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Abstract

This Scientific Opinion addresses a European Commission’s mandate on the welfare of dairy cows as
part of the Farm to Fork strategy. It includes three assessments carried out based on literature reviews
and complemented by expert opinion. Assessment 1 describes the most prevalent housing systems for
dairy cows in Europe: tie-stalls, cubicle housing, open-bedded systems and systems with access to an
outdoor area. Per each system, the scientific opinion describes the distribution in the EU and assesses
the main strengths, weaknesses and hazards potentially reducing the welfare of dairy cows.
Assessment 2 addresses five welfare consequences as requested in the mandate: locomotory disorders
(including lameness), mastitis, restriction of movement and resting problems, inability to perform
comfort behaviour and metabolic disorders. Per each welfare consequence, a set of animal-based
measures is suggested, a detailed analysis of the prevalence in different housing systems is provided,
and subsequently, a comparison of the housing systems is given. Common and specific system-related
hazards as well as management-related hazards and respective preventive measures are investigated.
Assessment 3 includes an analysis of farm characteristics (e.g. milk yield, herd size) that could be used
to classify the level of on-farm welfare. From the available scientific literature, it was not possible to
derive relevant associations between available farm data and cow welfare. Therefore, an approach
based on expert knowledge elicitation (EKE) was developed. The EKE resulted in the identification of
five farm characteristics (more than one cow per cubicle at maximum stocking density, limited space
for cows, inappropriate cubicle size, high on-farm mortality and farms with less than 2 months access
to pasture). If one or more of these farm characteristics are present, it is recommended to conduct an
assessment of cow welfare on the farm in question using animal-based measures for specified welfare
consequences.
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Summary
Background and European Commission’s request

The European Commission requested the European Food Safety Authority (EFSA) to provide a
scientific opinion on the welfare of dairy cows, reflecting the most recent scientific knowledge on the
topic. This mandate was received in the context of the comprehensive evaluation of the animal welfare
legislation undertaken by the European Commission in the framework of its Farm to Fork strategy,
including Council Directive 98/58/EC of 20 July 1998 concerning the protection of animals kept for
farming purposes.

The first Term of Reference (ToR) requested a description of the most prevalent housing systems
for dairy cows and practices of keeping them in the EU.

The second ToR requested a description of five welfare consequences specific to dairy cows:
locomotory disorders (including lameness), mastitis, restriction of movement, inability to perform
comfort behaviour and metabolic disorders. For these welfare consequences, the European
Commission requested to define the most feasible animal-based measures (ABMs), to identify hazards
potentially leading to them and finally to provide recommendations to prevent or correct them.

The third ToR requested to identify specific relevant hazards, i.e. farm characteristics, leading to the
above-mentioned welfare consequences and which can be used to classify the level of risk for animal
welfare based on data that are currently collected, or that can easily be collected at farm level (e.g.
milk production, herd size, housing system).

Structure of the scientific opinion

In this scientific opinion, three assessments were performed according to each ToR: Assessment 1
on the housing systems; Assessment 2 on the welfare consequences, hazards, preventive and
corrective measures; and Assessment 3 on the hazards (from here onward called ‘farm characteristics’)
to identify farms at risk of poor welfare.

The opinion contains conclusions and recommendations for each of the three assessments. The
level of certainty associated with the conclusion is reported in all conclusions, except for those that are
purely descriptive (e.g. description of welfare consequences).

Assessment 1 - housing systems

Assessment 1 of this opinion describes the following housing systems: 1. tie-stalls, 2. cubicle (free-
stall) housing, 3. open-bedded systems (bedded systems with straw yards, compost or dry manure)
and 4. systems with access to outdoor areas (systems with access to outdoor loafing area and systems
with access to pasture). For each system, the distribution in the EU is reported as well as an overview
of the main strengths, weaknesses and hazards for welfare of dairy cows. A comparison of the
different housing systems was included in the second assessment (see Assessment 2).

The most prevalent housing systems in the EU are cubicle housing systems, followed by open-
bedded systems and tie-stalls. The proportion of farms offering access to pasture has declined in
several EU MSs in the last decades, with an increasing number of farms converting to zero-grazing
systems. The number of grazing days per year varies markedly between and within countries. The
impact on animal welfare of each housing system is highly variable and affected by the quality of the
physical environment and management on a specific farm. However, there is substantive evidence that
cows permanently tied in stalls have impaired welfare due to behavioural restriction compared to
loose-housing systems (where cows are not tied).

The main hazards for reduced cow welfare in tie-stalls are the duration of tethering, the adequacy
of tethering design, the dimensions of the stall and the characteristics of the lying surface. If the
tether design is inadequate (too short neck chain or poorly positioned neck rails), the stalls are too
short or narrow, or the lying surfaces are not or only little deformable, the resting behaviour of cows is
particularly inhibited, and the risk of integument alterations increases.

The main hazards for reduced cow welfare in cubicle housing systems are a non-deformable lying
surface including shallow bedding, inappropriate dimension and design of the cubicles including
positioning of cubicle fittings, rough or slippery flooring in the alleys, low total space allowance and
overstocking at the cubicle.

The main hazards for reduced cow welfare in open-bedded systems are poor hygiene of the lying
areas and a low space allowance per cow. Maintaining adequate cow cleanliness in straw yards
requires higher quality of management and a larger amount of bedding compared to cubicles.
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The main hazards for reduced cow welfare in systems with access to loafing area are poor hygienic
conditions and lack of shelter in extreme climatic conditions.

The main animal welfare hazards in managing cows at pasture are: insufficient shelter from
adverse climatic conditions, insufficient access to water, insufficient or discontinuous nutrient supply,
inadequate parasite control, poorly maintained walking tracks or roads and rushing cattle while
walking.

Assessment 2 - welfare consequences

Assessment 2 addresses the five welfare consequences requested in the mandate in terms of
animal-based measures (ABMs), prevalence in different housing systems and hazards identified.
Resting problems were additionally discussed in the context of the welfare consequence restriction of
movement.

Locomotory disorders

Lameness is one of the major welfare issues in dairy cows and is often associated with pain and
reduced ability to perform natural behaviour. Gait and foot lesion scoring are feasible ABMs to identify
and score lameness. There is no clear evidence that one housing system is consistently better in terms
of lameness reduction. Foot and leg disorders are multifactorial, resulting from interactions between
the farm environment, management, nutrition and animal characteristics including genetic background,
age and lactation stage.

Regarding system comparison, temporary access to pasture is associated with a lower prevalence
of integument damage compared to zero-grazing systems. Cubicles with shallow beds or mats (i.e.
bedding less than 30cm on concrete surfaces or less than 5cm of compressed material on mats
(compressed as a result of the animal lying on it)) are associated with an increased risk of claw
disorders and a higher prevalence of lameness compared to a pasture-based systems.

Preventing lameness includes regular gait scoring followed by early treatment of lame cows.
Dimensions and design of the lying area(s) and cubicle furniture should match the size of cows
ensuring that comfort is optimised, freedom of lying behaviour (natural postural changes) is allowed
and risk of injury is minimised. Dairy cows should be provided with dry, soft and deformable lying
surfaces (see above). The walking and standing surface should be clean, dry, non-slip and avoiding
sharp edges. Tracks for pasture access should be suitable for long-distance walking (e.g. even
surfaced, free from stones and debris).

Mastitis

Mastitis is a disease characterised by inflammation of the mammary gland commonly caused by an
intramammary infection (IMI), mainly bacterial. The condition can be divided into clinical mastitis (i.e.
associated with clinical signs) and subclinical mastitis, despite there is no clear-cut respective definition
of the two types. Clinical mastitis affects dairy cow welfare due to, e.g. the painfulness of the condition
and associated changes in behaviour. The welfare relevance of subclinical mastitis is unknown. Suitable
ABMs for the occurrence of mastitis are the incidence rate of clinical disease and routine (monthly or
daily in case of automatic milking systems) measurement of individual cow somatic cell counts.

Regarding system comparison, mastitis is a multifactorial disease, the hazards of which are diverse
and no housing system (including pasture access) has been consistently identified as superior to others
with regards to the incidence or prevalence of mastitis.

Type of bedding is the only housing-related hazard associated with mastitis prevalence. Cows
housed in sand-bedded cubicles have lower somatic cell counts than those housed in cubicles with
organic bedding materials.

Assessment of key mastitis hazards, which are mostly cow and management related, should be
undertaken regularly and a farm-specific plan for the control, including treatment and prevention of
mastitis, should be formulated based on disease patterns and risks present on-farm. Udder health
should be routinely monitored on farm using both the incidence rate of clinical mastitis and individual
cow somatic cell counts in order to timely take appropriate management decisions.

Restriction of movement and resting problems

Restriction of movement refers to the inability of the animal to move freely or walk comfortably due
to e.g. restrictive space allowance or inadequate floor properties resulting in pain, discomfort or
frustration.
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Closely related to restriction of movement are resting problems due to inadequate design and
properties of the lying area resulting in the cow’s inability to lie or rest comfortably, or to perform
unimpaired lying down or rising up movements.

ABMs for restriction of movement and resting problems are gait, hygiene and lesion scoring, as well
as deviations from normal lying down and rising up movements and agonistic interactions.

Regarding system comparison, restriction of movement in dairy farming is related to the housing
system itself, to the design and features of particular housing systems, to the stocking densities and to
the extent of outdoor access. Tethering imposes severe restriction of movement. Compared to loose-
housing systems, it particularly restricts lying down and rising up movements, lying postures, oestrus,
calving and social behaviour. In terms of level of restriction, the different housing systems are ranked
as follows: year-round tethering, which is particularly restrictive, followed by cubicle housing and open-
bedded systems and finally pasture, which is the least restrictive. Both tie-stalls and cubicles are
associated with more resting problems and restriction of the lying down and rising up movement
compared to open-bedded systems (straw, compost or dry manure bedded-packs), in particular when
the size of stalls and cubicles are inappropriate for the size of the cows.

Dairy cows should not be permanently housed in tie-stalls because of the continuous and severe
restriction of movement and social behaviour, and the risk of thwarting of lying down and rising up
movements as well as prevention of comfortable resting postures. While from a welfare perspective
housing in tie-stalls should in general not be practised, in a transition period housing in tie-stalls with
regular access to a loafing area, or access to summer pasture, could be used to reduce the impact on
restriction of movement, resting and social behaviour.

In cubicle housing systems, at least one cubicle per cow should be provided. Dry, soft and
deformable lying surfaces, preferably deep bedding (either in cubicles or a deep bedded pack), should
be provided because they are associated with longer lying time and ease of lying down and rising up
movements. For deep-bedded cubicles, when bedding material is placed and retained on concrete
surfaces, a minimum depth of 30 cm should be provided. When bedding is placed on the top of mats
or mattresses, a minimum depth of 5cm of compressed material (compressed as a result of the animal
lying on it) should be provided. For instance, this corresponds to ~3kg of straw per day to be
provided per cubicle space. Studies on other materials should be carried out.

Access to well-managed pasture (i.e. well-drained, provision of shade) should be provided because
it offers opportunity to walk freely, ease of changing posture and a comfortable lying area.

A total indoor area — including lying area — of at least 9 m?/cow should be provided.

Minimum width and length of cubicles as well as other features that should be provided for cubicles
are recommended (see specific recommendations for details).

Inability to perform comfort behaviour

Comfort behaviour of dairy cows includes self-grooming by use of tongue, hooves, horns or tail, or
objects (e.g. cow brushes or pen fixtures). The function of self-grooming is to maintain the
integument, but allo-grooming (e.g. licking a conspecific) also has functions in relation to social
behaviour. ABMs for the inability to perform comfort behaviour include observations of self-grooming,
allo-grooming and brush use.

Regarding system comparison, cubicle housing systems are associated with better hygiene and cow
cleanliness compared to tie-stalls and open-bedded systems.

Tethering thwarts the ability to perform self-grooming. Tethering should not be practised except for
limited time periods for events such as veterinary treatments or milking, because it severely restricts
the ability to perform comfort behaviour. In cubicles, flooring should not be slippery to allow postures
associated with self-grooming to be adopted. Brushes should be available in all loose-housing systems,
but further research on the appropriate humber per cow and location of brushes is needed.

Metabolic disorders

The metabolic disorders investigated, i.e. ketosis, subacute ruminal acidosis, displaced abomasum
and hypocalcaemia (milk fever) commonly occur during the peripartum period or in early lactation.
Although aetiologies differ, a variety of feeding and farm management practices are associated with an
increased risk of these metabolic disorders. Subclinical forms of ketosis, ruminal acidosis and
hypocalcaemia are more prevalent than the clinical forms of the disease. No single ABM is suitable for
all metabolic disorders. Suitable ABMs for the occurrence of metabolic disorders are the incidence rate
of clinical cases and for subclinical ketosis individual cow beta-hydroxybutyrate (in blood) or ketones
levels (in milk or urine). Body condition scoring in the dry period is a useful proxy ABM for metabolic
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disease since over-conditioned cows are at increased risk of reduced dry matter intakes and metabolic
disorders.

Regarding system comparison, there is no clear evidence that any one housing system is
consistently superior to another in terms of the incidence or prevalence of metabolic disorders, which
are rather linked to diet composition and feeding management.

However, housing systems predispose to metabolic diseases if they affect the appropriate feeding
of cows or predispose to disorders that affect feeding (e.g. lameness). Preventive strategies based on
key risks arising from feeding and management practices should be in place to minimise the
occurrence of metabolic disease.

Assessment 3 - Farm characteristics to identify farms at risk of poor welfare

Assessment 3 includes an analysis of farm characteristics (e.g. milk yield, herd size) that could be
used to classify the level of on-farm welfare. An approach based on expert knowledge elicitation (EKE)
was developed. Five farm characteristics resulted from the EKE: if one or more of these farm
characteristics are present, it is recommended to conduct an assessment of cow welfare on the farm in
question.

In order of importance attributed by the experts, these characteristics were: (1) farms with more
than one cow per cubicle at maximum stocking rate, (2) farms with a limited total space (including
outdoor loafing areas) for housed cows (<7 m?/cow), (3) farms on which cubicle dimensions are
inappropriate for the size of the cows, (4) farms with high annual on-farm mortality (i.e. more than
8% including emergency slaughter) rates and (5) farms on which cows have less than 2 months per
year with access to pasture.

For farms with each of the characteristics identified above, welfare consequences can be assessed
using specific farm-level assessments (based on animal-based measures). These are reported in detail
in the opinion and in the conclusions.

It is recommended that the risk-based scheme developed from the EKE is piloted to validate its
usefulness in practice prior to implementation.
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1. Introduction

In the framework of its Farm to Fork strategy, the Commission will start a comprehensive
evaluation of the animal welfare legislation. This will include the following acts:

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

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

3) Council Directive 2008/119/EC of 18 December 2008 laying down minimum standards for
the protection of calves® (Codified version);

4) Council Directive 2008/120/EC of 18 December 2008 laying down minimum standards for
the protection of pigs* (Codified version);

5) Council Directive 2007/43/EC of 28 June 2007 laying down minimum rules for the protection
of chickens kept for meat production®;

6) 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.”

These acts are based on scientific opinions that are outdated. In the context of possible drafting of
legislative proposals, the Commission needs new opinions that reflect the most recent scientific
knowledge. Since the EFSA has already accepted mandates on the protection of animals at the time of
killing, no opinion is requested on this topic. Against this background, the Commission would like to
request the EFSA to review the available scientific publications and possibly other sources to provide a
sound scientific basis for future legislative proposals.

This request is about the protection of dairy cows. The latest scientific opinion which was used for
the current legislation was published in 1997. Since then the EFSA adopted opinions on the welfare of
dairy cows in 2009,% 2012,° and 2015.%°

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

This request refers to cows which have had a calf and are kept for milk production and to pregnant
heifers in the last third of gestation. These include dual purpose breeds used for milk production.

For this request, the EFSA will:

1) Describe, based on existing literature and reports, the most prevalent housing systems and
practices of keeping them in the EU, including tie-stalls, cubicle housing and systems with
free lying area, combined or not with certain outdoor access with grazing.

2) Describe the following welfare consequences for the housing systems and practices
specified above:

e inability to perform comfort behaviour,
e restriction of movement,
e locomotor disorders,

1 03 L 221, 8.8.1998, p. 23.

2 0J L 203, 3.8.1999, p. 53.

3 01110, 15.1.2009, p. 7.

4 0J L 47, 18.2.2009, p. 5.

> 0J L 182, 12.7.2007, p. 19.

6 0J L 3,5.1.2005, p. 1.

7 0] L 303, 18.11.2009, p. 1.

8 Scientific report on the effects of farming systems on dairy cow welfare and disease. https://efsa.onlinelibrary.wiley.com/doi/
10.2903/j.efsa.2009.1143r

® Scientific Opinion on the use of animal-based measures to assess welfare of dairy cows. https://doi.org/10.2903/j.efsa.2012.
2554

10 Scientific Opinion on the assessment of dairy cow welfare in small-scale farming systems. https://efsa.onlinelibrary.wiley.com/
doi/abs/10.2903/j.efsa.2015.4137
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e metabolic disorders,
e mastitis.

3) Define the most feasible animal-based measures to assess the welfare consequences
above;

4) Identify the most relevant hazards, leading to the welfare consequences above mentioned

5) Provide recommendations to prevent or correct the welfare consequences above mentioned
(resource and management-based measures). The recommendations should be based on
key risk factors that may increase the likelihood of welfare consequences to occur.

6) Identify the specific relevant hazards, leading to the welfare consequences above-mentioned
and which can be used to classify the level of risk for animal welfare based on data
currently collected (e.g. milk production, herd size, housing system etc.).

The terms of reference (ToR) received by EFSA were discussed and interpreted by the EFSA panel on
Animal Health and Welfare and by the EFSA Working Group (WG) on the welfare of dairy cows.
Definitions were discussed and agreed, and the methodology to address each part of the request defined.

The WG adopted the definition of a dairy cow provided in the mandate text; ‘a cow which have had
a calf and are kept for milk production and to pregnant heifers in the last third of gestation. These
include dual purpose breeds used for milk production’. Accordingly, younger, or male cattle were not
considered in the SO. In addition, only welfare on farm aspects was discussed; welfare aspects related
to the welfare during transport, slaughter or on-farm killing were considered out of scope.

