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Simple Summary: This paper aims to identify improvements and gaps in the specific EU
regulations for organic farming and whether they promote higher welfare standards for dairy cattle
compared to the “minimum standards” set up for conventional farming. Based on the available
scientific evidence, we identified areas in the organic regulations where the welfare status of the
animals is improved, but some limitations and gaps exist.

Abstract: Animal welfare is an emerging concept in EU law; with the advent of specific regulations
intending to protect animals. The approach taken by European lawmakers is to provide “minimum
standards” for conventional farming; argued by some as failing to adequately protect animals. In
contrast, the EU organic farming regulations aim to “establish a sustainable management system
for agriculture” and promote “high animal welfare standards”. The first aim of this review was to
identify key areas where there are clear improvements in quality of life for dairy cattle housed under
the EU organic regulations when compared to the conventional EU regulations. Using the available
scientific evidence, our second aim was to identify areas where the organic regulations fail to
provide clear guidance in their pursuit to promote high standards of dairy cattle welfare. The
greater emphasis placed on natural living conditions, the ban of some (but unfortunately not all)
physical mutilations combined with clearer recommendations regarding housing conditions
potentially position the organic dairy industry to achieve high standards of welfare. However,
improvements in some sections are needed given that the regulations are often conveyed using
vague language, provide exceptions or remain silent on some aspects. This review provides a critical
reflection of some of these key areas related to on-farm aspects. To a lesser extent, post farm gate
aspects are also discussed
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1. Introduction

Providing good welfare should (1) “ensure good physical health and functioning of animals”
(2); “minimize unpleasant ‘affective states’ (pain, fear, etc.)” and “allow animals normal pleasures”
and, (3) “allow animals to develop and live in ways that are naturals for the species” [1]. However,
many common routine management practices in dairy farming fail to consider all three concepts;
thus, compromising animal welfare. For instance, many dairy farms report high rates of disease
undermining biological functioning (e.g., mastitis: [2]); routinely engage in painful procedures
without pain mitigation triggering negative affective states (e.g., disbudding: [3]); and fail to provide
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opportunities to express highly motivated behaviors (e.g., favoring zero grazing systems: [4]; for
cows’” motivation to access pasture, see [5]).

Animal welfare science directed towards farm animals has focused primarily on providing
science-based evidence to mitigate the negative effects of housing (i.e., restrictive housing designs)
and management practices (i.e., painful procedures) on the animals [6]. Despite these efforts, much
of the scientific knowledge identifying best practices has not yet been implemented on farm or
integrated into current regulations [7]. Hence, current living conditions on many farms often fail to
achieve high welfare standards [8], challenging the idea that farm animals, including dairy cattle, live
“a life worth living” [9].

The general concept of animal welfare provided by the Treaty on the functioning of the EU [10]
considers animals as “sentient beings”, justifying why “the Union and the Member States shall [...]
pay full regard to the welfare requirements of animals”. The EU law-makers have adopted
regulations “laying down minimum standards” for the protection of farm animals. These so-called
EU minimum standards are not ambitious regarding the welfare of farm animals [11]. In theory,
farmers should “take all reasonable steps to ensure the welfare of animals under their care” (article
3, Directive 1998 [12]; see [11,13]). However, law-makers have adopted specific rules on a few aspects
and stayed silent on most other issues. Therefore, in the case of dairy cattle, these texts allow (or do
not explicitly forbid) calves to be individually housed for the first 8 weeks of their life, disbudded
without pain mitigation (under 4 weeks old) and zero grazing practices. These practices have raised
concerns in the public [14] and according to the available science, challenge the welfare of the animals
[15]. In contrast, the EU has adopted more detailed texts specifically aiming at providing higher
standards of care for animals in the organic farming sector. Since 1968, many texts have thus been
endorsed for both conventional and organic farming (see Figure 1).
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Figure 1. Timeline of European legislation (for conventional and organic farming) with regard to
dairy cattle welfare (current as of August 2020). Texts presented above (blue dots) apply to both
conventional and organic farming but texts presented below (red dots) apply specifically to organic
farms. Council directives have to be transposed by Member States in their national legal systems. In
contrast, regulations for organic farming and for transportation and slaughtering are more detailed
and binding as they are directly applicable in all Member States (no need for national transposition).
European Conventions and Recommendations are Council of Europe (CoE) texts—not EU; however,
they are a binding part of EU law. * Repeal the texts adopted in 1991 and in force until 1 January 2021.
** Repeal the texts adopted in 2007/2008 and will come into force after 1 January 2021.
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Sales of organic goods, including food animal products, have doubled in the EU between 2012
and 2016 [16]. This increase has resulted in a corresponding increase in animals designated as organic;
for instance, the number of dairy cows in this sector rose from ~100,000 in 2000 to 860,000 in 2015
(now representing ~4% of the European herd; [17]). Moreover, providing an improved quality of life
for farm animals is of increasing concern to consumers of organic products [18-20]. In a recent survey,
more than 75% of the 28,031 respondents considered that organic food products support higher
animal welfare standards [21].

