defined time period: 2010 to 23-07-2024

Search string: (TS=("beef cattle” OR “fattening cattle” OR “steer$” OR “bull$” OR “Heifer$”) AND TS=(“body”) AND
TS=("condition” OR “score” OR “composition”) AND TS =(“slaughter*” OR “abattoir” OR “slaughter plant” OR “slaughter
line” OR “slaughter factory”) AND TS = (“welfare” OR “health” OR “protection” OR “inspection” OR “meat”) NOT TS = (“zebu”
OR “post-mortem” OR “postmortem” OR “post mortem” OR “genetic” OR “genomic” OR “transport*” OR “lamb$” OR “pig$”
OR “equi*” OR “calves” OR “buffalo” Or “acid*” OR “ethiopia” OR “thailand” OR “china” OR “serum” or “plasma” OR “korean”
OR “mexico” OR “mexican” OR “milk” OR “nellore” OR “vitamin$"))

NOT Languages: Korean or Chinese or Lithuanian

NOT Countries/regions: Japan or Thailand or Kenia or South Korea or Tunisia or Cambodia or Brazil or New Zealand or
Uruguay or Colombia or Dem Rep Congo or Mexico or Indonesia

NOT document types: Patent or Meeting or Awarded Grant

Result=93. Result after screening for relevance: 9

Carcass fatness

Defined time period: 2010 to 23-07-2024

Search string: (TS=("beef cattle” OR “fattening cattle” OR “steer$” OR “bull$” OR “Heifer$”) AND TS = (“carcass*” OR “car-
case$”) AND TS =(“fatness” OR “fat” OR “SEUROP” OR “EUROP” OR “grid”) AND TS =(“slaughter*” OR “abattoir” OR “slaugh-
ter plant” OR “slaughter line” OR “slaughter factory”) AND TS=(“welfare” OR “health” OR “protection” OR “meat”) NOT
TS=(“society” OR “consumer$” OR “economic$” OR “citizen$” OR “zebu” OR “post-mortem” OR “postmortem” OR “post
mortem” OR “genetic” OR “genomic” OR “transport*” OR “lamb$” OR “pig$” OR “equi*” OR “calves” OR “buffalo” Or “acid*”
OR “ethiopia” OR “thailand” OR “china” OR “serum” or “plasma” OR “korean” OR “mexico” OR “mexican” OR “milk” OR “nel-
lore” OR “vitamin$” OR “south africa” OR “africa*” OR “brazil*"))
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NOT Languages Korean or Czech or Polish or Russian or Croatian or Japanese or Serbo Croatian or Lithuanian or Turkish
or Ukrainian

NOT Countries/Regions: Sudan or South Africa or RS or Peru or Colombia or Uruguay or South Korea or Peoples R China
or Japan or Brasil or Mexico or Tunisia or Venezuela or Chile or Brazil or New Zealand

NOT document types: Patent, meeting, dataset

Result=105. Result after screening for relevance: 3.

Carcass condemnation

Defined time period: 2010 to 23-07-2024

Search string: (TS=("beef cattle” OR “fattening cattle” OR “steer$” OR “bull$” OR “Heifer$”) AND TS=("carcass*” OR “car-
case$” OR “viscera”) AND TS =(“condemnation” OR “trimming” OR “trimmed” OR “condemned”) AND TS=("slaughter” OR
“abattoir” OR “slaughter plant” OR “slaughter line” OR “slaughter factory”) AND TS = (“welf*” OR “health” OR “protection” OR
“inspection” OR “meat”) NOT TS =(“econom*” OR “value”))

Results=81 Result after screening for relevance: 4

Lung lesions

Defined time period: all years

Search string: (TS=("beef cattle” OR “fattening cattle” OR “steer$” OR “bull$” OR “Heifer$”) AND TS=(“lung$”) AND
TS=("lesion*” OR “respiratory” OR “wound*” OR “pneumonia” OR “pleuritis” OR “discoloration”) AND TS =(“slaughter*” OR
“abattoir” OR “slaughter plant” OR “slaughter line” OR “slaughter factory” OR “necroscopy”) AND TS = (“welfare” OR “health”
OR “protection” OR “inspection”) NOT TS =(“econom*” OR “value”))

Result=104. Result after screening for relevance:

Skin lesions - bruises (PM), wounds and bursitis (AM)