Assessment 1 (Chapter 4) of this opinion covers ToR1 of the mandate (‘Describe, based on existing
literature and reports, the most prevalent housing systems and practices of keeping them in the EU,
including tie-stalls, cubicle housing and systems with free lying area, combined or not with certain
outdoor access with grazing’) and describes the above-mentioned housing systems. Per each system,
the opinion reports the distribution in the EU and gives an overview of main strengths, weaknesses
and hazards reducing the welfare of dairy cows. Assessment 1 does not include a comparison of
housing systems, which is instead addressed later in the opinion (see Assessment 2).

It was agreed that the most prevalent housing systems in the European Union (EU) were already
included in the mandate text, and hence, no new system was added to the list of those to be
assessed. However, the type of system was refined in some cases: systems with free lying area were
named ‘open-bedded systems’ and further specified into ‘straw yards’ and ‘compost and manure-
bedded systems’; access to outdoor areas was differentiated into ‘access to outdoor loafing’ area and
‘access to pasture’. This was because it was considered that the characteristics of these systems had
different elements potentially impacting welfare that deserved to be specified and discussed.
Furthermore, the wording ‘housing systems’ was used instead of ‘husbandry systems’ because the
focus on the opinion was on the housing infrastructure rather than dairy management practices.

Assessment 2 (Chapter 5) covers ToR 2 (‘Describe the following welfare consequences for the
housing systems and practices specified above: inability to perform comfort behaviour, restriction of
movement, locomotor disorders, metabolic disorders, mastitis’), ToR3 (‘Define the most feasible
animal-based measures to assess the welfare consequences above’), ToR4 (‘Identify the most relevant
hazards, leading to the welfare consequences above mentioned”) and ToR5 (*Provide recommendations
to prevent or correct the welfare consequences above mentioned”).

For the five listed welfare consequences, it was agreed to adopt the definitions identified in the
EFSA methodological guidance for the development of animal welfare mandates in the context of the
Farm to Fork Strategy (see Section 3.1.1.3, EFSA AHAW Panel, 2022).

It was noted that the welfare consequence ‘resting problems’ was also very relevant to be
considered when evaluating welfare aspects of each housing system, but it was not specifically
mentioned in the mandate. Resting problems were additionally discussed in the context of the welfare
consequence restriction of movement.

In this document, ‘lameness’ and ‘locomotor disorders’ are considered synonyms and are used
interchangeably, and the term ‘foot and leg disorders’ is meant to also include problems that do not
necessary cause a change in gait or normal locomotion pattern.

Per each welfare consequence, a set of animal-based measures is suggested and an analysis of the
prevalence in different housing systems is provided. A detailed comparison of welfare consequences
among housing systems is provided in this section, and details about the hazards impacting on
different welfare consequences are reported.
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Hazards for each welfare consequence were further classified into ‘common hazards’ (considered
hazards potentially present in all husbandry systems; for instance wet surfaces, which can occur
regardless of housing system, as a hazard for lameness), and into ‘specific hazards’ (e.g. neck rail
position as a hazard for lameness in tie-stalls).

Management-related hazards are summarised at the end of each section. To keep the focus on
housing, it was agreed that management measures will not be reported in the recommendations.

Assessment 3 (Chapter 6) of this opinion covers ToR6 (‘Identify the specific relevant hazards,
leading to the welfare consequences above-mentioned and which can be used to classify the level of
risk for animal welfare based on data currently collected (e.g. milk production, herd size, housing
system etc.).).

The main objective was to identify potential herd-level variables that could be easily used in wide-
scale monitoring of farms to predict poor dairy welfare on farm.

While it was considered by the working group that such close indicators of on-farm welfare (and
that were not animal-based measures) were unlikely to exist, it was agreed to assess the scientific
literature to evaluate which relationships have been reported so far. Given that the EFSA Guidance for
developing Farm to Fork mandates (EFSA AHAW Panel, 2022) did not include a methodology to
address this type of requests, a dedicated method was developed to address this part of the mandate.

This aims at identifying herd-level characteristics that could provide an indication of welfare risk and
integrated in a welfare monitoring system. More details on the methodology used to address each
point of the mandate are described in the next section.

2. Data and methodologies

Peer-reviewed scientific articles were the main source of data used in the assessment. Data from
grey literature and from Member States such as official European statistics (Eurostat), official national
statistics, statistical reports from national institutions (e.g. VIT Germany) and statistical reports from
international/European institutions were also used to address ToR 1. See Appendix A for the list of
statistical offices and databases of the EU-MS countries.

2.2.1.1. Identification and description of housing systems (ToR 1)

To present figures on the importance of dairy cow husbandry in the EU-MS countries (e.g. number
of cows, milk yield), official data from EU Member States were used. For the description of the most
prevalent housing systems for dairy cows including main hazards for poor cow welfare, advantages
and disadvantages, an extensive literature search was run on ‘Web of Science’. Out of 112 search
results, 14 articles were identified as relevant. Details of the search and inclusion criteria are reported
in Appendix B, Table B.1.

2.2.1.2. Identification of welfare consequences, hazards and animal-based measures
(ToR 2, ToR 3 and ToR 4)

In this document, the overall approach to scientific assessment to welfare was that described in the
EFSA guidance risk assessment for animal welfare (EFSA AHAW Panel, 2012) and the more recent
EFSA AHAW Panel (2022). According to this theoretical framework, the welfare assessment consists of
two components, i.e. the risk assessment, with identification of the negative welfare consequences
(adverse effects) that occur to an animal in response to a hazard, and the benefit assessment, with
identification of positive welfare consequences. In the current document, EFSA addressed the
European Commission mandate by focusing on the adverse effects only, and in the context of this
opinion, the adverse effects are called ‘welfare consequences’.

Extensive literature searches were performed for each of the welfare consequences listed in the
mandate. From the retrieved papers, information on the welfare consequence prevalence in different
housing systems was derived, as well information on the associated hazards and animal-based
measures.
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Search string details, inclusion criteria and results of each search are reported in Appendix B
(Table B.2 for locomotory disorders, Table B.3 for mastitis, Table B.4 for restriction of movement and
resting problems, Table B.5 for inability to perform comfort behaviour, Table B.6 for metabolic
disorders).

Following the literature review, data were extracted from relevant publications and presented in a
tabular format to allow comparisons and observations of trends across studies.

The overall methodology to assess uncertainty in this SO followed the approach described in
Sections 3.2.1 and 3.2.2 of EFSA (EFSA AHAW Panel, 2022). The main sources of uncertainty relate to
study external and internal validity. External validity is very limited because of high variability between
production systems and management practices in different areas of the European Union. This means
that results from one particular study will not be generalisable to other farms, areas or countries.
Internal validity may be limited because some studies are small, cross-sectional, have not fully
controlled for potential confounders, and the measures used are rarely standardised. In this case,
there is a low degree of certainty that any causal relationships proposed are true effects. More
research using robust study design to establish causal relationships would be invaluable to provide
unequivocal evidence of the impact of farming system on dairy cow welfare.

A judgement on the certainty of each conclusion was carried out, except for those conclusions that
are purely descriptive (e.g. description of welfare consequences). The certainty ranges were derived
from three predefined certainty ranges from EFSA (2019) (Table 1). A group discussion took place
during which experts had the chance to explain the rationale behind their judgement, and a consensus
on which category better reflects the overall certainty was reached.

When a certainty range is added at the end of a paragraph in the conclusions, it is considered that
it applies to all sentences within that paragraph.

Table1l: Certainty ranges defined in EFSA (2019) and used to classify the certainty of conclusion
statements

Certainty range 50-100% 66-100% 90-100%

Expression of certainty = More likely than not  From likely to almost certain  From very likely to almost certain

3. Assessment 1: most common housing systems for dairy cows in the
EU

Over the last decades, various housing systems have been developed for dairy farming, and these
may be combined with different lengths of grazing period, which vary between country and region.
Throughout Europe, accommodating dairy cows indoors, at least during winter, is widely practised.
Pure pasture-based systems (without winter housing), as in New Zealand, are only present to a small
extent within Europe (Reijs et al., 2013), e.g. in the Portuguese Azores (de Almeida et al., 2021) and
on a small proportion of dairy farms in Ireland. In several MSs or regions, such as Ireland and Galicia
(Spain), as well as in the case of transhumant systems in the Alpine regions (Tarantola et al., 2016;
Zuliani et al., 2018), pasture-based production during the summer is combined with indoor-housing
during winter.

Despite the ongoing agricultural transition to more intensive and larger scale farming systems,
small-scale farms are the majority in various EU MS (e.g. Poland, Romania, Lithuania, Bulgaria) as
represented by the traditional farm type in the Alpine region (Zuliani et al., 2018). Particularly in these
small-scale farms, tie-stall systems, where the cows are permanently tethered during the winter
months, remain common (e.g. Winnicki and Jugowar, 2011; Popescu et al., 2013; Tarantola
et al., 2016; Vaarikkala et al., 2019; Blanco-Penedo et al., 2020; Lora et al., 2020). However, various
types of loose housing are now also relatively common, particularly in medium-sized and larger farms
(e.g. Animal Welfare Centre, 2014; Pollinger et al., 2018; Statistisches Bundesamt, 2021b).

An essential criterion for differentiating between dairy cow housing systems, apart from tethered
animals (tie-stalls) versus loose housing, is the design of the lying area. This can be in the form of
single free stalls (cubicles) in which lying areas are separated for individual animals or a free, open

www.efsa.europa.eu/efsajournal 13 EFSA Journal 2023;21(5):7993

85U80]7 SUOWILLOD BAIIea1D) 3edl(dde a3 Aq paueAob 818 S9p e YO 8SN JO S8|nJ 10} Aeud1 78Ul UQ AB|IA UO (SUOIPUOD-PUE-SLLBIL0D" A8 | 1M Ae.d Ul juo//Sdy) SUORIPUOD pue SWB | 81 89S *[G202/0T/80] Uo A%iqiTauliuo A8|iM ‘€66, €202 esie" [/£062°0T/I0p/woo" As i Areiq Ul juoes j9//Sdny wolj pepeojumod ‘G ‘€202 ‘ZEL7TEST



Dairy cow welfare eFSzJJ O U R NAI_

area that is used for movement as well as for lying and resting. Systems with cubicles can be designed
with shallow or deep bedding, which can differ in the effect on animal welfare. Systems with an open
lying area usually contain bedding material (full-slatted systems are not common in the dairy cow
sector); essentially, a distinction can be made between straw yards (deep-litter systems) and more
recently developed manure- or compost-bedded packed barns (Blanco-Penedo et al., 2020). Particular
types of loose housing with an unstructured lying area are the so-called garden barns, which combine
an artificial floor that separates manure and urine with rows of trees and shrubs (Galama et al., 2020).
This novel housing type, which is currently rare, is not described further in this report.

Both tie-stall and loose housing barns can be designed as insulated or not insulated (naturally
ventilated) systems (Lambertz et al., 2014). Both types of housing may be supplemented by an
outdoor loafing area, which offers additional space for exercise and exposure to outdoor weather
conditions. Housing systems may also be combined with access to pasture which can vary in use and
intensity — from less intensive exercise (‘jogging’) pastures to more intensive grazing pastures.

An overview of the husbandry systems including aspects described above is provided in Figure 1.
Detailed information on the main characteristics of each housing system including the key strengths,
weaknesses and hazards of each system in terms of animal welfare are given in Sections 4.2, 4.3, 4.4
and 4.5 below.

Tie-stall systems ‘ [ Loose housing systems ] ‘ Pasture-based systems
‘ Cubicle (freestall) ’ ‘ Glrandhed il evmras ’
systems
Compost-/manure-
‘ Straw yards N Bedred pack 1
v v ‘ v . 3 ,
No outdoor access 1 [Outdoor loafing area 1 ‘ Exercise pasture ‘ Grazing pasture ‘

Figure 1: Overview of prevalent housing systems for dairy cows in the EU Member States

A description of dairy cow housing systems in selected EU member states is given in Appendix C
including the main milk-producing countries (in terms of total milk quantity) as well as other countries
representing a range of different climatic regions.

In tie-stall systems, animals are tethered while in the barn; however, a distinction can be made
between (a) permanent tethering (all year round) and (b) tethering during the winter period combined
with a varying degree of access to pasture during the summer (review in Beaver et al., 2021). In the
case of grazing during summer, cows will be tethered for part of the day and/or at milking times.
Some farms also provide access to an outdoor loafing area in winter for cows otherwise kept in tie-
stall systems.

In organic farming in the EU, tie-stall housing of cows is only permitted in exceptional cases:
according to Regulation (EU) 2018/848, small-scale farms with a maximum number of 50 animals
(excluding young stock) can be approved to allow their cows access to pasture during the grazing
period, and during the rest of year to give cows access to an outdoor area for exercise twice per week
(Duval et al., 2020).

Depending on the herd size, housing typically consists of one or more rows of tie-stalls (Maasikmets
et al.,, 2015; Tarantola et al., 2016) each with an alley to remove the manure. The alley is also used as
a walkway by the cows if, e.g. access to pasture or an outdoor loafing area is provided. The individual
stalls can differ in terms of dimensions (length, width and height), lying surface (with or without
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rubber mat), bedding material and depth of it (such as straw, saw dust or sand) and in terms of type
of tethering (e.g. neck chain or neck rails) (review in Beaver et al., 2021).

One characteristic feature of tie-stalls is that different cow activities, e.g. feeding/drinking, lying/
resting, comfort behaviour, social and elimination behaviours and milking have to take place in the
stall. Milking in the stall is conducted using a pipe milking system or, in smaller farms, a bucket milking
system.

In conventional dairy farming, apart from the general requirements in Council Directive 98/58/EC,
there are no specific legal EU regulations/restrictions on tethering, except in individual countries, such
as Sweden, where access to pasture must be provided during the summer (Loberg et al., 2004), and
where construction of new buildings to tether cows has been prohibited since 2007 (Lundmark
Hedman et al., 2018). In Denmark, only tie-stall systems built before 2010 may currently be used.!!
A Danish ban on tethering will come into force in 2027 and until then grazing is mandatory in summer
in tethered herds (review in Beaver et al., 2021). In Austria,'? permanent tethering is not permitted,
but with exemptions in terms of lack of space for loafing areas or safety concerns.

Worldwide, tie-stall systems have been the predominant type of housing for dairy cows for decades
(EFSA AHAW Panel, 2009a,b). In 2008, the proportion of cows tethered at least temporarily during
winter in Europe was estimated to be between 20% in the lowlands and 80% in higher, marginal
regions (Veissier et al., 2008). Also, more recent literature describes tethering as common practice and
widespread throughout the EU, especially on smaller scale farms (Popescu et al., 2013; Nipers
et al., 2016; Tarantola et al., 2016; Blanco-Penedo et al., 2020; Lora et al., 2020). However, in various
countries, the use of tie-stall systems is declining compared to loose-housing systems (review in
Barkema et al.,, 2015) and data are available, e.g. for Germany (Statistisches Bundesamt, 2021b),
Austria (Pollinger et al., 2018), The Netherlands, Sweden, Denmark, Finland (Barkema et al., 2015)
and Estonia (Maasikmets et al.,, 2015). An overview of data from national statistics or broader
epidemiological research is provided in Table 2.

Table 2: Distribution of tie-stall systems reported for individual EU-MS countries

Country (Region) Level n farms % farms ncows % cows Reference

AT Sample 1,851 - - 37.0 Pollinger et al. (2018)

DK National 18.0 18,600 3.3 Statistics Denmark (2021a,b)

FI National - 70.0 - - Animal Welfare Centre (2014)

FR National - 10.6 - 5.5  Idele (2021)®

DE National 21,530 32.1 479,300 11.5 Statistisches Bundesamt (2021b)

IT (Alps) Regional - >98.0 - - (ISTAT 2005 in Corazzin et al.,
2010)

NL National - 8.0 - 4,0®  (review in Barkema et al., 2015)

PL (Wielkapolska) Regional - - 371,500 87.1 (Winnicki and Jugowar, 2011)

RO National - 75.0-90.0© - - (Popescu et al., 2013)

SE National - 42.6 - 21.6 (Sverige, 2021)

(a): Figures refer to the year 2015.
(b): Official national statistics from 2012 (CBS, 2012).
(c)' Estimates by the authors.

Strengths of tie-stall systems in terms of cow welfare have been reported such as a possible
reduction in prevalence of certain claw disorders (review in Beaver et al., 2021) and reduction in
agonistic interactions within the herd (Popescu et al., 2014).

11 BEKENDTG@RELSE nr 1743 af 30/11/2020 (Gaeldende) Bekendtggrelse om dyrevelfserdsmaessige mindstekrav til hold af kvaeg
(Free translation: Ministerial order no 1743 of 30/11/2020 (In force) Ministerial order on animal welfare minimum
requirements for housing of cattle).

12 BKA, 2004. Bundesgesetz, witzerm ein Tierschutzgesetz erlassen sowie das Bundes-Verfassungsgesetz, die Gewerbeordnung
1994 und das Bundesministeriengesetz 1986 gedn witzeerden. Bundesgesetzblatt Nr. BGBI. Nr 118/2004 (with most recent
modifications 28-07-2022). In German. https://www.ris.bka.gv.at/eli/bgbl/1/2004/118 (accessed 04-12-2022).
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Regarding weaknesses, various scientific studies conclude that keeping dairy cows in tie-stall
systems can impair animal welfare. Mitigation of hazards within this housing system may, however,
limit certain physical or behavioural problems (review in Beaver et al., 2021).

Important welfare implications of tethering compared to loose housing arise from the restricted
freedom of movement (Veissier et al., 2008), which can be associated with an increased prevalence of
locomotory disorders (Bielfeldt et al.,, 2005; Mattiello et al.,, 2005; Kara et al., 2011; Bouffard
et al.,, 2017), as well as an inability to lie or rest comfortably (Haley et al., 2000; Ostoji¢ Andri¢
et al., 2011; Popescu et al.,, 2014), an inability to perform comfort and social behaviour (review in
Beaver et al.,, 2021) and an inability to perform oestrus behaviour. In addition, tethering restricts
typical calving behaviour as well as early maternal behaviour.