Unlike previous EU regulations related to conventional farming, the organic regulations ([22];
Figure 1) provide detailed rules specifically targeted at promoting “high animal welfare standards
and in particular meets animals’ species-specific behavioural needs”. In organic farms, “Husbandry
practices, including stocking densities and housing conditions, shall ensure that the developmental,
physiological and ethological needs of the animals are met” (art. 1.7.2, 2018/848).

However, within the EU, regulations come through consensus-based deliberations that
inherently include some degree of compromise by different stakeholders involved in the decision-
making process. These compromises can lead to the adoption of regulations that fall short in their
intention to protect the animals, due in part to omissions of fact or the inclusion of vague descriptions
[23]. In addition, regulations that are not enforced, or only enforced sporadically, are at great risk of
failing to protect animals [11]. The majority of conventional farms are rarely inspected [24], despite
some Member States choosing to inspect more frequently than others (e.g., 10% of Swedish farms are
inspected every year; [25]). In the case of organic farms, the EU law-makers require all farms to be
inspected when seeking organic certification (art. 34, 2018/848) and they are also “subject to a
verification of compliance at least once a year” including “a physical on-the-spot inspection”.

The aim of this paper is to critically review the EU organic regulations for dairy cattle and
explore whether they result in a meaningful step forward to improve the welfare of dairy cattle. For
this, we examined six key areas where there is a body of science available to help guide best practice.
For an exhaustive list of the EU conventional and organic regulations concerning dairy cattle
production, the reader is referred to the electronic supplementary materials (see Tables S1-522).

Using the minimum standards set for conventional farming as a basis for comparisons, we
reviewed the current scientific knowledge in each particular area to identify improvements,
limitations and gaps in the organic regulations. We also explored whether some aspects of the organic
regulations, that target other objectives of organic farming such as the reduction in use of
pharmaceutic agents, may create tensions with respect to animal welfare.

2. Physical Mutilations

Most painful management procedures involving physical mutilations of farm animals are
addressed within the EU organic regulations. In dairy cattle, physical mutilations include disbudding
(i.e., preventing the growth of horns), dehorning (i.e., removing the horns) and tail-docking (i.e.,
cutting the tail between the sixth and seventh vertebrae). Castration will not be considered as the
practice is rarely performed on dairy farms.

Unfortunately, the regulations for conventional farming are not clear regarding physical
mutilations. The Council of Europe Recommendation (CoE) [26] forbids tail-docking (except for
medical purposes) but allows dehorning and disbudding (anesthesia is mandatory when disbudding
and dehorning calves over 4 weeks of age). However, the directives adopted in 1998 [12] and 2008
[27] failed to address physical mutilations, making it unclear whether these rules still apply. There is
some evidence indicating that the CoE recommendations are largely ignored; a recent survey in the
EU reported that about 60% of calves aged over 2 months old were not given any pain mitigation
drugs before or after dehorning [3].

The regulations governing organic farming ban these procedures or state that they may only be
performed “on a case-by-case basis and only when those practices improve the health, welfare or
hygiene of the livestock or where workers’ safety would otherwise be compromised”. Tail-docking
is not mentioned in the listed exceptions in the 2018 organic regulations and thus appears to be
banned by default, a position similar to many other countries (see [8]). Thus, only dehorning and
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disbudding may be performed but under circumstances that guarantee minimal suffering for the
animals.