Defined time period: 2001 to 23-07-2024
Search string: (TS=("beef cattle” OR “fattening cattle” OR “steer$” OR “bull$” OR “Heifer$”) AND TS=("bruise$” OR
“bursitis” OR “bursa$” OR “punctiform spot*” OR “scratch*” OR “wound*” OR “damage” OR “rupture*” OR “injur*”) AND
TS=("slaughter” OR “abattoir” OR “slaughter plant” OR “slaughter line” OR “slaughter factory”) AND TS = (“welf*” OR “health”
OR “protection” OR “inspection” OR “meat”) NOT TS=(“horse” OR “transport” OR “liver” OR “stunning” OR “econom*”))
Result=174. Result after screening for relevance: 1

Body cleanliness

Defined time period: all years

Search string: TS=("beef cattle” OR “fattening cattle” OR “steer$” OR “bull$” OR “heifer$”) AND TS=("body”) AND
TS=(“cleanliness” OR “dirtiness” OR “manure” OR “manure on the body”) AND TS=(“ante mortem” OR “ante-mortem” OR
“slaughter” OR “abattoir” OR “slaughter plant” OR “slaughter line” OR “slaughter factory”) AND TS = (“welf*” OR “health” OR
“protection” OR “inspection” OR “meat”))

Result=33. Result after screening for relevance: 5
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APPENDIX D
Instructions for accessing submissions from the Public call for evidence

The submissions referenced in this Scientific Opinion are identified under the label ‘EFSA Public call for evidence 2024/,
followed by the prefix ‘PC-0742" which denotes the unique identifier of the Public call for evidence on the welfare of beef
cattle on farm. This prefix is further followed by a number indicating the specific topic of the call the submission refers,
alongside the name of the organisation that provided each submission.

The data provided by each stakeholder through the Public call for evidence is publicly available at the following web-
page: https://open.efsa.europa.eu/consultations/a0cTk00000024kHIAQ.

The submissions specifically referenced in this Scientific Opinion are listed in Table D.1.

« For submissions in the form of comments, open the webpage linked above and use the ‘Download all comments’ button
to download all comments in a single file. Once downloaded, the relevant comment can be identified by searching for
the corresponding Comment Number listed in the table.

« For submissions in the form of attachments, open the webpage linked above and use the PC ID and the organisation's
name as listed in the table to locate the relevant submission. Additional details on where to find the attached file are
provided in the ‘Submission Location Details’ column. These details can be retrieved on a page view displaying 20 results
per page. If this column is left empty, it means that no file was attached to the submission.

TABLE D.1 Summary of submissions received in response to the EFSA Public call for evidence, 2024 and cited in the present document.

Attached file location
on open EFSA link, if

Public call for Stakeholders submitting information on beef farming provided*
evidence ID practices Comment number (‘20/page’ view)
PC-07424 Four Paws 33 Page 2
PC-0742 14 Association of Veterinary Consultants (AVC) 221 Page 10
PC-0742 14 Czech Beef Cattle Assosiation 50 Page 3
PC-0742 19 Czech Beef Cattle Assosiation 55 Page 3
PC-0742 19 Landwirtschaftskammer Nordrhein-Westfalen 89 -

PC-0742 21 Landwirtschaftskammer Nordrhein-Westfalen 90 -

PC-0742 19 EFFAB-FABRE TP 165 Page 9
PC-0742 20 EFFAB-FABRE TP 166 Page 9
PC-0742 19 Deutscher Tierschutzbund e.V. 163 Page 8
PC-0742 17 Deutscher Tierschutzbund e.V. 161 Page 8
PC-0742 17 Irish Farmers Association (IFA) 187 -

PC-0742 21 Irish Farmers Association (IFA) 191 -
PC-074218 Netherlands Food and Consumer Product Safety Authority 16 Page 1
PC-0742 18 Compassion in World Farming Brussels (CIWF EU) 143 -

PC-0742 18 Belbeef 27 Page 2

*Not all the attachments provided were used in this Scientific Opinion but they are mentioned for completeness.
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APPENDIX E
Behavioural model

Space model for three animals

The information here presented (see Figures E.1-E.11 below) is aimed at complementing the information in the main text.
Please refer to the main text for an explanation of the model assumptions, and calculations for groups of 8 animals.
For three animals, the necessary space is estimated as:

Number of animals: N=3

Short side: a=0.866xd_. +w
with 0.866=0 3/4
Long side: AX a=dmintW

Area of the pen:
Area per aniamal:
Side ratio:

min

A=ixd’*=(d_ _+w

Z(3)=A/N=d_. +w.

min

A=(Axa)a=(d_ . +w)/(0.866 xd_ . +W)

min

) X (0.866 x d_, +W)
) x (0.866 x d_, +W)/3

Amin/2

A*a

dmin

umin

I'| Pen

FIGURE E.1 Distribution of three animals in a pen following the model assumptions, i.e. an even distribution of cattle having all the same

distance between heads to their neighbours and a head-to-head minimum inter-individual distance.