Negative effects of tethering vary, however, depending on whether the cows are tethered all year
round or given access to outdoor areas or pasture. Compared to year-round tethering, temporary
access to pasture or an outdoor loafing area was found to be associated with a lower prevalence of
integument damage (Corazzin et al., 2010; Popescu et al., 2013; Bernhard et al., 2020), improved claw
conformation (Loberg et al., 2004; Corazzin et al., 2010) and reduced prevalence of lameness (Regula
et al., 2004; Mattiello et al., 2005; Corazzin et al., 2010; Popescu et al., 2013). The inability to perform
oestrus behaviour is associated with a lower prevalence of skin lesions and wounds in the tail head
and pelvis region (Felton et al., 2012).

Stall dimensions, characteristics of the lying surface and adequacy of tethering were found to be
important factors for impaired welfare of cows in tie-stalls (CIGR, 2014). Cows’ lying behaviour is
particularly inhibited and the risk of integument alterations increased, if cubicles are too short or
narrow, if lying surfaces are not well cushioned or if tethering is inadequate (too short neck chain or
poorly positioned neck rails) (Bouffard et al., 2017; Bernhard et al., 2020). However, short stalls and
short neck chains, although not recommended, can have a beneficial effect on the cleanliness of the
cows (Bouffard et al., 2017).

In tie-stall systems social behaviour within the herd is particularly limited; cows only have direct
contact with their immediate neighbours except at times when they have access to outdoor loafing
areas or pasture. Cattle are highly social animals and form a social herd structure based on dominance
and lasting preferential bonds (Bouissou et al., 2001). Restricted social behaviour in tethered herds
might negatively affect the animal welfare. Tethered cows with 1 hour of daily access to a yard
performed a similar level of social interactions during this 1 hour as loose-housed cows did during a
day (Krohn, 1994), suggesting a rebound effect and thus that social behaviour had been thwarted
during tethering. Conversely, restricted social behaviour in tie-stall systems can be advantageous for
lower ranking cows since fewer agonistic interactions are possible (Popescu et al.,, 2014) and the
competition for feed and lying places is restricted (von Keyserlingk and Weary, 2010).

Principal strengths and weaknesses, as well as hazards that contribute to reduced welfare in tie-
stall systems are summarised in Table 3 (see also chapter 5 for a detailed comparison between this
and other housing systems).

Table 3: Strengths, weaknesses and hazards that contribute to reduced welfare in tie-stall systems

Strengths Reduced prevalence of certain claw disorders e.g. digital dermatitis and white-line
disease (review in Beaver et al., 2021)

Reduced agonistic interactions within the herd (Popescu et al., 2014)

Weaknesses Increased risk of integument damage (Ostoji¢ Andri¢ et al., 2011; Bouffard et al.,
2017; Bernhard et al., 2020)

Increased risk of certain claw disorders e.g. heel erosion and lameness (Bielfeldt
et al., 2005; Kara et al., 2011; Ostoji¢ Andri¢ et al., 2011; Bouffard et al., 2017)

Inhibited lying behaviour (Ostoji¢ Andric et al., 2011; Popescu et al., 2014; Bouffard
et al., 2017)

Inhibited social behaviour (review in Beaver et al., 2021)
Restriction of movement (Veissier et al., 2008)
Inhibition of oestrus behaviour (Felton et al., 2012)
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Hazards of reduced Period of time tethered (i.e. permanent (year-round) as opposed to periodic tethering
welfare of cows) (Regula et al., 2004; Popescu et al., 2013; Bernhard et al., 2020)

Inappropriate stall dimensions (Bouffard et al., 2017)
Inappropriate lying surface (Bernhard et al., 2020)

Inappropriate characteristics of tethering (e.g. length of neck chain) (Bouffard
et al., 2017)

Cubicle systems are based on the provision of free stalls (cubicles), which define where cows are
supposed to lie. Passageways between rows of cubicles and the feed alley provide space for
movement, loafing and feeding of cows. Faeces and urine are deposited on the floor of the alleys. In
order to drain the floor surface, manual or automatic manure scrapers, manure robots, washing
systems or slatted floors are used. Regardless of the cleaning system, the material most commonly
used for flooring is concrete. In order to improve its softness and comfort for the cows while lying,
solid as well as slatted concrete cubicle floors can be covered with synthetic mattresses.

Cubicle housing systems can differ in terms of cubicle design and manure management system
(solid versus liquid), which may be associated with different floor types (solid versus slatted floors).
Cubicles are generally raised above floor level and typically have a concrete base with or without
synthetic mats, which may be accompanied by bedding material, the layer of which can vary from
rather thin to thick. A wide range of bedding materials are used; the most common are straw,
sawdust, sand and recycled manure solids.

Regardless of whether the cubicles are designed as shallow or deep-bedded, they are equipped
with partitions (cubicle fittings) to the sides and to the front (e.g. neck rail, front rail, brisket board),
which serve to guide the cow into the correct lying position and facilitate lying down and rising up
movements (reviewed by Bewley et al., 2017). Partitions serve to control the position of cows without
unduly restricting their movement (CIGR, 2014). The brisket board aids the cow positioning herself in
the cubicle while resting or standing; the neck rail encourages cows to move backward on rising and
prevents them from standing too far forward; the head rail prevents cows going too far ahead in the
cubicle (CIGR, 2014).

Loose housing with cubicles is the predominant dairy cow housing system in various EU-MSs (see
Section 4.2.2), especially on farms with larger herds (review in Barkema et al., 2015). In the countries
that are high milk-producing, especially in the west and north of the EU, such as Germany, The
Netherlands and Denmark, cubicle systems are used in the majority of dairy farms. In eastern EU-MSs,
such as Poland (Winnicki and Jugowar, 2011), Romania (Popescu et al., 2013) and Latvia (Nipers
et al., 2016), the adoption rates are likely to be lower, although increasing in humber. However, official
data are only available for some countries (Table 4).

Table4: Frequency of cubicle systems reported for individual EU-MSs

n farms % farms

Coun_t Yy Level n Farms with with n cows % cows Reference
(Region) . .
cubicles cubicles

AT Sample 1,851 - - - 59.0 Pollinger et al. (2018)

DK National - - 60.7®  Statistics Denmark
(2022b)

FR National - - 32.9 - 423  idele (2021)®

DE National - 36,950 55.1 3,461,900 83.1 Statistisches
Bundesamt (2021b)

DE (North) Sample 253 211 83.4 - - PraeRi (2020)

DE (East) Sample 252 198 78.6 - - PraeRi (2020)
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n farms % farms
Country

. Level n Farms  with with n cows % cows Reference
(Region) . .
cubicles cubicles
DE (South) Sample 260 175 67.3 - - PraeRi (2020)
NL National - - - - 95.0  CBS (2012)
PL Regional - - - - 12.9  Winnicki and
(Wielkopolska) Jugowar (2011)

(a): Refers to all cows in Denmark; 84% of cows in Denmark are dairy cows.
(b): Figures refer to the year 2015.

Strengths of cubicle systems over straw yards in terms of cow welfare have been reported as
improved cow cleanliness (Fregonesi and Leaver, 2001; Molina et al., 2020) and a reduced risk of
impaired udder health (Peeler et al., 2000; Fregonesi and Leaver, 2001; Leso et al., 2019).

Regarding weaknesses, cubicles provide a more restricted lying area than straw yards and
compost-bedded packs due to the partitions and other elements of the cubicles such as head and neck
rails thus potentially reducing the ability to move. Cubicles generally require a relatively large amount
of bedding material to maintain hygienic conditions and a comfortable lying surface. In systems with
shallow beds or mats, bedding needs are reduced but these systems offer reduced lying comfort. Dairy
cows lie down for longer in deep-bedded cubicles than in cubicles with mattresses with minimal
bedding (e.g. Tucker et al., 2003; Calamari et al., 2009). The dryness of bedding is important for
comfort around lying; cows demonstrated a clear preference for dry rather than wet bedding when
provided with both options (Fregonesi et al., 2007) and showed longer lying durations the less moist
beddings were (Reich et al., 2010). Furthermore, fewer hock injuries occur in cows housed in cubicles
with a deep bedding of straw, sawdust or sand than in cubicles with mattresses with minimal bedding
(e.g. Weary and Taszkun, 2000; Wechsler et al., 2000). Cubicles with shallow beds or mats have been
reported to be associated with an increased risk of claw disorders and a higher prevalence of
lameness, both when comparing year-round housing in cubicles to a pasture-based system (Olmos
et al.,, 2009a) and to deep-bedded cubicles (Cook et al., 2004; Fulwider et al., 2007) or straw yards
(Frankena et al., 2009).

Regarding hazards, the lying surface including inappropriate bedding, dimensions of the cubicles,
positioning of cubicle fittings and type of flooring (Bernardi et al., 2009; Brenninkmeyer et al., 2013;
Cook et al., 2004; Fregonesi et al., 2009; Fulwider et al., 2007; Lardy et al., 2021) is one of the main
hazards associated with cubicle housing systems with regard to cow welfare.

Increased integument alterations found in cubicle systems in various studies have been attributed
to abrasive lying surfaces and to contact/collisions with cubicle fittings (review in Kester et al., 2014).
The positioning of cubicle fittings, however, can have inconsistent effects on different aspects of cow
welfare; Bernardi et al. (2009) examined the effects of different neck rail positions on the cleanliness
of cows and found cows were dirtier and had more soiled udders when neck rails were less
restrictively positioned, because cows were more likely to defecate on the lying surface (Bernardi
et al., 2009; Fregonesi et al., 2009). Conversely, more restrictive positioning can have negative effects
in terms of integument damage (Brenninkmeyer et al., 2013), lying behaviour (Fregonesi et al., 2009)
and claw health associated with higher prevalence of lameness (Bernardi et al., 2009). Importantly, all
aspects of cubicle design should be specifically considered in relation to cow size (dimensions and
weight) in order to lower the risks of skin lesions, lameness and soiling (Lardy et al., 2021).

Another hazard is the type of floor in the alleys and at the feed manger. An inappropriate floor
surface, or insufficient cleaning of the floor, can cause impaired claw health in cubicle systems (Dippel
et al., 2009a; Somers et al., 2003, 2005a; Telezhenko et al., 2009). Roughened concrete surfaces can
lead to excessive claw wear and claw disease. Conversely, smooth and slippery floor surfaces can restrict
the natural behaviour of cows (Telezhenko and Bergsten, 2005). Covering the floor with rubber mats can
improve claw health, reduce prevalence of lameness (Eicher et al., 2013), improve locomotion and better
support cow comfort (by allowing self-grooming) and oestrus behaviour (Platz et al., 2008).

A summary of strengths, weaknesses and hazards for reduced welfare in cubicle systems is given in
Table 5 (see also chapter 5 for a detailed comparison between this and other housing systems). For
context, it should be noted that many of the quoted studies were undertaken over 10 years ago and
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since this time improvements in cubicle design and management have been made. It is therefore
uncertain the extent to which these risks currently apply.

Table 5: Strengths, weaknesses and hazards for reduced welfare in cubicle systems

Strengths Clean animals (Fregonesi and Leaver, 2001; de Boyer des Roches et al., 2014; Molina
et al,, 2020)
Improved udder health (Peeler et al., 2000; Fregonesi and Leaver, 2001; Leso
et al,, 2019)

Weaknesses Difficulties in lying and lying down/rising up behaviour (Cook et al., 2004; Fregonesi

et al., 2009; OImos et al., 2009a; de Boyer des Roches et al., 2014)

Increased risk of claw disorders and lameness (Cook et al., 2004; Bernardi et al.,
2009; Frankena et al., 2009; Burgstaller et al., 2016)

Increased risk of integument alterations (Brenninkmeyer et al., 2013; Fulwider et al.,
2007; de Boyer des Roches et al., 2014; Lardy et al., 2021)

Hazards of reduced Inadequate lying surface (Dippel et al., 2009a; Somers et al., 2003, 2005a;
welfare Telezhenko et al., 2009; Telezhenko and Bergsten, 2005)

Inadequate cubicle dimensions and positioning of cubicle fittings
Inadequate floor surface and cleaning management

Cubicles should allow dairy cows to lie and rest comfortably, and to lie down and rise up without
physical contact (collision or friction) against partitions. Recommendations for cubicle dimensions aim
to optimise cows’ comfort and hygiene (i.e. minimise soiling of the bedding), minimise the risk of injury
and facilitate natural behaviours. Recommendations are therefore a compromise between comfort and
hygiene.

Recommendations for cubicle dimensions differ according to cow size, which varies between
breeds. Important cow attributes are height at the withers, diagonal body length and width at
shoulders (Figure 2).

~

= 4

Height Diagonal body length

Width
at shoulders

Figure 2: Measurement of cows’ body dimensions (© CIGR)
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Definitions of criteria for measuring cubicle dimensions are listed below and illustrated in Figure 3.

Cubicle width: distance between the cubicle partitions.
Cubicle resting length: horizontal distance from the curb where the cow can lie: space
available for the cow to lie.
e Overall cubicle length: The overall cubicle length should provide for body space (lying,
standing), headspace and lunging space.
Neck rail height: vertical neck rail distance from the floor.
Neck rail distance: horizontal neck rail distance from the curb.
Brisket board height: vertical brisket board distance from the floor.

/)

A
Cubicle widtt '
ubicle wu/n/

Curb

A. sta

Cubicle

Neck rail

height Walking Alley

Brisket board height

] 1.
&' Brisket board distance
from the curb

Brisket board width

-)p === dg

Horizontal neck rail distance
from the curb

A==
| SERN "R

Horizontal Obstacle distance from the:urb

Figure 3: Schematic representation of important cubicle design criteria (© 2023 Elsevier inc.)

Scientific literature and technical recommendations for cubicle dimensions were assembled from
countries where information was available.!®> The information was extracted from several recent
sources; scientific papers (Lardy et al.,, 2021; CIGR, 2014) international technical recommendations,
and technical recommendations from several countries: AHDB (UK),'* TEAGASC (IRL), IDELE (FR),
Danish recommendations'® and legislation (DK)®; Wisconsin D7 (US),® Ontario (CAN) and Austria.

Having considered the different recommendations for cubicle design, the working group identified
specific elements of design to be of particular importance (Table 6). These are considered minimum
recommendations; no upper limit is mentioned in the reviewed sources.

13 https://projectblue.blob.core.windows.net/media/Default/Imported%20Publication%20Docs/Dairy%20housing%20cubicles.pdf

14 https://www.teagasc.ie/media/website/rural-economy/farm-management/cubicle_bed_2020.04.07.pdf

15 Indretning af stalde til kvaeg: danske anbefalinger: tveerfaglig rapport (Free translation: Design of housing for cattle:
interdiciplinary report). 2018. SEGES, Denmark.

16 BEKENDTG@RELSE nr 1743 af 30/11/2020 (Geeldende) Bekendtggrelse om dyrevelfserdsmaessige mindstekrav til hold af kvaeg
(Free translation: Ministerial order no 1743 of 30/11/2020 (In force) Ministerial order on animal welfare minimum
requirements for housing of cattle).

7 https://nydairyadmin.cce.cornell.edu/uploads/doc_317.pdfhttps://nydairyadmin.cce.cornell.edu/uploads/doc_317.pdf

18 https://www.ontario.ca/page/dairy-housing-free-stall-base-material-and-bedding-options
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Table 6: Recommendations for selected cubicle design criteria including examples for differently

sized cows
Examples for differently sized animals
. L . Holstein x Montbeliard cross Holstein (height at
Design criteria Recommendations  (height at withers 1.44m,  withers 1.52 m, diagonal
diagonal length 1.6 m; Lardy length 1.86 m) (Green M,
et al,, 2021) pers comm.)
Cubicle width (CW) 0.83 x cow height 1.2m 1.26 m
Cubicle resting length 1.1 x cow diagonal 1.76m 2.05m
(CRL) length
Cubicle length (CL): 1.8 x cow height 2.59m 2.74m
head-to-head, space
sharing
Cubicle length (CL): 2.0 x cow height 2.88m 3.04m
non-space sharing
cubicles (e.g. against a
wall)
Neck rail height (NRH)  0.80-0.90 x cow 1.28-1.44m 1.49-1.67 m
diagonal length
Neck rail distance: 1.2 x cow height 1.73m 1.82m
horizontal neck rail
distance from the kerb
(NRD)
Brisket board height 10cm 10cm 10cm
(BBH)

The examples of dimensions given in the above table are suggested for improving cow cleanliness
and decreasing injuries and lameness. Other studies explored the impact on rising and lying
behaviours (Dirksen et al., 2020) and demonstrated that increased dimensions (increased lung space
ratio) decreased the proportion of atypical head movements; however, detailed recommendations
about such increased dimensions are not reported.

From the above-mentioned literature, other important recommendations related to the design of
cubicles include:

Curb with 15-20 cm height, no sharp edges.

Slope between 2% and 5%.

Brisket board either round or without sharp edges.

Partitions with space to allow different lying/leg positions and prevention of injuries of hip and
rib.

Open-bedded systems are defined here as an open area without partitions for animals to rest and
exercise. This housing type is sometimes also referred to as free-walk systems (e.g. Blanco-Penedo
et al., 2020; Galama et al., 2020), but the term ‘open-bedded systems’ will be used in this opinion.

The design of open-bedded systems vary widely (e.g. Blanco-Penedo et al., 2020). As with cubicle
systems, the functional areas for lying/resting and moving can be separated from the feeding area in
the open-bedded system (two-area barn); in such cases, the animals are accommodated in two areas,
a solid floor feeding area and an open-bedded area. However, there are also designs that only offer
one uniform open-bedded area (single-area barn).