The practices of disbudding and dehorning (please note that the majority of research has focused
on disbudding) intend to reduce the risks of injuries to animals and stockpersons caring for the
animals (see review by [28]). Disbudding is acutely painful and induces strong behavioral and
physiological responses in absence of pain mitigation [29]. There is a growing body of evidence
indicating that the intra-operative pain can be controlled by using general anesthesia, local anesthesia
or a combination of both [30,31]. However, effects of these drugs are limited to approximately 2 hours
and, therefore, fail to mitigate the post-operative pain [28,31,32]. Evidence of post-operative pain
begins when the effects of the drugs wane as shown by behavioral and physiological changes [31].
There is also some evidence indicating that the post-operative pain is associated with persistent
negative affective states. Calves experiencing hot-iron disbudding show conditioned place aversion
(i.e., aversion of the room they have been dehorned in; [33]) and express depressive-like behaviors
such as negative judgment bias [34,35] and anhedonia (a reduced ability to experience pleasure; [36]).

Post-operative pain associated with disbudding can be mitigated using analgesics such as Non-
Steroidal Anti-Inflammatory Drugs (NSAID) [31]. A recent study showed that providing an NSAID
renders the procedure less aversive [37], suggesting that a multi-modal pain mitigation strategy may
dampen the negative affective experience associated with the procedure, at least for the first day after
the procedure. However, these drugs only mitigate the pain for hours to days (depending on the
NSAID); whereas, the pain associated with disbudding has been reported to last for weeks [38,39].
These lines of evidence show that pain mitigation helps but does not completely suppress the pain
associated with these procedures.

According to the EU organic regulations, some forms of pain mitigation (anesthesia or analgesia
or a combination of the two) must be provided (see Table S1, Supplementary Materials). It is
unfortunate that the EU organic regulations fail to require multi-modal pain control; however, the
mandatory requirement to use some form of pain control is encouraging. A complete elimination of
the pain induced by disbudding would only be achieved by banning this procedure, by developing
new pharmacological ways of controlling the long-lasting pain or by breeding for polled cattle
(reviewed by [40,41]). Achieving hornlessness through genetic modifications has also been
documented [42,43]. However, genetically modified organisms are forbidden in EU organic systems
and largely regulated in conventional systems and the absence of knowledge regarding potential
consequences for animals render this option unlikely to be explored further within the EU.

A complete ban on dehorning/disbudding would require changes in the current management of
cattle, particularly under confinement housing systems. Horned cattle maintain higher inter-
individual distances and have lower physical interactions compared to hornless cattle [44],
suggesting that higher space allowance and absence of competition for feed would prevent horn-
related issues. However, comparison of different types of rearing conditions is fraught with
challenges [45]; a fact that must be considered given that horned and hornless cattle are often raised
in very different environments, with horned cattle often housed under more extensive systems than
indoor housed cattle that are often hornless. Management of horned cattle will require adaptions that
take into consideration cattle species-specific needs to reduce occurrences of horn-related injuries.
This should be achievable given the low levels of injuries observed when managing horned cattle in
some farms [46].
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3. Calf Care

3.1. Social Housing

For the purpose of this review, we will consider social isolation as the absence of full physical
contact with peers. Within the dairy industry, issues pertaining to social isolation are focused almost
exclusively on dairy calves. Within the EU, on conventional farms, dairy calves can be housed
individually until they are 8 weeks of age (see Table S2, Supplementary Materials). In contrast, the
period of individual housing in the EU organic regulations is limited to the first week of life.

Given that cattle are herd animals; social contact is a fundamental behavioral need. Individually
housed calves show social [47], emotional [48,49] and cognitive deficits [50,51] compared to calves
housed in social groups. In addition, calves reared in social groups show less food neophobia [52,53]
and have been found to eat twice as much solid feed and to show less distress during weaning
compared to single housed calves [54,55]. Limiting social isolation to the first week of life is clearly
an improvement given that calves separated from the dam at birth start interacting with other calves
as soon as the second day of life [56]. In addition, young calves are motivated for full social contact
[57] and prefer familiar individuals [58,59], suggesting the early establishment of social bonds as
important and long lasting [60].

One point overlooked by the current EU organic regulations is group composition. Group size
and whether group composition is dynamic matter; small stable groups (<8-10 calves) show benefits
in terms of health and reduced competition (reviewed [61]). Competition in group housed calves for
access to teats is reduced when more teats are provided [62], or by reducing the number of calves
accessing the same automatic milk feeder [63]. Given the negative effects of larger group sizes on
health [61], we suggest that group size should be kept small (<10 calves), that competition for teats
should be reduced and that stable groups should be favored to reduce social stress and disease [64].