Stable area per animal by min. inter-individual distance for three animals
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FIGURE E.2 Estimation of the relationship between minimum inter-individual distance and necessary m*/animal assuming a rectangular pen.
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The optimal ratio of length of the pen is for the minimum inter-individual distance from 4 to 10 m is between 1.13 and
1.14.

Extension to large groups of cattle

FIGURE E.3 Planimetric surface of animals denoting w (with) and / (length) of the animal.

Beside the pure planimetric surface in individual pens the size of pens for tree animals can be seen as the minimum area
per animal, as most of the space needed for the inter-individual distance is beyond the boundaries of the pen (red areas in
Figure E.4):

Pen

FIGURE E.4 Distribution of three animals in a pen following the model assumptions, i.e. an even distribution of cattle having all the same
distance between heads to their neighbours and a head-to-head minimum inter-individual distance. The highlighted red areas represent the
additional inter-individual space required beyond the physical boundaries of the pen.

For an infinitive group of animals this ‘advantage’ would disappear, and each animal would need a full circle with the
diameter d_, . Additionally, 10% of space is needed for the optimal allocation of circles in an area:

Area per cattle: Z(eo) =t X (dmin/2)2/0.9069

with the correction factor « for the additional space between the circles (Figure E.5).

1/alpha

FIGURE E.5 |lllustration of the spatial arrangement for an animal, occupying a minimum required circular area of diameter d,, . The
configuration accounts for additional spacing between individuals, represented by the correction factor a and highlights the need for 10% extra
space due to geometric packing constraints.
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Stable area per animal by min. inter-individual distance

[
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—— Area per animal in a group of 3 Minimum Inter-Individual Distance (MIID) in [m]

—— Area per animal in an infinitive group

FIGURE E.6 Estimation of the relationship between minimum inter-individual distance and necessary m?/animal assuming a rectangular pen
and a group of three animals.

For limited group sizes above three animals, the necessary space depends on the group size and shape of the pen (ratio
0.
The distribution of cattle in a pen was also estimated for group sizes of 8, 14 and 20 cattle, using model calculations
based on the same assumptions and pen length ratios between 1 and 1.5. Group sizes of 8, 14 and 20 animals were ulti-
mately chosen because they reflect group sizes commonly practiced.

Model for 14 animals

For 14 animals, the necessary space is estimated as:

Number of animals: N=14

Short side: a=3x0.866xd_ . +w
with 0.866 =1/ 3/4

Long side: Axa=3xd_. +w

Area of the pen: A=\xa?

Area per animals: Z(IN)=A/N

Side ratio: A=(xa)/a

FIGURE E.7 Distribution of 14 animals in a pen following the model assumptions, i.e. an even distribution of cattle having all the same distance
between heads to their neighbours and a head-to-head minimum inter-individual distance.
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Stable area per animal by min. inter-individual distance
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FIGURE E.8 Estimation of the relationship between minimum inter-individual distance and necessary m?/animal assuming a rectangular pen
and a group of 14 animals.

The ratio of length of the stable is for MIID from 4 to 10m is 1.15.
Model for 20 animals
For 20 animals, the necessary space is estimated as:

Number of animals: N=20

Short side: a=4x0.866xd_. +w
with 0.866 =1/ 3/4

Long side: Axa=3.5xd_. +w

Area of the pen: A=ixa’

Area per animals: Z(IN)=A/N

Side ratio: A=Axa)a
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FIGURE E.9 Distribution of 20 animals in a pen following the model assumptions, i.e. an even distribution of cattle having all the same distance
between heads to their neighbours and a head-to-head minimum inter-individual distance.
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Stable area per animal by min. inter-individual distance
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FIGURE E.10 Estimation of the relationship between minimum inter-individual distance and necessary m?/animal assuming a rectangular pen
and a group of 20 animals.

The ratio of length of the pen is for MIID from 4 to 10 m is 1.01.
Summary
The necessary lying area per cattle increases quadratically with the minimum inter-individual space.
Because the animals can use the boundaries of the pen to keep the desired minimum inter-individual distance, this effect

disappears with larger groups. Thus, based on the model assumptions, larger groups need larger area per animal. The latter
is limited by the space requirements per cattle of ‘infinite groups’.
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FIGURE E.11 Estimation of the relationship between minimum inter-individual distance and necessary m?/animal assuming a rectangular pen
and differently sized groups of animals.
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