A main distinction between open-bedded systems is the bedding material used for the lying area.
The traditional system is a straw yard but alternative systems are compost-bedded packs (Leso
et al., 2020) and in drier regions manure-bedded packs (Klaas et al., 2010). Innovative special open-
bedded systems, such as the so-called cow gardens with artificial floors that separate manure and
urine (Galama et al., 2020), are typically used for experimental purposes and are therefore not
described in this opinion.

www.efsa.europa.eu/efsajournal 21 EFSA Journal 2023;21(5):7993

85U80]7 SUOWILLOD BAIIea1D) 3edl(dde a3 Aq paueAob 818 S9p e YO 8SN JO S8|nJ 10} Aeud1 78Ul UQ AB|IA UO (SUOIPUOD-PUE-SLLBIL0D" A8 | 1M Ae.d Ul juo//Sdy) SUORIPUOD pue SWB | 81 89S *[G202/0T/80] Uo A%iqiTauliuo A8|iM ‘€66, €202 esie" [/£062°0T/I0p/woo" As i Areiq Ul juoes j9//Sdny wolj pepeojumod ‘G ‘€202 ‘ZEL7TEST



Dairy cow welfare efszl.j O U R NAI_

Compared to tie-stall and cubicle systems, open-bedded systems are less common in the EU-MS.
Open-bedded systems may, however, be found in combination with cubicle housing systems, with dry
or recently calved cows being kept in open-bedded systems and other lactating cows in cubicle
systems. Data or estimates regarding the frequency of open-bedded systems are only available for
individual EU-MS, and in some cases, no distinction is made between conventional straw yard and
(compost-) bedded pack systems.

Data from national statistics or from broader epidemiological studies reveal percentages of farms
with open-bedded systems in the dairy cow sector ranging from 0.0 to 56.5% (Table 7). These
systems are more common in organic dairy farming in some countries.

Table7: Frequency of open-bedded systems (straw yards and compost-bedded pack barns) in
countries of EU-MS countries

Country Level nfarms % farms ncows % cows Reference

AT Sample® - - - 4.0 Péllinger et al. (2018)

DK National - - 182,000 32.2® Statistics Denmark (2021b)

FR National - 56.5 - 52.2 idele (2021)©

DE National 7,130 10.6 160,300 3.8 Statistisches Bundesamt (2021b)
NL National - - - 0.0 CBS (2012)

(a): n=1,851.

(b): Refers to all cows in Denmark; 84% of cows in Denmark are dairy.
(c): Cows figures refer to the year 2015.

Compost-bedded pack barns were first installed in the US as an alternative to conventional straw
yards (Janni et al.,, 2007; Lobeck et al.,, 2011; Black et al., 2013; Leso et al.,, 2020). Because of
perceived positive effects on cow welfare, the system received increasing attention, and was also
adopted in European countries a few years later. The first compost-bedded pack barn was built in
2009, in the Netherlands (Galama P., 2014). Use of compost-bedded packs has since been reported in
other EU MSs, e.g. Denmark (Svennesen et al., 2014), Spain (Astiz et al., 2014; Fuertes et al., 2021),
Italy (Leso et al., 2013), Germany (top agrar, 2019) and Austria (Ofner-Schréck et al., 2015;
Burgstaller et al., 2016; Pdllinger et al., 2018). It is also reported that in other EU MSs (i.e. Sweden,
Slovenia, Bulgaria, Slovak Republic, Finland) compost-bedded packs are in use (Leso et al., 2020).
Overall, however, the adoption of compost-bedded packs in the EU-MSs is believed to be very low
compared to other housing systems and also compared to straw yards.

In the limited available sources, only estimates of the total number of farms (the Netherlands and
Italy) or data based on an epidemiological survey (Austria) are reported (Table 8).

Table 8: Distribution of compost-bedded pack barns in EU-MSs

Country (Region) Level n farms % cows Reference

AT Sample® - 1.0 Péllinger et al. (2018)
IT National® 50 - Leso et al. (2013)

NL National® 40 - Galama P, (2014)
(a): n=1,851.

(b): Estimation of the total number of farms with compost bedded-pack barn within the country.

3.4.3.1. Description

Straw yards (also referred to as deep-litter systems) are the ‘conventional’ open-bedded system.
The lying area is regularly (usually daily) littered with straw, which causes the bed to deepen over
time. The frequency of removing the bedding is dependent upon the stocking density and litter
management and may be several times a year.

With regard to the space allowance, a lying area of at least 6 m? per dairy cow has been
recommended in order to ensure undisturbed lying for all animals (Bachinger et al., 2015; Pelzer, 2012;
Eilers, 2018). For horned dairy cows, larger areas ranging between 8 m? and more than 10 m? per
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cow has been recommended (Bachinger et al.,, 2015; Eilers, 2018; LAVES Tierschutzdienst, 2007;
Schneider, 2011). However, there is very limited scientific evidence supporting these recommendations.

3.4.3.2. Strengths, weaknesses and hazards that contribute to reduced welfare in straw
yards

Strengths of straw yards include offering potential for improved claw health and locomotion, and
less integument damage compared to cubicle systems (Brinkmann et al., 2011; de Boyer des Roches
et al., 2014; Frankena et al., 2009; Haskell et al., 2006; Rutherford et al., 2009; Somers et al., 2003).
With regard to aspects of natural behaviour, an investigation of cows’ time budgets by Fregonesi and
Leaver (2001) reported that cows in straw yard systems spent more time lying and ruminating, and
increased synchronisation of lying behaviour to a higher degree than cows in cubicle systems, which
may be attributed to increased comfort around resting.

Weaknesses of straw yards include the potential to have a deleterious impact on cow welfare,
because maintaining adequate cow cleanliness can be difficult. Cows in straw yards have been found
to be dirtier than those in cubicle systems (Fregonesi and Leaver, 2001), which was associated with
increased somatic cell counts (SCC) and a higher incidence of clinical mastitis (Barnouin et al., 2005;
Fregonesi and Leaver, 2002, Fregonesi and Leaver, 2001; Peeler et al., 2000). More soiling and
impaired udder health was identified in straw yards with lower space allowances in the lying area as
compared to larger space allowance (4.5 m? vs. 9 m? per cow; Fregonesi and Leaver, 2002).

Thus, hazards within straw yards contributing to reduced welfare include dirty bedding and limited
lying area.

Principal strengths, weaknesses and hazards that contribute to reduced welfare in straw yard
systems are summarised in Table 9 (see also chapter 5 for a detailed comparison between this and
other housing systems).

Table9: Strengths, weaknesses and hazards that contribute to poor welfare in straw yard systems

Strengths Natural lying and lying down behaviours (Phillips and Schofield, 1994; Fregonesi and
Leaver, 2001)

Improved claw health and locomotion (Livesey et al., 1998; Somers et al., 2003; Haskell
et al., 2006; Frankena et al., 2009; Rutherford et al., 2009)

Improved leg and joint health (Haskell et al., 2006)
Weaknesses Increased risk of dirty animals (Fregonesi and Leaver, 2001)

Increased risk of impaired udder health (Barnouin et al., 2004, 2005; Fregonesi and Leaver,
2001; Peeler et al., 2000)

Hazards of Poor hygiene of the lying areas (Fregonesi and Leaver, 2002; Barnouin et al., 2005)
reduced Inadequate space allowance (Fregonesi and Leaver, 2002)
welfare

3.4.4.1. Description

Similar to straw yard systems, in compost-bedded barns, the entire lying area consists of an open-
bedded pack for resting and activity. However, in compost-bedded pack barns, unlike conventional
straw yards, the bedding should be tilled daily to promote water evaporation and enhance aerobic
microbial activity to start the composting process (Leso et al., 2020).

Although compost-bedded pack systems in different regions and countries worldwide share similar
characteristics (i.e. an open-bedded lying area which is frequently cultivated), notable differences can
be found between systems developed in different climates (Leso et al., 2020). In particular, systems
prevalent in the US and gaining increasing interest in the EU can be distinguished from those in drier
regions: compost-bedded-pack systems common in Israel are based on the concept of providing cows
with large spaces. Due to the dry climates and low stocking density, little or no additional organic
material beside cow manure is needed to keep the lying surface dry (Klaas et al., 2010).

In contrast, compost-bedded pack barns in North America and the EU are typically bedded with
wood shavings, sawdust or other organic material that are compostable (other than straw). The
system requires tilling to incorporate the manure, urine and air into the pack and allow it to dry. For
the composting process to work, the internal temperature and moisture content of the pack must be
maintained at specified levels (Eckelkamp et al., 2016a).
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To allow for sufficient aeration and absorption of manure and urine by the bedding and the
composting process to work (Black et al.,, 2013), compost- and manure bedded pack systems
require a larger area per cow than what is typically available in cubicle and straw yard systems.
Examples of space allowances from the scientific literature are 7 and 9 m?/cow in Minnesota
(Barberg et al., 2007; Lobeck et al., 2011), 9-11 m?/ cow in Spain (Fernandez et al., 2020) and 25
m?/cow in Italy (Biasato et al., 2019). Recommended animal densities in the bedded area range
from 7.4m? (Janni et al., 2007) to more than 15.0m? per cow (Barberg et al., 2007; Lobeck
et al., 2011; Galama P, 2014; Biasato et al., 2019; Fernandez et al., 2020). Recommended stocking
densities depend on several factors, including climate, bedding, pack management and cow
characteristics (Leso et al., 2020).

3.4.4.2. Strengths, weaknesses and hazards that contribute to reduced welfare in
compost-bedded pack systems

Strengths of compost-bedded pack systems are described here. Studies have indicated that,
compared to other housing systems, compost-bedded pack systems have the potential to improve
aspects of cow welfare (review in Leso et al., 2020). The main reported advantages — particularly
compared to cubicle systems — include improved comfort while lying, enhanced claw health, a lower
prevalence of lameness and enhanced leg and joint health (Table 10).

Compared to cubicle systems with various lying surfaces, a lower prevalence of hock lesions
(Fulwider et al., 2007; Klaas et al., 2010; Lobeck et al., 2011) and lameness (Lobeck et al., 2011;
Borchers, 2018) or moderate lameness (Blanco-Penedo et al.,, 2020) was found in compost-bedded
pack systems in some studies. In contrast, Burgstaller et al. (2016) found no difference in the
prevalence of lameness between these two housing systems, although some types of lesions were
more common in cubicle systems. In terms of integument damage, the prevalence appears to vary
significantly depending on the bedding material used in the bedded packs (Shane et al., 2010), but a
lower prevalence of moderate and severe integument alterations (Fernandez et al., 2020) and fewer
hairless patches, leg lesions and swellings of lower hind legs (Blanco-Penedo et al., 2020) have been
reported for compost-bedded pack systems compared to cubicles.

Weaknesses of compost-bedded pack systems are described here. Research has indicated that
cows are dirtier in compost-bedded packs than in cubicle housing systems (Blanco-Penedo et al., 2020;
Fernandez et al., 2020), although other studies indicate that adequate cow cleanliness and udder
health can be achieved (Fulwider et al., 2008; Ofner-Schrock et al., 2015). According to the review by
Leso et al. (2020), adequate pack management and control of moisture are essential to maintain cow
cleanliness and to reduce the risk of mastitis. Leso et al. (2020) also recommend that large amounts of
bedding are used to keep the pack dry and cows clean, especially in cold and humid weather
conditions.

Hazards within compost-bedded pack systems which can reduce welfare include type of bedding
material and inadequate quantity of bedding material and poor pack management including failure to
control of moisture and heat.

In terms of cow behaviour, a study conducted in the US reported that cows in compost-bedded
pack systems tended to adopt natural lying positions (Endres and Barberg, 2007). Compared to cows
in cubicle systems, cows in compost-bedded pack barns were found to have longer overall daily lying
times (Eckelkamp et al., 2014; Borchers, 2018) with more frequent lying bouts and accordingly shorter
lying phases (Eckelkamp et al., 2014). Overall lying times, however, were shortened with increasing
temperature-humidity index (Endres and Barberg, 2007). In one study, the duration of the lying
movement was shorter on compost compared to cubicles (Ouweltjes and Smolders, 2014), while in
another study, the lying down and rising up movements were of similar durations on compost and in
cubicles.

Principal strengths, weaknesses and hazards that contribute to poor welfare in compost-bedded
pack systems are summarised in Table 10 (see also chapter 5 for a detailed comparison between this
and other housing systems).
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Table 10: Strengths, weaknesses and hazards that contribute to reduced welfare in compost-
bedded pack systems

Strengths Allow natural lying and lying down/rising up behaviours (Borchers, 2018; Eckelkamp
et al., 2014; Endres and Barberg, 2007; Ouweltjes and Smolders, 2014)

Improved claw health and locomotion (Lobeck et al., 2011; Ofner-Schrock et al.,
2015; Burgstaller et al., 2016; Borchers, 2018)

Improved leg and joint health (Fulwider et al., 2007; Klaas et al., 2010; Lobeck et al.,

2011)
Weaknesses Increased risk of dirty animals (review in Leso et al., 2020)

Increased risk of impaired udder health (Leso et al., 2019)
Hazards of reduced Heat production in the pack due to the composting process (review in Leso et al.,
welfare 2020)

Increased moisture in the lying surface (review in Leso et al., 2020)

In both tie-stall and loose housing, cows can be provided with additional outdoor loafing area
which is typically adjacent to the housing and provides the opportunity for exercise and access to fresh
air, sunlight and other weather elements. Access to pasture provides even greater access to these
resources, although at the same time, the risk of exposure to adverse weather conditions may
increase. Characteristics are described in the following chapters.

An outdoor loafing area (paddock, outdoor yard) 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. It is designed to give cows more space to perform behaviours normally restricted by
housing. These areas can be equipped with different facilities, such as cow brushes or additional
feeding or lying areas (Haskell et al., 2013; Smid et al., 2020). The space provided per cow tends
to vary greatly between farms (Dippel et al., 2009b; Schneider, 2010; Lutz et al., 2019; Thompson
et al., 2020).

3.5.1.1. Distribution

No data on the distribution of housing systems with outdoor loafing area were accessible in the
official statistics. However, data from epidemiological studies in broader or stratified samples were
available from individual countries and are listed in Table 11.

Table 11: Distribution of farms in which cows have access to an outdoor loafing area and/or
pasture reported in epidemiological studies for individual EU-MSs

Country (Region) Sample size % Farms Access to Reference

AT 1,851 50.0@ Outdoor loafing area Péllinger et al. (2018)
DE (North) 253 5.9 (85.4)®  Outdoor loafing area and/or PraeRi (2020)

DE (East) 252 17.5 (71.4)®  pasture

DE (South) 260 8.8 (48.8)®

NL 174 9.2 Outdoor loafing area de Vries et al. (2015)

(a): Only outdoor areas < 10 m? per cows were counted as outdoor loafing area.
(b): Farms providing only access to outdoor loafing area (in brackets farms providing outdoor loafing area and/or pasture).

3.5.1.2. Strengths, weaknesses and hazards that contribute to reduced welfare in
systems with access to outdoor loafing areas

The main strengths of the outdoor loafing area are seen in the access to the outdoor climate
providing cows with the opportunity to move outside if it is hot or humid inside the housing and in the
relatively low-cost expansion of exercise and loafing space for the cows, which may positively affect
animal health and behaviour. Especially for lower ranking cows, the additional area may be a place of
retreat and avoidance of agonistic interactions with conspecifics (Haskell et al., 2013). Cows will
prioritise lying behaviour when an area of pasture is used as a loafing area (Langford et al., 2021).
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However, cow welfare effects of an outdoor loafing area have, so far, only been investigated or
considered in a limited number of studies.

In the few studies on associations with claw and integument health, the results are inconclusive: in
cows kept in tie-stall systems with temporary access to an outdoor loafing area, Keil et al. (2006)
found less integument damage in cows spending more time per day in the outdoor area, but more
damage with more frequent access. On farms with loose housing systems, Dippel et al. (2009b) found
higher odds for lameness on farms with outdoor loafing area, which the authors attribute to the
confounding effects of other farm characteristics. Poorly designed or ill-kept outdoor areas can
increase the risk of some hoof diseases (e.g. foot rot, heel erosion) compared with animals always
indoors (Bielfeldt et al., 2005; O'Driscoll et al., 2008, 2009).

Results from studies on cow behaviour, focusing on social behaviour in herds with horned dairy
cows, however, point in the same direction: with increased outdoor loafing space allowance per cow,
fewer agonistic interactions (Schneider, 2010; Lutz et al., 2019) and lower prevalence of horn-related
integument damage were found (Schneider, 2010; Knierim et al., 2020).

Principal strengths, weaknesses and hazards that contribute to poor welfare in outdoor loafing
areas are summarised in Table 12 (see also chapter 5 for a detailed comparison between this and
other housing systems).

Table12: Strengths, weaknesses and hazards that contribute to reduced welfare in outdoor loafing
areas

Strengths Improved conditions for cows to thermoregulate and exercise (Galan et al., 2018)
Reduction in agonistic interactions with conspecifics (Schneider, 2010, Haskell et al.,
2013, Lutz et al., 2019)
Reduction in integument damage (Keil et al., 2006, Schneider, 2010, Knierim et al.,
2020)

Weaknesses Increase in certain hoof diseases (Bielfeldt et al., 2005; O’Driscoll et al., 2008, 2009)
Heat stress if free access to the indoor area is not provided (Galan et al., 2018)

Hazards of reduced Aspects of the design and management, such as quality of the floor, hygiene

welfare management and space allowance (Bielfeldt et al., 2005; O'Driscoll et al., 2008, 2009,
Lutz et al., 2019; Schneider, 2010, Knierim et al., 2020)

With regard to access to pasture, different intensities (in terms of hours per day, days per year and
area offered) can be distinguished in dairy cow husbandry. Essentially, a distinction can be made
between the following grazing systems:

— exercise-paddock, providing the cows restricted access to rather small pastures, mainly over
the vegetation period during spring/summer

— pasture-grazing and housing, where pasture contributes significantly to the dietary ration of
the cows, mainly over the vegetation period during spring/summer

— pasture-grazing only, where the cows are kept outdoors exclusively (Azores, Portugal) or for
the large majority of the year, with or without access to an out-wintering or stand-off pad
(enclosed area of pasture covered in bedding, e.g. wood bark; used in New Zealand and in
Ireland), (O'Driscoll et al., 2008; Al-Marashdeh et al., 2019).