Advocates of individual housing argue improved calf health through reduced opportunity for
disease transmission between individuals [65]. However, the overall evidence is mixed as some
studies report no differences in health status when comparing individual versus small groups of
calves [66,67] or improved health in group housed calves [68,69]. Some argue that group housing
increases the risk factor for cross-sucking, an abnormal and repetitive behavior where a calf suckles
the body of another, often the udder [70]. This behaviour is absent when calves are reared with their
dam or with a nurse cow [71,72] and rarely observed in calves fed higher volumes of milk through a
nipple [70]. We turn to methods of care that mitigate cross sucking in the next section.

3.2. Feeding

Calf feeding practices outlined in the organic regulations focus on the feeding of whole milk for
the first 3 months of life (see Table 53, Supplementary Materials). Unfortunately, the regulations are
silent on the type of milk feeding system (teat versus bucket feeding), the total daily volume provided
and how best to transition the calves from milk to solid feed (wean).

Historically, dairy calf feeding management practices have promoted feeding ~10% body weight
equivalent of milk, which is considerably less compared to when the calf is able to suckle from the
dam. In the US, it is still common for calves to be bucket fed between 4 and 6 L of milk per day (USDA,
2016). In contrast, when Holstein calves are provided ad libitum access to milk, they drink on average
11 L to 16 L per day in the first 6 weeks [73]. Feeding higher volumes of milk has been shown to
provide clear benefits in terms of calf health, weight gain [74] and milk production later on in life
[75]. In the EU, the recent available literature on calf feeding studies often still includes a ‘control’
treatment of 4-6 L, likely reflecting standard industry practices (i.e,, Denmark: [76]; Spain: [77]).
Feeding low volumes of milk reduces average daily gain, increases behavioral signs of hunger [78,79],
and increases cross-sucking [61,80]. In addition, nipple feeding systems promote natural sucking
behavior [81-83], increase levels of insulin and cholecystokinin [84], and reduce cross-sucking (see
reviews [61,70]). We strongly encourage that the next revision of the organic regulations be explicit
in how much milk calves should be provided on a daily basis, encouraging ad libitum milk intakes
fed using a nipple.
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The EU organic regulations explicitly state that restricted feeding is forbidden unless justified
for veterinary reasons. Unfortunately, the regulation is unclear as to what “restricted feeding” refers
to. We strongly urge clarity on this point. For instance, dairy cattle are frequently fed restricted
amounts of feed during the pre-reproductive (fed a low energy diet; [85,86]) and dry-off periods (fed
a low-energy diet to reduce milk production; see review by [87]). Unfortunately, the language used
within the EU organic regulations is vague as to the status of these practices; we encourage future
regulations to clearly prohibit all feeding practices that potentially lead to hunger.

Dairy calves are weaned from milk at much earlier ages than when allowed to suckle from the
dam (see review [88]). Early and/or abrupt weaning from milk has been shown to induce weight loss,
counterbalancing the increased average daily gains observed when feeding higher volumes of milk
[89]. Abrupt removal of milk has also been shown to trigger emotional distress and increase cross-
sucking among calves [90]. Unfortunately, there is little guidance within the literature as to how long
calves should be provided milk before weaning. Given that in nature calves would spend 7-9 months
suckling their dam [88], the stipulation in the EU organic regulations that calves be weaned no earlier
than 3 months of age is an improvement compared to the conventional regulations that are silent on
this aspect of calf rearing. Regardless of age, weaning is a stressful event for calves (see review [91])
and every effort should be made to avoid abrupt weaning; gradual weaning that promotes solid feed
intake reduces weaning distress [90,92]. Unfortunately, the organic regulations have failed to address
this issue and so we encourage future regulations to promote gradual weaning to avoid unnecessary
distress, weight loss and the expression of abnormal behaviors.

The EU organic regulations also state that roughage must be included in the calves’ diet. This is
consistent with the onset of grazing behaviors (starting around 3 weeks of age) observed when calves
are reared on pasture [93]. Recent research also indicates that calves provided access to forage when
fed high volumes of milk and calf starter show improved rumen development and higher rumen pH
compared to when they are not provided forage [94].