3.5.2.1. Distribution

Due to climatic conditions and/or limited availability of pasture, year-round access to pasture is not
achievable in most EU countries (Reijs et al.,, 2013). Exceptions are the Portuguese Azores Islands,
with a mild climate all year round (de Almeida et al.,, 2021), and Ireland, though with a lower
proportion of farms. Common in Ireland, however, are pasture-based systems with grazing periods
over a large part of the year and shorter periods of winter indoor housing (Crossley et al., 2021).
Summer pasture is also a feature of vertical transhumant systems found in the Alpine region including
areas of Austria, Slovenia and Italy, aiming to exploit pastures located at higher altitudes during the
warmest months of the year. During the winter season, different housing systems are used (Corazzin
et al., 2010; Tarantola et al., 2016; Zuliani et al., 2018).

In most regions and countries of the EU-MSs, different grazing intensities (exercise or grazing
pasture) are practised during the summer grazing period. The nhumber of grazing hours each day and
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grazing days per year can vary markedly between countries and between farms within country (Reijs
et al., 2013; Becker et al., 2018; Hennessy et al., 2020).

Since around the 1990s, the proportion of farms offering access to pasture has been declining in
several EU countries, and an increasing number of farms has been converting to all-year-housing
systems (Reijs et al., 2013). The percentages of farms offering pasture or the percentage of grazing
dairy cows vary widely between countries and regions (Barkema et al.,, 2015; van den Pol-van
Dasselaar et al., 2020).

An overview of data from individual EU-MSs is presented in Table 13. Official statistics are only
available from individual countries (e.g. Germany, Denmark). In a recent review article by van den Pol-
van Dasselaar et al. (2020), educated estimates from the working group ‘Grazing’ (European Grassland
Federation) were compiled (data related to the years 2018-2019). However, it is important to note
that definitions used for ‘grazing’ in terms of daily grazing times and grazing days per year varied
between sources; therefore, these data should be considered as approximates. In addition, the
proportion of farms offering pasture for grazing was not provided separately for the different studies.

Table 13: Distribution of farms offering pasture/grazing to dairy cows reported for individual EU-
MSs based on national statistical data, epidemiological studies or educated estimates of
the working group ‘Grazing’; unless otherwise stated in footnotes, no standard definition
of grazing time per day or per year was given

Country (Region) Level % Farms % Cows Reference

AT Sample - 71.0 Péllinger et al. (2018)@

(n=1,851)
BE National - 30.0-90.0® van den Pol-van Dasselaar et al. (2020)
cz National - 5.0 van den Pol-van Dasselaar et al. (2020)
DK National - 24.7 Statistics Denmark (2021b)©
EST National - 10.0 van den Pol-van Dasselaar et al. (2020)
EST National 61 Reimus et al. (2020)
FI National - 80.0 van den Pol-van Dasselaar et al. (2020)
FR National - 90.0 van den Pol-van Dasselaar et al. (2020)
DE National 43.0 30.8 Statistisches Bundesamt (2021b)
GR national - 10.0 van den Pol-van Dasselaar et al. (2020)
HU National - 3.0-5.0 van den Pol-van Dasselaar et al. (2020)
IRL National - 95.0-100.0 van den Pol-van Dasselaar et al. (2020)
IT National - 10.0-30.0 van den Pol-van Dasselaar et al. (2020)
LT National - 75.0 van den Pol-van Dasselaar et al. (2020)
NL National 80.0 (65.0-85.0)  van der Peet et al. (2018)
PL National - 30.0® van den Pol-van Dasselaar et al. (2020)
PT National - 60.0 van den Pol-van Dasselaar et al. (2020)
SI National - 20.0-40.0 van den Pol-van Dasselaar et al. (2020)
ES (Northwest)® National - 20.0-30.0 van den Pol-van Dasselaar et al. (2020)
SE National 100.0 100.09@ van den Pol-van Dasselaar et al. (2020)

(a): 1-24h/day on average 115 days per year.

(b): Marked differences between the regions Flanders and Wallonia.

(c): Refers to all cows in Denmark; 84% of cows in Denmark are dairy cows.

(d): Educated estimate reported in (2020).

(e): Winnicki and Jugowar (2011) reported a share of 10% for Wielkopolska Region.

(f): Lower proportions of grazing cows are estimated for the south of Spain (Molina et al., 2020).
(g): The national law requires pasture access during summer for all dairy cows.

3.5.2.2. Strengths, weaknesses and hazards that contribute to reduced welfare in
systems that include access to pasture

Strengths of pasture access compared to zero-grazing are reported in several studies that have
shown positive effects on various aspects of cow welfare, including health and opportunities to
perform natural behaviour (Table 14). For most welfare outcomes, the more hours of grazing per day
and the more days per year, the stronger the effect (review in Arnott et al.,, 2017). Within-farm
comparisons between summer grazing and winter indoor housing periods have shown positive effects
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of grazing on various aspects of cow welfare (Burow et al., 2013a). Previous experience of access to
outdoor pasture may increase the time cows spend at pasture, except in inclement weather (Shepley
et al,, 2017).

Impaired udder health in terms of increased somatic cell counts and incidence of clinical mastitis
(Goldberg et al., 1992; Washburn et al.,, 2002; Firth et al., 2019), locomotor disorders including
integument alterations, claw disorders and lameness (Haskell et al., 2006; Hernandez-Mendo
et al.,, 2007; Olmos et al., 2009a; Burow et al., 2013a,b; de Vries et al., 2015; Wagner et al., 2017;
Armbrecht et al., 2018; Sjostrom et al., 2018) and reproductive disorders (Olmos et al., 2009b; Palmer
et al., 2012) have been reported to be reduced with longer grazing periods, compared with zero-
grazing or in a comparison of summer pasture to winter indoor housing. In some circumstances, the
improved udder health may be related to the fact that cows on pasture are exposed to a lower
challenge from environmental pathogens and are less soiled compared to housed cows (Ellis
et al., 2007; Nielsen et al., 2011). With regard to mortality, which could be considered an iceberg
indicator for cow welfare, lower rates were found with increasing number of hours on pasture or
compared to zero-grazing (Washburn et al., 2002; White et al., 2002; Burow et al., 2011; Alvasen
et al,, 2014).

Compared to tie-stalls or cubicle housing systems, pasture offers improved opportunities for cows
to exhibit natural behaviours. Herd behaviour was found to be more synchronised (Krohn, 1994;
Crump et al., 2019), and agonistic interactions between conspecifics occurred less often on pasture
compared to during indoor housing (O’Connell et al., 1989).

On pasture, cows walk longer distances than when housed, which more closely aligns with their
natural locomotion behaviour and walking to and from the milking parlour at least twice daily has been
associated with improved hoof and joint health and possibly facilitates the recovery from claw injuries
(Krohn, 1994; Hernandez-Mendo et al., 2007). However, walking on stony or uneven track surfaces
can result in lameness (e.g. Chesterton et al., 1989).

Experimental studies in Switzerland and the UK reported that dairy cows spend more absolute time
feeding on pasture, with shorter rumination times (Roca-Fernandez et al.,, 2013; Dohme-Meier
et al., 2014) and lower dry matter intakes (Dohme-Meier et al., 2014). In half-day grazing compared to
zero-grazing, however, no differences were found in the relative times of feeding (Shepley et al., 2017;
Smid et al., 2018).

In terms of lying behaviour, in most studies, pasture access has been associated with reduced daily
lying times, possibly due to the time required for grazing (see Section 4.3.5). However, also longer
total lying durations, longer lying bout duration and an increased number of lying bouts have been
reported, which could be explained by improved comfort while resting and less competition for lying
places (Crump et al., 2019; O'Connell et al., 1989; Olmos et al., 2009a; Singh et al., 1993). Several
studies have also shown that cows reduce daily lying duration when lying surfaces are wet (Tucker
et al., 2007; Schiitz et al., 2010; Chen et al., 2017), which may occur at pasture.

Dairy cows can suffer from heat stress at pasture (Polsky and von Keyserlingk, 2017). Hot
conditions lead to competition for shade and at the drinkers (Schutz et al., 2010, McDonald et al,,
2020), and may thus affect social behaviours.

Systems that include access to pasture have potential weaknesses in terms of certain disease
complexes, including parasitic infestation (e.g. Ostertagia ostertagi (Charlier et al.,, 2005; Forbes
et al.,, 2008), Fasciola hepatica (Bennema et al.,, 2011), thermal stress due to cold or hot climatic
conditions (review in Moons et al.,, 2014) and aspects of animal nutrition due to an insufficient or
discontinuous energy supply and variable feed quality. These nutritional issues can lead to lower
productivity, increase the risk of suboptimal body condition (Burow et al., 2013a; Crossley et al., 2021)
and metabolic disorders (review in Mee, 2012). High-yielding dairy cows on pasture might not be able
to meet their nutritional requirements exclusively from grazing (Hernandez-Mendo et al., 2007).
Grazing presents several hazards that can lead to a high prevalence of lameness, especially in animals
walking large distances (e.g. to be milked) on poorly maintained concrete roads or walking tracks. Also
rushing cattle while walking increases the risk of lameness (Chesterton et al., 1989; Clarkson et al.,
1996; Barker et al.,, 2009: Burow et al.,, 2014). Bran et al. (2018) showed that for every 1km/h
increase in the average speed of movement of the herd to or from milking, lameness incidence
increased by 5%.

Principal strengths, weaknesses and hazards that contribute to reduced welfare in systems that
include access to pasture are summarised in Table 14 (see also chapter 5 for a detailed comparison
between this and other housing systems).
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Table 14: Strengths, weaknesses and hazards that contribute to reduced welfare in systems that
include access to pasture

Strengths Reduced locomotor disorders e.g. dermatitis and heel horn erosion (Haskell et al.,
2006; Hernandez-Mendo et al., 2007; Rutherford et al., 2009; Olmos et al., 2009a;
Burow et al., 2013a,b; de Vries et al., 2015; Wagner et al., 2017; Armbrecht et al.,
2018; Sjostrom et al., 2018; Crossley et al., 2021)
Improved udder health (Goldberg et al., 1992; Washburn et al., 2002; Firth et al.,
2019)
Lower risk of reproductive disorders (Olmos et al., 2009b; Palmer et al., 2012)

More natural behaviours (O’Connell et al., 1989; Singh et al., 1993; Krohn, 1994;
Olmos et al., 2009a; Crump et al., 2019)

Lower risk of dirty legs and udders (Ellis et al., 2007; Nielsen et al., 2011)
Weaknesses Increased risk of thermal stress (review in Moons et al., 2014)

Increased risk of parasitosis (Charlier et al., 2005; Forbes et al., 2008; Bennema
et al., 2011)

Increased risk of low body condition and metabolic disorders (Hernandez-Mendo
et al., 2007; Olmos et al., 2009b; Burow et al., 2013a; Crossley et al., 2021)

Increased risk of locomotory and claw disorders e.g. sole ulcers (Chesterton et al.,
1989; Clarkson et al., 1996; Barker et al., 2009; Burow et al., 2014; Bran et al., 2018;
Navarro et al., 2013)

Hazards of reduced Insufficient shelter from adverse climatic conditions (review in Moons et al., 2014)
welfare Insufficient/discontinuous energy supply (review in Mee, 2012)
Inadequate parasite control (review in Arnott et al., 2017)

Poorly maintained walking tracks/roads, and rushing cattle while walking (Chesterton
et al., 1989; Clarkson et al., 1996; Barker et al., 2009; Burow et al., 2014)

4. Assessment 2: most relevant welfare consequences for dairy cows

This section focusses on foot and leg disorders that do cause a change in gait or to normal
patterns of locomotion (locomotory disorders) but also on disorders that do not necessarily cause such
changes.

Foot and leg disorders can be divided into claw disorders such as sole ulcer or white line disease
and disorders of the limbs (muscles, joints and skin). They are one of the major welfare issues in dairy
cows as these disorders are commonly associated with pain (e.g. Brenninkmeyer et al., 2013; Somers
and O'Grady, 2015; Burgstaller et al., 2016; Westin et al., 2016a; Fuhrer et al., 2019). Additionally,
they are often associated with restriction of the animals’ ability to perform natural behaviours, such as
locomotion and feeding. Foot and leg disorders can be associated with decreasing body condition and
an increased risk of concurrent disease (review in Alvergnas et al., 2019; Charlton and Rutter, 2017;
Huxley, 2013; Kester et al., 2014; Nuss and Weidmann, 2013; Oehm et al., 2019; Olechnowicz and
Jaskowski, 2011; Penev et al., 2012).

Additionally, poor claw conformation (e.g. due to claw overgrowth or excessive claw wear) may
affect gait and lead to lameness.

Lameness is an abnormal gait mostly resulting from injury or disease with pain being the most
common cause of altered gait. Tissue damage and associated inflammation lead to the stimulation of
nociceptors and release of e.g. pain mediators (Whay and Shearer, 2017). Depending on the type of
lesions, the development of hyperalgesia has been described in lame dairy cattle, especially in animals
with chronic lameness disorders. Hyperalgesia has been shown to last for 28 days after detection of
the lesion (Whay et al., 1998) making lameness a long-lasting welfare issue even after treatment of a
lesion. Severe forms of lameness which are characterised by inability or strong reluctance to bear
weight on one or more limbs are often associated with weight loss, emaciation and weakness, which in
addition to the highly painful state e.g. impair the animal’s ability to reach or compete for resources
such as feed and water.
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Foot and leg disorders are usually multifactorial in aetiology, resulting from interactions between
the farm environment, management, nutrition and animal characteristics including genetics, age and
stage of lactation (review in Alvergnas et al., 2019; Arnott et al., 2017; Logue and Mayne, 2014; Oehm
et al., 2019; Penev et al., 2012),

4.1.1.1. Claw disorders

Claw disorders can occur on individual or on several claws at the same time; however, the rear
lateral claws are more frequently affected than the rear medial or the front claws (Dendani-Chadi
et al., 2020). Causes of claw disorders can be divided into infectious and non-infectious. Both
infectious and non-infectious claw disorders are influenced by management and housing, e.g. bedding
types and floor characteristics and cleanliness.

In the ICAR claw health atlas (Egger-Danner et al., 2020), the ‘working group on functional traits’
harmonised descriptions of claw disorders in dairy cows.

Non-infectious claw disorders

Claw horn disruption lesions (CHDL) are a set of non-infectious foot lesions that include double
soles, horn fissures, sole haemorrhages, sole ulcers and white line disease (review in Alvergnas
et al.,, 2019). The exact aetiopathogenesis of CHDL remains unclear although a variety of hazards have
been reported including aspects of the cow’s environment and farm management practices (see later
sections).

Infectious claw disorders

Infectious claw disorders are associated with various microorganisms. Digital and interdigital
dermatitis as well as heel horn erosion are multi-bacterial in origin and associated with infection by
Treponema spp. in addition to other anaerobic and aerobic bacteria. However, the precise aetiology
remains to be determined (review in Alvergnas et al., 2019; Evans et al., 2016; Wilson-Welder
et al., 2015). Interdigital phlegmon (Interdigital Necrobacillosis), in contrast, is mainly caused by
Fusobacterium necrophorum following a puncturing trauma of the interdigital skin, although other
bacteria may also be involved (review in Alvergnas et al., 2019; Wilson-Welder et al., 2015).

4.1.1.2. Limb disorders

Musculoskeletal disorders (arthritis)

Infectious or septic arthritis is a sporadic problem in adult animals and usually develops following
penetrating wounds, extension from local infections, peri-articular cellulitis or from circulation of
pathogens originating from infectious diseases located elsewhere, such as liver abscesses,
endocarditis, lung abscesses, pneumonia, septic mastitis or chronic hoof infections (Desrochers and
Francoz, 2014; Peek and Divers, 2017). Trueperella pyogenes is the most common organism isolated
from septic joints (Peek and Divers, 2008). Arthritis and tendonitis caused by Mycoplasma bovis
appear to be a unique condition in adult dairy cows as it develops as a primary condition, usually
associated with high herd prevalence of incurable mastitis and pneumonia (Pfitzner and
Sachse, 1996a,b; Henderson and Ball, 1999; Penterman et al., 2022).

Uncomplicated and non-infectious trauma of some joints (usually carpus or tarsus) results in
swelling and pain leading to a reluctance to flex the limbs or even to lie down. If the housing
circumstances do not permit extension of the carpus when recumbent, further trauma to other
extremities may result (Peek and Divers, 2008).

Degenerative arthritis is not common in cattle (Peek and Divers, 2008).

Probably the most common sites for septic arthritis in adult dairy cows are the interphalangeal
joints (Heppelmann et al., 2009). These occur as extension of infections following hoof (e.g. sole ulcer)
or interdigital skin (e.g. foot rot) lesions. These arthritis and concurrent osteomyelitis cause severe
long-lasting pain. Cows will show very low body condition and reduced milk yield, normally leading to
early culling. Those that are kept on the farm will eventually develop ankyloses of the affected joints
but will be chronically lame (Desrochers et al., 1995).

Skin alterations (hock and knee lesions)

Integument alterations on the limbs (such as hock (tarsus) or knee (carpus) lesions) are the most
common integument alterations across housing systems and include multiple clinical presentations
ranging from mild hair loss to cellulitis, swelling and ulceration. The alterations can progress to more
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serious conditions involving subcutaneous tissue, bones or joints. Although a progression from mild to
severe alterations is often suspected (review in Nuss and Weidmann, 2013), it is still uncertain and
individual studies provide evidence for partly differing aetiologies. For instance, in a study by Potterton
et al. (2011), there was only one common hazard (cubicle bedding material) for different severities of
hock lesion. The authors concluded that ulceration was not the result of a progressive development of
hair loss and that the underlying aetiology differed between different severities.

Non-infectious hair loss over the tarsal or carpal joints occurs due to repeated pressure or friction
on abrasive surfaces when, for instance, lying or feeding. This mild damage indicates deficiencies in
the quality of the housing but does not necessarily lead to lameness. However, if the skin in areas of
hairless patches is penetrated, pathogens can enter. Infected and purulent lesions or lesions associated
with swelling can be painful and cause lameness. A systemic spread of the infection via the blood or
lymph systems can result in further diseases such as bacterial endocarditis. Swellings also predispose
to the development of arthritis (review in Kester et al., 2014).

Damage to the hock joint is one of the most common pathological changes of the limbs of cattle
and can primarily be attributed to inadequate dimensions of cubicles or hard or abrasive lying surfaces.
The risk of lesions becoming infected is strongly dependent on the hygiene of the lying area. Due to
the softer and more deformable nature of the surface, the prevalence of leg joint lesions was found to
be low in dairy cows kept in straw yard or pasture-based systems compared to cubicle and tie-stall
systems (review in Kester et al., 2014; Nuss and Weidmann, 2013).