The Council directive for calves [27] states that water must be provided no later than 14 days of
age, when they are sick and in hot weather conditions (see Table 5S4, Supplementary Materials). In
contrast, many industry led groups (e.g., the Canadian Code of Practice for the Care and Handling
of Dairy Cattle, [95]) requires that all cattle be provided access to clean and palatable water; this
practice is supported by work indicating that provision of water beginning immediately after birth
benefits calves” development [96]. Moreover, we speculate that calves kept in hot climates would also
have a greater need for water during the first 14 d of life where water provision is not mandatory.
Overall, despite some modest improvements, the organic regulations fail to provide clear guidance
on the provision of milk, solid feed and water.

4. Indoor Housing

4.1. Lying or Resting Aren

Providing “a comfortable, clean and dry laying or rest area” is viewed as a necessity in most
dairy cattle care guidelines [95]. At best this should be the minimum requirement given that dairy
cattle can spend on average 9-13 h a day resting; a behavior that they are highly motivated to engage
in [97-99]. Unfortunately, the organic regulations provide little additional guidance on what is
required for the resting area in cattle (see Table S6, Supplementary Materials).

In contrast to the regulations for conventional farming (see Table S7, Supplementary Materials),
EU organic regulations explicitly forbid tethering. However, small organic holdings (maximum 50
animals) can seek an exemption if cows have access to pasture during the grazing period and have
bi-weekly access to open areas for exercise during non-grazing periods. Clearly, access to an exercise
area following any period of tethering is likely valuable for tied cows [100]. However, to our
knowledge, there is no available evidence suggesting that biweekly access is sufficient to ensure cow
welfare.

Most of the research to date on tie-stall systems has focused on physical health indicators. For
example, although some showed cows housed in tie-stalls have an increased prevalence of heel
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erosion and hock injuries compared with cows housed in a loose system [101,102]; others have shown
reduced prevalence of claw lesions [103]. Restriction of movement is usually assumed to trigger
negative affective states. For instance, pigs subjected to repetitive periods of short restraint expressed
depressive-like states [104]. Unfortunately, there is little work on the effect of tethering on affective
states in cattle. Considering that cows “have a behavioral need for locomotion” [105] and the public’s
concern with long durations of tethering [106], we predict that this tie-stall system will receive
growing criticism as public awareness grows. In addition, some members of a Panel on Animal
Health and Animal Welfare stated that “there is sufficient evidence of poor welfare in dairy cattle
held in tie-stalls” and “recommended that dairy cattle should not be routinely kept in tie-stalls as a
housing system” (EFSA, 2009). The practice is indeed unlikely to satisfy “high standards of animal
welfare”, as stated in the organic regulations. Thus, although the ban of tethering dairy cattle by the
organic regulations is an improvement, the exception regarding small holdings is problematic.

With the exception of tethering discussed above, the EU organic regulations have stayed silent
on other types of housing (freestalls or open/bedded packs). Instead they provide basic guidelines on
housing features that are common amongst systems. For instance, straw bedding but also “[other]
suitable natural material” such as sawdust and sand, as long as it is “dry”, are allowed. Wet bedding
dramatically decreases lying time for both adult cows [107,108] and calves [109]. Unfortunately, there
is no guidance as to what “dry” means nor in the quantity of bedding; the litter shall be “ample.”
This is concerning given that cows housed in freestalls prefer stalls with more bedding [110,111]. The
regulations also provide no information on the benefits associated with deep-bedded freestalls
systems compared to mattress or rubber mat stalls. According to the available research, sand-bedded
freestalls should be viewed as the gold standard (reviewed by [112]); deep-bedded systems are
associated with reduced lameness, hock injuries [113-115] and mortality [116].

The literature on cow behavior in freestalls is dense and many studies have explored different
aspects of the freestall environment on behavior and health, such as how cows react to certain aspects
of stall design. Freestalls were originally designed to provide cows with an area to lie down but to
prevent them from standing fully inside the stall, using a neck rail and/or brisket board. However,
cows prefer stalls without brisket boards [117] and spent less time perching (i.e., standing with the
two front hooves in the stall) when neck rails were less restrictive [118]. Thus, by preventing cows
from standing fully in the stall, freestalls with neck rails favor standing with the hind legs on concrete,
a surface associated with increased risk of lameness, hoof problems, leg fractures and claw damage
[119]. However, neck rails improve hygiene and udder cleanliness, thus, reducing the risk of
subclinical mastitis [120]. In conclusion, when cleanliness of the stalls and consequently, of the cows
is prioritized, standing behavior is altered. Some authors “recommend that producers avoid
restrictive neck rails so that cows can use the stall as a dry and comfortable standing area, although
this will likely require more frequent stall cleaning” [121].