Severe hock alterations have been reported to be associated with lameness (Brenninkmeyer
et al,, 2013; Burow et al., 2013b). However, the causal relationship between hock alterations and
lameness remains unclear, since lame cows were also found to have longer lying times, which could in
turn increase the risk of hock lesions (review in Kester et al., 2014; Nuss and Weidmann, 2013).

4.1.1.3. Claw conformation

Poor claw conformation traits have been found to be associated with lameness (Corazzin
et al.,, 2010) including foot angle, dorsal wall length, heel depth and diagonal distance (Boelling and
Pollott, 1998). Claw overgrowth due to too little locomotion and abrasion can lead to very long or
corkscrew claws (Egger-Danner et al., 2020). Excessive claw wear in contrast can lead to thin soles,
which again have been found to increase the risk of subsolar bruising, exposure of the corium at the
white line or sole ulcers (van Amstel et al., 2004).

Claw or joint disease or trauma can be identified by an inspection of the animals” limbs or claws
and lameness can be detected using a gait assessment. However, considerable heterogeneity is
present between studies in the definition and assessment of both claw disorders and lameness.

4.1.2.1. Animal-based measures for lameness

Lameness is described as an inability to express a normal and functional gait pattern in one or
more limbs usually as a consequence of pain, caused for example by claw diseases, excessive claw
wear, claw overgrowth, arthritis or other musculoskeletal disorders. A range of scoring systems
(Table 15) to identify lame cattle have been established based on different characteristics of
locomotion and body posture that rely on observations by humans (e.g. Sprecher et al., 1997; Welfare
Quality®, 2009). Moreover, scoring systems can be derived from new technologies (such as computer-
assisted kinematic techniques, pressure mats, weighing platforms, algometers and accelerometers)
which register changes in the gait of cows (review in Olechnowicz and Jaskowski, 2011, Chambers
et al.,, 1994; Chapinal et al., 2010; Pastell et al., 2010; Schulz et al. 2011; Alsaaod et al., 2012; Van
Hertem et al., 2013).
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Table 15: Measures used to assess lameness in cattle

Measure for Scale/ Categories Reference
method
Gait assessment 5-point Smooth and fluid movement Flower and Weary (2006), Sprecher
scale Imperfect locomotion, but ability to move et al. (1997), Winckler and
freely not diminished Willen (2001)
Capable of locomotion but ability to move
freely is compromised
Ability to move freely is obviously
diminished
Ability to move is severely restricted
Gait assessment  4-point Sound locomotion AHDB (2021), Barker et al. (2010)
scale Steps uneven or shortened
Identifiable problem in one or more limbs
Severely impaired mobility
Gait assessment  3-point Not lame Brinkmann and Stevens (2016),
scale Moderately lame Welfare Quality® (2009)

Severely lame

Assessment in  Four criteria to identify lameness from behind: weight = Leach et al. (2008) in Leach et al.
tie-stalls shifting, sparing a foot while standing, unequal weight (2009), Palacio et al. (2017)
bearing when stepping from side to side, standing on
the edge of the kerb

Since it is not certain that all claw disorders or lesions result in pain or lameness, gait scoring is
considered the most appropriate ABM for lameness as an evaluation of cow welfare (Table 16). Gait
scoring provides a practical, feasible method to assess dairy cow lameness on-farm.

Table 16: Gait assessment as an ABM for lameness in terms of feasibility, sensitivity and specificity

ABM Description of the ABM

Gait assessment Definition: 3-point scale (Brinkmann and Stevens, 2016; Welfare Quality®, 2009)

Feasibility: High — a practical way to assess lameness during on-farm inspection

Sensitivity and Specificity: High sensitivity and high specificity

4.1.2.2. Animal-based measures for claw disorders

Claw condition (conformation), lesions and diseases are recorded and diagnosed during inspection,
functional claw trimming and/or treatments by trained farmers, researchers, professional claw
trimmers or veterinarians. In scientific studies, different recording methods have been used, from basic
scoring systems that include lesion severity to methods that describe specific foot traits (e.g. wall
length and horn hardness) or diseases (e.g. digital dermatitis). Key animal-based measures for the
practical on-farm assessment of claw diseases are presented in Table 17.

Table17: Assessment of ABMs for claw conditions or claw diseases in terms of feasibility, sensitivity
and specificity

ABM Description of the ABM

Digital dermatitis =~ Definition: Bacterial foot lesion that alters gait or posture of the animal. M-stages scoring
system classifies the severity of the lesions (Egger-Danner et al., 2020 - ICAR Claw Health
Atlas). Higher score means more severe lesions.

Feasibility: High — less feasible than gait scoring but more feasible than scoring of all lesion
types

Sensitivity and Specificity: High sensitivity and high specificity (relates solely to
identification of digital dermatitis)

Lesions of the Definition: Scoring system for different types of claw lesions (Egger-Danner et al., 2020 - ICAR
claws Claw Health Atlas). Higher score means more severe lesions.
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ABM Description of the ABM

Feasibility: Low — possible if captured from routine foot trimming records otherwise not
easily conducted during on-farm inspections

Sensitivity and Specificity: High sensitivity but specificity dependent on the lesion type
(not all lesions result in clinical lameness which reduces specificity)
Prevalence by lesion type and severity would enhance interpretability

4.1.2.3. Animal-based measures for integument alterations of the limb

Multiple scoring systems for integument alterations of the limbs are in use with scores reflecting
severity in terms of animal welfare. Inspections are made either from a distance (e.g. Welfare
Quality®, 2009) or supplemented by palpation of the limb (e.g. Brenninkmeyer et al., 2013). Key
animal-based measures for the practical on-farm assessment of integument alterations of the limb are
presented in Table 18. These ABMs should be seen as complementary to the ABMs listed in Tables 16
and 17 for an overall assessment of lameness problems.

Table 18: Assessment of ABMs for claw conditions or claw diseases in terms of feasibility, sensitivity
and specificity

ABM Description of the ABM

Hock alterations Definition: 3-point scale from Welfare Quality protocol addressing different types of
alterations. Higher score means more severe lesions.

Feasibility: High — practical assessment method

Sensitivity and Specificity: Practical scoring system with high sensitivity and specificity

Knee alterations Definition: 3-point scale from Welfare Quality protocol addressing different types of
alterations. Higher score means more severe lesions.

Feasibility: High — practical assessment method

Sensitivity and Specificity: Practical scoring system with high sensitivity and specificity

4.1.3.1. Prevalence of lameness

The prevalence of lameness reported from studies of different housing systems varied markedly,
both within and between housing systems. For example, Katzenberger et al. (2020) found an average
of 7.9% lame cows in tie-stall systems, whereas Oehm et al. (2020), Popescu et al. (2014) and
Bouffard et al. (2017) found a substantially higher prevalence of over 20% lame cows using the same
scoring system (see Appendix D, Table D.1 for an overview of the literature).

An evaluation of different studies in cubicle systems also revealed a diverse picture (Appendix D,
Table D.2). Sjostrom et al. (2018) found the average prevalence of lame cows (moderately and
severely lame cows lumped together) ranging from 7% in Sweden to 26% in Germany and France.
Using the same scoring system (3-point scoring according to Welfare Quality®, 2009), Gieseke
et al. (2020) reported that on average 16% of cows in cubicle systems in Germany were severely
lame. The highest prevalence was reported by von Keyserlingk et al. (2012); on average, 55% of cows
assessed in each herd in the North-East of the USA were lame (score > 3 in a 5-point system) and 8%
were scored severely lame (score >4). The lowest proportions of lame cows among the studies
included in this work (6%) were reported from Algerian small-scale farms (Dendani-Chadi et al., 2020).

In straw yard systems, the proportion of lame cows (including severely lame ones) ranged from 6%
in Spain (Sjostrom et al., 2018) to 27% in the UK (Barker et al., 2010) (see Appendix D, Table D.3, for
an overview of the literature). This range is approximately comparable to that of studies in compost-
bedded pack systems (total lameness prevalence from 4% in the US (score > 3; Lobeck et al., 2011) to
25% in Austria (score > 3; Ofner-Schrock et al., 2015), see Appendix D, Table D.4). For pasture-based
systems (data recording in summer), a prevalence of 10% and 12% lame cows have been reported by
Crossley et al. (2021) and Somers and O'Grady (2015) (Appendix D, Table D.5).
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4.1.3.2. Prevalence of claw disorders

With regard to claw disorders, the herd prevalence depends on which traits or which disorders
were evaluated. The prevalence of infectious claw disorders (e.g. digital dermatitis, interdigital
necrobacillosis) is generally reported to be lower (0.0-3.1%) than non-infectious claw disorders (15.9-
46.6%) in all housing systems with the exception of heel horn erosion (26.9-59.9%) (e.g. Haggman
and Juga, 2015 for tie-stall systems and Burgstaller et al., 2016 for cubicle and compost-bedded pack
systems). Specifically for heel horn erosion, a prevalence of up to 59.9% in cubicle systems and 26.9%
in compost-bedded pack systems has been reported (Burgstaller et al., 2016). With regard to claw
overgrowth, a herd prevalence above 15% has been reported in all housing systems. See Appendix D,
Tables 6-8 for an overview of the literature.

There appears to be limited data related to herd prevalence of claw disorders in pasture-based
systems (Appendix D, Table D.9). However, similar studies that only evaluated populations of lame
cows within pasture-based systems suggest that white line disease and sole haemorrhage are the
most common lesions associated with lameness.

4.1.3.3. Prevalence of hock, knee and stifle integument alterations

A high prevalence of both mild and severe hock alterations is reported from studies in tie-stall
systems (e.g. 62.2% of mild hock alterations in Bernhard et al. (2020) and 58.3% of severe hock
alteration in Bouffard et al. (2017), see Appendix D, Table D.10). With regard to knee alterations,
prevalence differed between studies. Bouffard et al. (2017) found on average 43.8% cows with severe
knee alterations in a sample of Canadian dairy herds, whereas Bernard et al. (Bernhard et al., 2020)
found a mean prevalence of 13.8% in Swiss herds. Stifle alterations were only recorded separately by
Bernhard et al. (2020) and occurred less often compared to hock and knee alterations. In cubicle
systems, the prevalence of both mild and severe hock (or tarsus) and knee (or carpus) alterations
differed markedly between different studies (see Appendix D, Table D.11). Overall, the prevalence was
high (> 50% in Cook et al., 2016 and Ekman et al., 2018; > 20% in Burow et al., 2013b and Potterton
et al., 2011).

In comparison to studies on cubicle or tie-stall systems, studies in open-bedded systems
(exclusively in compost-bedded pack systems) found a prevalence of integument alterations at a lower
level (0-8.8%; Fernandez et al., 2020, Lobeck et al, 2011, Biasato et al., 2019, Ofner-Schréck
et al, 2015, see Appendix D, Table D.12 for more details). No data on integument alteration
prevalence in straw yard systems or pasture-based systems were reported in the reviewed studies.

Results presented in Section 4.1.3 illustrate substantial variability in the prevalence of lameness and
lesions within each housing system, which means that any assessment made between systems
requires caution. A summary of studies that have evaluated the prevalence of lameness, claw disorders
and integument damage between housing systems is presented in Tables 19, 20 and 21, respectively.

Table 19: Comparison of housing systems regarding lameness prevalence and/or mean lameness
scores

Straw Compost-bedded

Country  Variable Tie-stall Cubicle Reference

yard pack
Algeria % lame 1 Dendani-Chadi et al. (2020)
AT, IT % lame t Katzenberger et al. (2020)
PL % lame ns ns Olechnowicz et al. (2010)
Turkiye Mean score t Kara et al. (2011)
SRB % lame 1 Ostoji¢ Andric et al. (2011)
ES % lame ns 1 (1)® Pérez-Cabal and Alenda (2014)
ES % lame t Sjostrom et al. (2018)
FR, DE, SE % lame ns ns Sjostrém et al. (2018)
UK % lame 1® Griffiths et al. (2018)
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Straw Compost-bedded

Country Variable Tie-stall Cubicle Reference
yard pack

UK % lame ns ns Barker et al. (2010)
AT % lame ns ns Burgstaller et al. (2016)
ES % severely © 1© Fernandez et al. (2020)

lame
USA % lame 4@ @ Lobeck et al. (2011)
USA Mean score ns ns Eckelkamp et al. (2016b)

= significantly less lameness (p < 0.05), (1) = a tendency for less lameness (p < 0.1), 1 = significantly more lameness (p < 0.05);
ns = not significant or tendency. The housing systems compared are indicated by these arrows and empty cells mean that the
corresponding housing system was not included in the comparison.

(a): Only in primiparous cows, no significant effect found in multiparous cows.
(b): Cubicles with mats or shallow bedding.

(c): Not significant regarding % moderately lame cows.

(d): Not significant regarding % severely lame cows.

Table 20: Comparison of housing systems regarding prevalence of claw disorders

Straw  Compost-

Country Variable Tie-stall Cubicle yard bedded pack Reference
AT, IT Claw diseases ns ns Katzenberger et al. (2020)
Overgrown claws t
PL Claw diseases ns ns Olechnowicz et al. (2010)
FI Infectious claw diseases 1 Haggman and Juga (2015)
Non-infectious claw 1@
diseases
AT Heel horn erosion t Burgstaller et al. (2016)
White line disease 1
Concave dorsal wall 1
Interdigital hyperplasia 1
Double sole ns ns
Sole haemorrhage ns ns
Sole ulcer ns ns
Horn fissure ns ns
ES Inflamed coronet 1 Fernandez et al. (2020)

= significantly fewer disorders (p < 0.05), t = significantly more disorders (p < 0.05); ns = not significant. The housing systems
compared are indicated by these arrows and empty cells mean that the corresponding housing system was not included in the
comparison.
(a): Slatted floor.

Table 21: Comparison of housing systems regarding prevalence of integument alterations on the

limbs

Country Variable Tie-stall Cubicle S;;:;v b:c?cl;;flo:;;k Reference
AT, IT % hock alterations t Katzenberger et al.

% knee alterations 1 (2020)
UK % hock mild t Potterton et al. (2011)

% hock lesion 1

% hock swelling t
FR score for absence of l De Boyer des Roches

any type of injuries et al. (2014)
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Straw Compost-

Country Variable Tie-stall Cubicle yard bedded pack Reference
ES % carpus mild ns ns Fernandez et al. (2020)
% carpus severe ns ns
% tarsus mild 1
% tarsus severe ns ns
USA mean hock score ns® ns Eckelkamp et al. (2016b)
USA % hock alterations t Lobeck et al. (2011)

= significantly fewer alterations (p < 0.05), 1 = significantly more alterations (p < 0.05); ns = not significant. The housing
systems compared are indicated by these arrows and empty cells mean that the corresponding housing system was not included
in the comparison.
(a): Sand-bedded cubicles.

Several studies that have compared different housing systems with regard to foot and leg disorders
have reported advantages in terms of lameness (Table 19) and integument alterations (Table 21) in
cubicle systems compared to tie-stall systems, and in open-bedded systems (both straw yards and
compost-bedded pack) compared to cubicle systems. In some studies, however, no significant
differences were found between housing systems, which indicates that it is not necessarily the housing
system alone that is decisive, but also the respective design and management.

With regard to claw disorders, an overall improvement is generally reported from tie-stalls to
cubicles and from cubicles to open-bedded systems (Table 20). However, a differentiation must be
made between different aetiologies. A study by Haggman and Juga (2015) identified fewer non-
infectious claw diseases in straw yards than in cubicle systems, but the reverse was true for infectious
claw diseases.

In summary, results presented in Tables 19-21 suggest substantial within-system variability in the
prevalence of foot and leg disorders. It appears unlikely that any one system will always lead to a lower
prevalence of lameness than another; the comparison is likely to depend on the specific context (e.g.
quality and management) of the systems involved. Furthermore, the observational and cross-sectional
nature of many studies means that causality (in terms of each system ‘causing’ lameness) should be
attributed with care. Furthermore, many studies do not distinguish between different severity levels of
lameness or leg lesions, thus making conclusions on the actual welfare state of the animals difficult.

A summary of studies that have evaluated the effect of access to pasture (or outdoor loafing) on
the prevalence of lameness, claw disorders and integument damage between housing systems are
presented in Appendix D, Tables D.13, D.14 and D.15, respectively.

In the studies included in this SO, zero-grazing was compared with summer grazing, winter housing
periods with summer grazing periods or different grazing durations per day with regard to foot and leg
disorders. Individual studies have also included a potential effect of access to an outdoor loafing area.
Again, since most studies are observational by design, causality should be attributed with caution.

Lameness and integument alterations are usually less frequent in grazed herds in comparison to
zero-grazing herds whether in tie-stall systems (Popescu et al., 2013: zero-grazing vs. outdoor access
(pasture, paddock or both)) or in cubicles systems (de Vries et al.,, 2015: zero-grazing vs. summer
grazing; Chapnal et al., 2013 and Barrientos et al., 2013: zero-grazing vs. dry cows grazing). Longer
grazing periods are also associated with lower lameness and less integument alterations (Burow
et al., 2013b; Wagner et al., 2017; Armbrecht et al., 2019; Dendani-Chadi et al., 2020). For example,
in Armbrecht et al. (2019), the percentages of lame cows and cows with integument alterations were
lower in herds grazing more than 10 h/day in comparison to 6-10 h/day or < 6 h/day of grazing (access
to pasture at > 120 days/year, data collected at the end of the pasture season). However, some studies
reported no effect of outdoor access on lameness and integument alteration prevalences: e.g. Gieseke
et al. (2020) found similar prevalences during winter in zero-grazing herds in comparison to herds
grazing in summer for <6 h/day. Within grazing herds, some studies found a higher prevalence of
integument alterations during winter housing in comparison to summer grazing with no difference in
lameness prevalence (Burow et al., 2013a; Crossley et al., 2021). See Appendix D, Table D.13 and
Table D.15 for a literature overview.
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With regard to claw diseases, the effect of pasture grazing or access to an outdoor loafing area
was less clear (See Appendix D, Table D.14).

In summary, the impact of outdoor access on foot and leg disorders is variable and likely to be
affected by the specific context of each study. There is limited evidence that outdoor access is
associated with reduced lameness or reduced prevalence of claw disorders; this area requires further
elucidation. Evidence for an association between outdoor access and a reduction in integument
alterations is more compelling, although not absolute. Since most studies on outdoor access are
observational or consider a limited set of managemental conditions, the extent to which outdoor
access would be of general benefit for foot and leg disorders remains unclear.

With regard to the effects of different lying surfaces, research generally suggests that deep bedding
and soft, deformable surfaces offer advantages over surfaces that provide no cushioning for the cow,
ensuring comfortable locomotion and healthier limbs. Mats or mattresses installed on the stall base are
more deformable than plain concrete but can — depending on the design — also be more abrasive and
associated with increased prevalence of hock alterations, which has been reported in cubicle (Potterton
et al., 2011) and tie-stall systems (Bernhard et al., 2020).

In loose housing systems, floor type can affect prevalence of lameness and claw disorders which
may be attributable to standing on hard and/or wet surface, exposure of claws to liquid manure and
walking on either very rough or slippery surfaces (review in Endres, 2017). Soft flooring (e.g.
application of rubber on walking alleys) may help to reduce the wear on claws contributing to a
reduction in certain claw disorders (e.g. heel horn erosion) and lameness (Haufe et al., 2012; Chapinal
et al., 2013; Eicher et al., 2013). However, prevalence of sole haemorrhage was increased in herds on
rubber floor compared to herd on mastic asphalt, which is highly slip-resistant (Haufe et al., 2012).
Slippery or slatted compared to solid floor surfaces were identified as hazards for increased lameness
(Sarjokari et al., 2013) and increased prevalence of infectious and non-infectious claw disorders (Kujala
et al.,, 2010; Haufe et al., 2012; Haggman and Juga, 2015; Burgstaller et al.,, 2016). Strongly
roughened solid floors or higher proportions of mastic asphalt floors, however, can lead to excessive
claw abrasion and thus promote claw diseases, such as thin soles, and associated lameness (Fihrer
et al,, 2019).

Regular floor scraping reduces the exposure of claws to faeces and wet conditions, can be
beneficial for claw health (e.g. digital dermatitis: de Jong et al., 2021) and improve locomotion
(Chapinal et al., 2013; Somers et al., 2005a,b). However, automatic manure scraper systems were also
found to be a potential hazard for hock alterations (Barrientos et al., 2013), traumatic claw damage
(review in Penev et al., 2012) and lameness (Barker et al., 2010).

Effects of inappropriate tie-stall or cubicle dimensions and obstructed lunge space on the
occurrence of hock alterations, claw disorders and lameness have been shown in previous studies that
were not included in the literature search for this report (e.g. Busato et al, 2000; Somers
et al,, 2005a; Haskell et al., 2006; Keil et al., 2006; Dippel et al., 2009a,b; de Boyer des Roches
et al., 2019). For example, the ‘Newton Rigg’ style of cubicle in which the cubicle divider has a post
fitted to the rear edge of the lying area was associated with increased lameness and shorter lying
times (Leonard et al., 1994). These impacts on leg disorders are considered to be related to inhibited
lying behaviour, i.e. difficulty in lying down and rising up, collisions with the cubicle fittings and longer
times standing (Cook et al., 2004; Fregonesi et al., 2009; Dippel et al., 2009a; Olmos et al., 2009a;
Ostojic Andric et al., 2011; Popescu et al., 2014; Bouffard et al., 2017). As mentioned above,
adaptation to the cubicle dimensions (e.g. longer lying area, unrestricted neck rails) improves cow
comfort around resting, enhances claw and limb health and reduces lameness, but can be at the
expense of cow cleanliness and udder health (Bernardi et al., 2009; Fregonesi et al., 2009).

Having considered common hazards for foot and leg disorders, the following sections present
hazards for these disorders individually for different housing systems.

Various epidemiological or experimental studies have investigated potential housing, management,
herd or animal hazards for lameness, claw disorders and/or integument alterations on the limbs of
dairy cows. The majority of these studies were conducted exclusively in tie-stall systems or exclusively
in cubicle systems; specific studies on hazards at pasture are limited and in straw yards or open-
bedded systems no such studies were identified.

www.efsa.europa.eu/efsajournal 37 EFSA Journal 2023;21(5):7993

85U80]7 SUOWILLOD BAIIea1D) 3edl(dde a3 Aq paueAob 818 S9p e YO 8SN JO S8|nJ 10} Aeud1 78Ul UQ AB|IA UO (SUOIPUOD-PUE-SLLBIL0D" A8 | 1M Ae.d Ul juo//Sdy) SUORIPUOD pue SWB | 81 89S *[G202/0T/80] Uo A%iqiTauliuo A8|iM ‘€66, €202 esie" [/£062°0T/I0p/woo" As i Areiq Ul juoes j9//Sdny wolj pepeojumod ‘G ‘€202 ‘ZEL7TEST



Dairy cow welfare efszl.j O U R NAI_

In the following tables, only the identified housing-related hazards are summarised, as these
hazards are considered to be easier to regulate compared to the majority of the management-related
hazards (e.g. feeding regime, claw trimming or foot bathing strategy) or animal-related hazards (e.g.
breed, parity, lactation stage).

The presentation of results below is divided by housing system (tie-stall, cubicle system) and within
cubicle systems further stratified by different foot and leg disorders (lameness, claw disorders,
integument alterations).

4.1.7.1. Specific hazards for foot and leg disorders in tie-stall systems

For tie-stall systems, the identified housing-related hazards for lameness, claw disorders and
integument alterations are summarised in Table 22 and are mostly associated with stall dimensions,
stall design and lying surface.

Table 22: Housing-related hazards affecting lameness, integument alterations and claw disorders in
tie-stall systems

Housing-related hazards affecting lameness Effect Reference

Stall dimensions Recommended stall width Bouffard et al. (2017)
Medium and short (vs. long stalls) 1 Oehm et al. (2020)

Stall design Recommended horizontal tie rail position Bouffard et al. (2017)
Lower tie rail than recommended )

Housing-related hazards affecting claw disorders

Lying surface Concrete (vs. mats) 1 Haggman and Juga (2015)
Concrete (vs. mats or bedding material) 1 Kujala et al. (2010)

Housing-related hazards affecting integument alterations

Lying surface Bedding depth <2 cm (vs. >2cm) 1 Bernhard et al. (2020)
mats (vs. concrete) 1

Stall design Free lunge space (> 73 cm) Bernhard et al. (2020)
rear curb height > 13 cm vs. >25cm 1
absence of rear rail
Chain shorter than recommended tie rail T Bouffard et al. (2017)

position as recommended

1 = significant increase of prevalence of lameness (p < 0.05), | = significant decrease of prevalence.

4.1.7.2. Specific hazards for foot and leg disorders in cubicle systems

For cubicle systems, housing-related hazards for lameness, claw disorders and integument
alterations of the limb are summarised in Tables 23, 24 and 25.

Table 23: Housing-related hazards affecting lameness in cubicle systems

Housing-related hazards affecting lameness Effect Reference
Lying surface Mats/mattresses (vs. deep-bedded (sand)) t Andreasen and Forkman (2012)
Shallow (vs. deep-bedded) t Chapinal et al. (2013)
Concrete (vs. soft mats or deep-bedded) t de Vries et al. (2015)
Mats/mattress (vs. deep-bedded) t Husfeldt and Endres (2012), Cook
et al. (2016), Armbrecht et al.
(2019)
Abrasive (vs. soft surfaces) t Barker et al. (2010)
Shallow bedding, mat, mattress (vs. deep- t Griffiths et al. (2018)
bedded)
Mat/mattress (vs. deep-bedded) ns Cook et al. (2016)
Sand (vs. no bedding, mats, straw, sawdust, Westin et al. (2016b)
wood shavings)
Floor type Rubber on alley to milking Chapinal et al. (2013)
Slipperiness t Sarjokari et al. (2013)
Slatted vs. slatted + solid 1
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Housing-related hazards affecting lameness

Effect Reference

Grooved (vs. solid concrete®

Groove spaces <2cm vs. no or >2cm
Concrete (vs. rubber®)

Fully floored (vs. partially floored mastic

asphalt®)
Cubicle Higher neck rails
dimension Obstructed lunge space

Cubicle width > = 0.83 x cow height;

Neck rail height = 0.80 to 0.90 x cow diagonal

length

Unobstructed head zone > = 0.53 x cow height
Further Wider feeding alley
housing
hazards Higher cow: cubicle ratio

1
'
'
'

Pérez-Cabal and Alenda (2014)
Griffiths et al. (2018)

Eicher et al. (2013)

Fihrer et al. (2019)

Gieseke et al. (2020)
Westin et al. (2016b)
de Boyer des Roches et al. (2019)

Sarjokari et al. (2013), Westin
et al. (2016b)

Gieseke et al. (2020)

1 = significant increase in prevalence of lameness (p < 0.05), | = significant decrease in prevalence.

(a): Only in primiparous cows.
(b): Only during second lactation (effect of treatment*lactation).

(c): Mastic asphalt is a mixture of crushed stone gravel and bitumen (slip-resistant but abrasive), partially-floored mastic asphalt:

55-66% mastic asphalt, 33-45% rubber or plain concrete.

Table 24: Housing-related hazards affecting claw disorders in cubicle systems

Housing-related hazards affecting claw disorders

Effect Reference

Lying Peat vs. wood shavings

t Haggman and Juga (2015)

surface Sawdust vs. wood shavings, waterbed, solid manure, sand de Jong et al. (2021)
Floor type Fully floored vs. partially-floored mastic asphalt®

Slatted vs. solid

Concrete vs. rubber

Rubber vs. mastic asphalt and slatted concrete

(heel horn erosion)

Slatted concrete vs. rubber and mastic asphalt

(sole haemorrhage)

Rubber vs. mastic asphalt (sole haemorrhage)
Warm housing with slatted floor vs. cold housing with

heavy straw bedding and solid floor

t Fihrer et al. (2019)

t Burgstaller et al. (2016),
Haggman and Juga (2015)

) Eicher et al. (2013)

t Haufe et al. (2012)

1

1

t Kujala et al. (2010)

1 = significant increase in prevalence of claw disorders (p < 0.05),

55-66% mastic asphalt, 33-45% rubber or plain concrete.

= significant decrease in prevalence.
(a): Mastic asphalt is a mixture of crushed stone gravel and bitumen (slip-resistant but abrasive), partially floored mastic asphalt:

Table 25: Housing-related hazards affecting integument alterations in cubicle systems

Housing-related hazards affecting integument
alterations

Effect Reference

Lying Shallow (vs. deep-bedded)

surface
Shallow (vs. deep-bedded)
Concrete (vs. soft mats or deep-bedded)
Concrete/mats (vs. mattresses or deep-

bedded)
Hard surface (vs. soft surface)

Harder surface (rear part)
Mats (vs. deep-bedded)

1

ns

Brenninkmeyer et al. (2013), Barrientos
et al. (2013)

Cook et al. (2016)
de Vries et al. (2015)
Burow et al. (2013b)

Brenninkmeyer et al. (2013)

Armbrecht et al. (2019), Gieseke et al.
(2020), Cook et al. (2016)
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Housing-related hazards affecting integument

Effect Reference

alterations
Mattresses (vs. deep-bedded: sand, straw, t Andreasen and Forkman (2012), Cook
compost or manure) et al. (2016), van Gastelen et al. (2011),
Husfeldt and Endres (2012), Potterton
et al. (2011)
Mattresses (vs. shallow concrete) t Potterton et al. (2011)
Saw dust bedding (vs. straw or sand) t
Mats (vs. mattresses) t Ekman et al. (2018)
Saw dust, straw or combination (vs. peat t
bedding)
Saw dust (vs. straw whole or chopped) t Potterton et al. (2011)
bedding depth <2 cm (vs. >5cm) t
Compost (vs. sand) van Gastelen et al. (2011)
Sawdust (vs. straw) t Lardy et al. (2021)
Wet litter on the belly area (vs. dry)
No litter (vs. straw) t
Mat thicker than 1cm (vs. <1cm) t
Last 4 cm of the mat are soft (vs. hard)
Stone free soil (vs. concrete)
Absence of litter (= presence of mats)
Cubicle Shorter lying area 1 Brenninkmeyer et al. (2013)
dimension  Neck rail to rear 1.88-1.98 m (vs. > 2.08 m) 1 Potterton et al. (2011)
Neck rail height 1.11-1.15m 1
(vs.0.91-1.1m)
Length 2.33-2.71 m (vs. 1.84-2.18 m) 1
Brisket positioner to rear <1.78 m 1
(vs. >1.78 m)
Width lower than recommended 1 Ekman et al. (2018)
Wider cubicles (1) Gieseke et al. (2020)
Cubicle floor height 1 Lardy et al. (2021)
Height difference between cubicle floor and 1
walking alley relative to the height of the
cow Between 0.023 and 0.055 x cow’s
height (vs. <0.023)
Curb height relative to the height of the 1
cow < 0.11 x cow’s height (vs. [0.11, 0.15])
Cubicle Absence of curb 1 Brenninkmeyer et al. (2013)
design Less free space under partitions 1
More interrupted bob zones 1 Potterton et al. (2011)
Broken side rails 1
Less cubicles facing wall 1
Obstacle on the cubicle lateral plane 1 Lardy et al. (2021)
Obstacle in the cubicle median plane
More than one sharp edge on the curb 1
Absence of brisket board (vs. presence of 1

brisket board)

Round brisket board (vs. rectangle brisket
board)

1 = significant increase in prevalence of integument alterations (p < 0.05), (1) = marginal increase (p < 0.1) | = significant
decrease in prevalence (p <0.05).
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In summary, for cubicle systems, hazards for an increased prevalence of lameness were attributable
to aspects of lying surface, floor type, cubicle dimension and feeding alley dimensions. Increased bedding
depth and comfort were associated with a reduction in the prevalence of lameness in multiple studies.

Regarding claw disorders, the significant influencing housing hazards were related to lying surface
and floor type with slatted floors being identified as disadvantageous compared to solid floors. For
integument alterations of the limbs, housing hazards were related to cubicle dimensions, cubicle design
and lying surface. Although with regard to cubicle dimensions, results were partly contradictory:
Brenninkmeyer et al. (2013) reported a correlation between shorter cubicles and increased prevalence
of hock alterations, whereas longer stalls were associated with increased prevalence in the study by
Potterton et al. (2011).

4.1.7.3. Specific hazards for foot and leg disorders at pasture

Cows have to walk longer distances while at pasture than when housed and although this aligns
with natural locomotory behaviours which may be beneficial to foot health (Krohn, 1994; Hernandez-
Mendo et al.,, 2007), it may also be associated with an increased risk of lameness. In particular,
animals walking substantial distances on poorly maintained tracks are at increased risk of lameness
(Chesterton et al., 1989; Clarkson et al., 1996; Barker et al., 2009; Burow et al., 2014), with speed of
driving (forced movement of cows) a specific hazard. It has been reported that as the speed of forced
movement of cows to or from milking increased by 1 km/h, lameness incidence increased by 5% (Bran
et al,, 2018).

Over the last 15 years, a variety of epidemiological studies have been conducted related to hazards
for foot and leg disorders in dairy cows. These are summarised in review articles by Randall et al.
(2018) and Oehm et al. (2019). From 53 selected articles, Oehm et al. (2019) identified 128 hazards
for lameness; these related to a multitude of herd- and cow-level characteristics and farm
management practices. As pointed out in the review by Randall et al. (2018), most of the hazard
studies reported are observational and cross-sectional by design and while significant associations are
reported, the results provide weak evidence for causality. It is also notable that hazards identified in
the majority of these studies have not been confirmed in follow-up-controlled trials. Therefore, the
relevance of individual hazards for lameness, including their effect size and relative importance,
remains unclear.

Typically, epidemiological research on lameness has reported that only a small amount of the
variability in lameness is explained by hazards identified. For example, one study reported five
significant herd level hazards for lameness, but these only explained 12.7% of the total variation in the
prevalence of lameness across 197 herds (de Vries et al.,, 2015). In one study that did report
population attributable fractions, a previous case of lameness was found to account for 79-83% of the
overall risk of lameness, and by comparison, body condition score only accounted for 4-11% (Randall
et al., 2016). The potential confounding influence of lameness history, however, is rarely controlled for
in hazard studies and this is an important omission.

While noting these important caveats, the following general areas have been identified in previous
research as potential hazards for lameness:

e Management routines: claw trimming, promptness of lameness treatment, foot bathing, a
variety of specific dietary inclusions (although there is no clear evidence to support an
important effect of laminitis or subacute ruminal acidosis).

Farm-related: barn age and design, space allowance, ambient temperature.
Cow-related: parity, body condition score, days in milk, genetics, occurrence of previous
lameness, daily time budget, social hierarchy, specific phenotypic traits (e.g. foot angle).

e Calving-related: changes in diet, increased laxity of connective tissue in the foot (associated
with hormonal changes around calving), subacute inflammation, use of non-steroidal anti-
inflammatory drugs (preventive).

e Farmer-related: psychosocial characteristics, stockmanship.

Randall et al. (2018) summarised the current state of knowledge by suggesting there is an urgent
need for further research, particularly intervention studies, to demonstrate causality for hazards
identified and also to quantify the impact of hazards at population level.
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For this opinion, the descriptions of mastitis relate to cows in first and later lactation as well as
pregnant heifers in the last third of gestation kept for milk production. These include dual purpose
breeds used for milk production.

Mastitis is a disease, characterised by inflammation of the mammary gland (De Vliegher
et al.,, 2018) commonly caused by an intramammary infection (IMI), typically bacterial but less
commonly also fungal. The pathogens enter the mammary gland via the teat canal. The condition can
be divided in a clinical and a subclinical form, despite there is no respective definition of the two types.
Clinical mastitis (CM) is associated with clinical signs, such as abnormal milk and swelling of the
mammary gland. It represents a painful condition which results in e.g. reduced eating and lying time,
altered laterality of lying or restlessness at milking (Siivonen et al.,, 2011); severe cases of clinical
mastitis may also lead to hyperalgesia (Fitzpatrick et al., 1998). Clinical mastitis is thus considered a
substantial welfare problem. Subclinical mastitis is not associated with clinical signs and has to be
detected by the presence of an IMI either (a) directly (through culture of a causative bacterium
(BACT)/ pathogen) or (b) indirectly (by detection of an inflammatory response such as an elevated
somatic cell count (SCC)). The welfare relevance of subclinical mastitis is less well known. It is usually
not considered to be painful and therefore less welfare-relevant; one study, however, has reported a
slightly decreased nociceptive thermal threshold in animals with subclinical disease (Peters et al.,
2015). Most studies refer to either clinical or subclinical mastitis but commonly do not distinguish
between mild and severe clinical mastitis, thus making deductions on the severity in terms of animal
welfare difficult.

Bacterial pathogens causing IMI are commonly classified as major or minor pathogens. Major
pathogens, such as S. aureus, E. coli and S. uberis, are commonly associated with clinical or subclinical
mastitis. Minor pathogens such as coagulase-negative staphylococci usually do not cause clinical
mastitis but may even have a beneficial effect on udder health. Further pathogen classification is made
according to routes of transmission; pathogens are typically categorised as contagious (transmission
from cow to cow during milking) or environmental (transmission from environmental reservoirs to
cow). Because housing systems are more likely to influence environmental than contagious
transmission, environmental pathogens are in the focus of this opinion for the evaluation of differences
between housing systems.

Measures commonly used for the assessment of mastitis at the individual cow- and herd-level are
described in Table 26.

Table 26: Common measures used for assessment of mastitis

Indicator group

Variable

Methods

Reference

Bacterial culture

Bacterial culture

Identification of a
mastitis pathogen
Identification of a
mastitis pathogen

Based on aseptic quarter milk samples

Based on bulk milk samples

Duse et al. (2021)

Bauman et al. (2018)

Clinical Mastitis

Clinical Mastitis

Clinical Mastitis

Cases of cm/cows
at risk
Cases of CM/cows
at risk

Cases of CM/cows
at risk

Veterinary diagnoses/treatments based on
farm records

Veterinary diagnoses/treatments based on
national databases

Including severity of clinical signs: (a) mild:

only abnormal milk; (b) moderate:
abnormal milk with swelling or redness of
mammary gland; (c) severe: includes
systemic signs of iliness such as apathy,
anorexia, dehydration, or fever

Bradley et al. (2007)

Osteras et al. (2007)

Oliveira and Ruegg
(2014)
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Indicator group Variable

Methods Reference

SCC Bulk milk SCC Bulk milk scc; mean, geometric mean or
(bmscc) geometric weighted mean (weighted by
individual cow milk yields)
SCC Elevated cow SCC  Elevated SCC defined to indicate Deutsche

> 100,000 cells/mL  (subclinical) mastitis

Veterinarmedizinische
Gesellschaft (DVG),
2012

SCC Elevated cow SCC  Elevated SCC defined to indicate Santman-Berends et al.
> 150,000 cells/mL  (subclinical) mastitis in heifers (2012)

SCC Elevated cow SCC  Proportion of cows > 400,000 to indicate Welfare Quality®
> 400,000 cells/mL herd-level subclinical infection (2009)

SCC SCC dynamics e.g. from < 100,000 cells/ml to >200,000 Valde et al. (2005)

cells/ml; used to indicate new infections

SCC SCC group Average SCC of cow level milk samples
averages resulting from regular milk recording data,
over time; quarterly, monthly, yearly
SCC Cell count log or similar transformations to Normalise = Wiggans and Shook
transformations or rescale SCC data (reduces impact of (1987)
outliers)
Electrical Conductivity Sensors for measuring EC on milk from Khatun et al. (2017),

conductivity (EC) > 7.5 mS/cm or

each quarter, e.g. routinely implemented in  Norberg (2005)

animal-individual automatic milking systems
time-series

dependent
detection

It should be noted that measurements to characterise mastitis are not always defined precisely,
e.g. mastitis treatment incidence is sometimes explicitly limited to mastitis with clinical signs but at
other times not. In scientific papers, while it is likely that the majority of mastitis cases treated during
lactation have shown clinical signs, it cannot be excluded that, on some occasions, subclinical mastitis
cases have also been included in treatment analysis. Similarly, the definitions of incidence and
prevalence of mastitis differ between studies, specifically regarding level of disease, with recordings
varying between quarter-, cow-, lactation- or herd-levels.

Key animal-based measures recommended for the on-farm assessment of clinical mastitis are

presented in Table 27.

Table 27: Assessment of ABMs for mastitis in terms of feasibility, sensitivity and specificity

ABM

Description of the ABM

Clinical cases

Bulk milk somatic cell count

www.efsa.europa.eu/efsajournal

Definition: Incidence rate of clinical mastitis. Increased clinical cases is
indicative of more severe welfare impairment.

Feasibility: High - although dependent on availability and accuracy of vet/farm
records

Sensitivity and Specificity: High sensitivity and high specificity rely on
complete and accurate recording of clinical mastitis events on-farm

Definition: Bulk milk somatic cell count (SCC). Increased SCC indicates more
severe welfare impairment.

Feasibility: High — records readily available

Sensitivity and Specificity: Low sensitivity (because not all cows with acute
mastitis will contribute to milk in the bulk tank (milk withdrawn) and in addition,
individual cases may not be detectable because of dilution) and low specificity
due to e.g. high average age of herd
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ABM Description of the ABM
Individual cow somatic cell Definition: Specified increases in individual cow SCC values between
count (SCC) consecutive monthly recordings (or in case of AMS between milkings) to indicate

a new infection has occurred.

Feasibility: High — but information not routinely available in all farms (even
fewer farms with AMS)

Sensitivity and Specificity: Low sensitivity because acute cases of mastitis
that occur between sampling time points may be missed.

Possibly reduced specificity because other factors may increase SCC (e.g. end of
lactation).

Bacterial culture; screening of  Definition: Screening of individual cow milk samples for pathogens indicative
individual cow milk samples of mastitis.

Feasibility: Low - it requires exact sampling and lab analysis

Sensitivity and Specificity: Low sensitivity because most clinical cases might
be missed at a one-time herd screening.

Low specificity for clinical mastitis because some pathogens do not lead to
clinical signs.

Scientific studies indicate that the incidence and prevalence of clinical mastitis, levels of somatic
cell count and occurrences of IMI are very variable within each type of housing system; detailed
data are provided in Appendix E. This substantial variability within system suggests that no system is
likely to be associated with a consistently lower incidence or prevalence of mastitis than another.
Management practices are generally considered to play a more important role than housing system
itself and management practices to mitigate the risk of mastitis are outlined in Section 4.2.8 of the
opinion.

In this section, an evaluation is made of scientific studies that have compared the incidence or
prevalence of mastitis between housing systems. Results are outlined in Table 28. It should be noted that
in some studies, straw yard and cubicles systems were combined to make comparisons with tie-stalls.

Table 28: Comparison of housing systems regarding mastitis indicators (bacteriological findings,
clinical mastitis and somatic cell counts)

Straw Compost-

Country Variable Tie-stall Cubicle yard bedded pack Reference

Bacteriological findings (BACT)

CH BACT: environm. ns ns Bludau et al. (2016)
pathogens IMI®

FI BACT: CNS, S. uberis, ns ns Taponen et al. (2017)
S. dysgal., C. bovis
BACT: E. coli 1 (with parlour)

SE BACT: other pathogens ns ns Duse et al. (2021)
BACT: T. pyogenes 1

DE, DK BACT: quarter bact. t Ivemeyer et al. (2018)
pos. & SCC> 100

Clinical mastitis (CM)

T CM: medical dry-off t Zanon et al. (2021)

NO CM: mastitis ns ns Simensen et al. (2010)
treatments

SE CM: acute ns ns Nielsen and Emanuelson

(2013)
AT CM: acute or chronic ns ns Firth et al. (2019)
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- - - Straw Compost-
Country  Variable Tie-stall Cubicle yard bedded pack Reference
AT CM: CM /cow & year ns ns Schenkenfelder and
Winckler (2021)
CAN CM: CM/100 cow-years ns ns Levison et al. (2016)
at risk
USA CM: CM/305-cow-days t t Richert et al. (2013)
USA CM: CM/week ns ns Eckelkamp et al.
(2016a)
ES CM: CM in 150DIM 1 Astiz et al. (2014)
USA CM: CM® 1 Sjostrom et al. (2019)
Somatic cell count (SCC)
FI SCC: CSsCC ns ns Hiitio et al. (2017)
SCC: SCC>200in>1 0
of 4 test days
SCC: SCC >200in >3 0
of 4 test days
NO SCC: gBMSCC ns ns Simensen et al. (2010)
SE SCC: Score BMSCC© ns ns (with Nielsen and Emanuelson
parlour) (2013)
SE SCC: LL; HL; HH @) @) Persson Waller et al.
herds® (2021)
USA SCC: SCS® 1 Dechow et al. (2011)
CA SCC: gBMSCC t Bauman et al. (2018)
BE scc: scs® 1 1 Detilleux et al. (2012)
DE, DK SCC: SCS (deep- t Ivemeyer et al. (2018)
bedded)
SCC: cure during 1
lactation
AT, DE, IT, SCC: log;,SCC t Emanuelson et al.
NL, SI, SE scc: high SCC@ 1 (2022)
SCC: new high SCC® 1
1T SCC: CSCC 1 Biasato et al. (2019)
USA SCC: BMSCC ns ns Eckelkamp et al.
SCC: SCC > 200 ns ns (2016a)
ES SCC: mean lactation m @) Astiz et al. (2014)
SCC
USA scc: scs® ns ns Heins et al. (2019)
USA SCC: BMSCC @) @) 1 @) Eckelkamp et al.

(2016a)

= significantly less mastitis (p < 0.05), () = a tendency for less mastitis (p < 0.1), 1 = significantly more mastitis (p < 0.05);

(1) = a tendency for more mastitis (p < 0.1); ns = not significant. The housing systems compared are indicated by these arrows
and empty cells mean that the corresponding housing system was not included in the comparison.
(a): Primiparous cows, early lactation.
(b): Straw yard outside, compost bedded pack inside.
(c): Score BMSCC: very high, high, medium, low, very low.
(d): CSCC in first two test days: LL = low-low = primiparous cows with SCC <75 at first and second milk recording (< 75 < 75).
(e): Lower SCSin tie-stall confined and tie-stall outdoor + component feed vs. both cubicle systems and to tie-stall with outdoor +

TMR.

(f): Tie-stall and straw yard group together as one group.

(g): High SCC: > 150 in primiparous cows, > 200 in multiparous cows, HH = high-high = SCC > 100 at both test days (> 100 > 100);
HL = high-low = SCC > 100 < 75. — > % LL, HL, HH cows/herd & year. — > herds above Q2 in year 1 and above Q3 in year 2 and
3 classified as LL, HH, HL herds.
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In summary, Table 28 demonstrates variability of results for mastitis comparisons between housing
system in terms of e.g. bacteriological findings, clinical mastitis rate or SCC. While there is no clear
picture for the comparison between tie-stalls and cubicle systems, there is a tendency for straw yards
to be associated with an increased occurrence of mastitis compared to cubicle housing systems and
compost-bedded packs. The large number of studies that reported no significant differences between
systems, however, suggest that additional hazards other than simply housing system affect udder
health. Further housing- and management-related hazards that affect udder health are described in
the following sections.

When considering the effect of outdoor or pasture access on mastitis, comparisons made between
systems are highly dependent on the type and quality of both the housing and outdoor conditions
under consideration. It is, therefore, unsurprising that the results from scientific studies are highly
variable (Tables 29 and 30), with positive, negative and non-significant associations all reported.

Table 29: Effects of access to pasture (or outdoor loafing) on mastitis prevalence or mean somatic
cell count of dairy cows

Country System® Group Variable Analysis®  Effect Reference
comparisons
Bacteriological findings (BACT)
DE Tie-stall, Heifers on Bacteriological MA ns Kromker et al. (2012)
loose housing pasture vs. proof of IMI
heifers indoors
whole gestation
USA Loose- Pasture vs. Coliforms in MA ns Cicconi-Hogan et al.
housing, tie- no-pasture BM (2013)
stall
Clinical mastitis (CM)
AT Cubicle, straw Regular pasture CM MA Cicconi-Hogan et al.
yard, tie-stall access (2013)
AT Loose Pasture: 0 day/ CM/cow and MA ns Schenkenfelder and
housing, tie- year, 30-90 day/ year Winckler (2021)
stall year, 91-199
day/year, 200~
275 day/year
outdoor run: 0  CM/cow and MA ns
day/week, 1-2  year
day/week, 3-4
day/week, 5-7
day/week
CA Cubicle, straw Pasture vs. CM/100 cow- MA ns Levison et al. (2016)
yard, tie-stall confined years at risk
CA Tie-stalls, Pasture access, CM incidence MA ns Elghafghuf et al.
cubicle, straw confined heifers (2014)
yards Pasture assess  CM incidence MA
during DIM 0-13 in primiparous
confined DIM 0-13
IT na Pasture (7 CM UA ns Pugliese et al. (2021)
months) vs.
zero-grazing
IT Tie-stall, Pasture access  Medial treated MA Zanon et al. (2021)
cubicles vs. no pasture  CM
access Medical dry-off MA
Pasture period  Medial treated MA
>45daysvs. < CM
45 days Medical dry-off MA
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Country System®  Sroup Variable Analysis®®  Effect Reference
comparisons
PT na > 8 h/day Estimated UA ns Medeiros et al. (2021)
grazing with score 1-5
mobile milking
vs. confined
USA Cubicle, Grazing vs. Non- CM/305-cow- UA (1) Richert et al. (2013)
group grazing days at risk
Straw yard,
pasture or
dry lot, tie-
stall
Somatic cell count (SCC)
DE Tie-stall, Heifers on SCC > 100© MA Kromker et al. (2012)
loose housing pasture vs.
heifers indoors
whole gestation
DE Cubicles Pasture access  SCC> 400 MA Gieseke et al. (2020)
VS. zero-grazing
DE na Zero-/minor SCC > 400 MA (1) (=12h)  Wagner et al. (2017)
grazing (0 to
<6h), 6to <12
h pasture
access, >12h
pasture access
IT na Pasture SCC UA Pugliese et al. (2021)
(7 months) vs.
zero-grazing
1T Cubicles Pasture vs. log10n SCC MA Di Grigoli et al. (2019)
Confined
NL 169 cubicle, ~Day & night SCC> 150 MA @ Santman-Berends
4 others grazing, during- et al. (2012)
the-day grazing,
zero-grazing
PT na > 8 h/day Estimated UA @) Medeiros et al. (2021)
grazing and log,0SCC
mobile milking
vs. confined
USA No-housing,  Pasture = no- BMSCC MA 1) Eckelkamp et al.
tie-stall, straw housing system (2016a)
yard, cubicle, vs. different
compost housing systems
USA Cubicles Confined vs. any SCS MA ns Dechow et al. (2011)
Tie-stall kind of outdoor  gcg MA ns (with
access (yard or component
pasture) feed),
1 (Total Mixed
Ration — TMR)

= significantly less mastitis during (increased) grazing (p < 0.05), ns = no significant (p > 0.05) or (1) marginal (p > 0.1) effect.
(a): Housing systems or husbandry practices used on the investigated farms.
(b): Statistical analysis: MA = multivariable analysis; UA = univariable analysis.

(c): Only primiparous cows.

(d): Day and night grazing of lactating cows (—5.9%; 95% CI: —10.6 to —1.3%) compared to zero-grazing (during-the-day-
grazing in-between) (p = 0.01).

Table 30 lists studies that evaluated the prevalence of mastitis in relation to different amounts of

time cows had access to pasture.
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Table 30: Clinical mastitis, bacteriological findings or somatic cell counts reported for different
amounts of time of outdoor or pasture access

Mean herd
Country n®  size Outdoor Variable Level Measure _Mean/ Reference
(range) access prevalence
Clinical mastitis (CM)
IT 9 252.3 Zero-grazing CM Herd Prev. 6.2% Pugliese et al.
61.1 Pasture 4.9% (2021)
(7 months)
PT 87 213.1 Confined Estimated Herd Mean 2.2 Medeiros et al.
18 157.8  >8h/day Score 1-5® 2.1 (2021)
grazing
Somatic cell count (SCC)
DE 14 114©  0-<6h grazing % cows with Herd  Prev. 10%, 15%@  Wagner et al.
(30-726) SCC >400 (2017)
10 1149 6-<12h 12%, 11%@
(30-726) grazing
8 114©  >12h grazing 20%, 16%@
(30-726)
DE 55 374 Zero-grazing % cows with Herd Prev. 21.0% Gieseke et al.
(47-1,609) SCC >400 (2020)
9 374 Pasture access 15.5%
(47-1,609)
IT 9 252.3 Zero-grazing SCC Herd Mean 600 Pugliese et al.
9 61.1 Pasture 310 (2021)
(7 months)
PT 87 213.1 Confined Estimated Herd Mean 2.38 Medeiros et al.
18 157.8  >8h/day log10SCC 2.45 (2021)
grazing

(a): Number of farms.

(b): % cows with mastitis during 1 year: Score 1:10%; Score 2:10-20%; Score 3:20-30%; Score 4:30-40%; Score 5: > 40%.
(c): Mean (range) for all 32 farms included in the study.

(d): Winter, summer.

In summary, the evidence reported in Tables 29 and 30 does not support the conclusion that
outdoor or pasture access consistently leads to improvements in mastitis in dairy herds.

Beyond the housing system, a variety of management-related hazards are known to affect udder
health and it should be noted that the literature search for this opinion was limited to studies solely
related to housing system and not conducted to identify the entire range of management- and animal-
related hazards for udder health. In terms of common hazards identified across different housing
systems, studies have reported that type of bedding material (Patel et al., 2019; Hogan et al., 1989)
and age of buildings (Cicconi-Hogan et al., 2013) can act as hazards for mastitis. An additional
extensive literature search was run on general hazards and preventive measures for mastitis (details in
Appendix B, Table B.3) and a summary of the outcomes is provided in Section 4.2.8.

The majority of housing-related studies invest