The status of freestalls housing systems with the EU organic regulations is difficult to evaluate.
According to the organic regulations, cows should be provided “with sufficient space to stand
naturally, lie down easily, turn around, groom themselves, assume all natural postures and make all
natural movements”; a provision that cannot be guaranteed when cows are housed in freestalls.
Housing cows in freestalls forces cows to lie down in a specific way, restricts their freedom of
movement and hinders natural behavior [122]. Thus, open bedded packs may be a more appropriate
housing system as they allow cows “to assume all the natural lying positions” [123].

Some research has explored the welfare benefits associated with one type of dairy housing
compared to another (i.e., freestalls versus open packs). Others, however, have cautioned against
such comparisons given the different challenges observed with different types of housing systems
[15]. For instance, open packs (i.e., straw yards and compost-bedded pack) are often associated with
reduced hygiene, particularly at low space allowance [124]. In contrast, open packs have been shown
to present advantages such as increased lying behavior and lying synchrony ([125,126]; see review
on compost-bedded packs [127]). When given the choice between freestalls and an open pack, cows
showed a “small” preference for lying down in the open pack but a “strong” preference to stand with
all four hooves in the open pack [126]. Cows also showed some play behavior —a marker of positive
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emotion [128] —when initially moved from free stalls to an open pack [125]. Finally, open packs may
favor socio-positive behaviors in cows [129]. Thus, although open areas are more challenging to keep
clean, they provide some welfare benefits.

4.2. Stocking Density

Although EU organic regulations require a minimum space of 6 m? per cow, they do not
differentiate between different resources such as the lying area or the feeding area (see Table S9,
Supplementary Materials). Space requirements for cows housed indoors has received little attention
in the scientific literature. The 6 m?/cow recommended is low when compared to other jurisdictions
such as the 11 m?/cow when housed on a bedded pack in the Canadian organic standards [130].

Numerous studies undertaken in freestall facilities under zero grazing conditions report
negative effects of overstocking dairy cows. For instance, overstocking in freestalls induces decreased
lying time [107,131-133] and increases hock injuries [113]. In contrast, one study comparing 9 m? and
4.5 m? per cow on an open pack system, reported no differences in lying time [124]. Higher stocking
density may be less detrimental in open packs compared to freestalls systems because all cows are
able to “lie down at the same time staying closer to one another” [134].

Stocking density recommendations should be evaluated in terms of each key resource. For
example, recent evidence indicates that cows will also actively compete for water, particularly in hot
weather [135] and for access to fresh feed [136,137]. Installation of a headlock feed barrier or feed
stalls can reduce the rate of competitive displacements, compared to more open types of feed barriers
[136,138,139]. Regardless, all animals should be provided sufficient feed space to allow all group-
members to feed at the same time, particularly during vulnerable periods such as before and after
calving. Unfortunately, the current EU regulations on organic farming do not provide any guidance
regarding feeding space.

Other factors can also contribute to the negative effects of overstocking such as group size, group
instability (i.e., frequent introduction of new animals into the group) or social dominance. For
instance, the negative effects of regrouping are enhanced when done at higher densities [140] and
such effects can be detrimental at calving [141]. For instance, multiparous cows were associated with
an increased risk of metritis (i.e., an infection of the uterus following parturition; [142]) after calving
when housed in an unpredictable and competitive environment before calving [143]. In addition,
when overstocked, low-ranking cows spend less time lying down and more time standing in the
alleys and are consequently more susceptible to lameness compared to middle- and high-ranking
cows [144]. Cows with high milk yield and a low space allowance were less clean and showed higher
incidence of mastitis than cows with a higher space allowance [124].

We encourage the EU law-makers to address the challenges associated with overstocking by
adopting more precise and bold regulations in order to avoid excessive competition for access to key
resources.

5. Outdoor Access

According to the EU organic regulations, dairy cows must have access to pasture for grazing.
Exceptions exist regarding weather conditions, state of the ground and obligations related to the
protection of human and animal health. However, there is a lack of precision regarding the time (i.e.,
How many days per year? How much time per day?) that cows must spend on pasture. The
regulations only state that they must have access to pasture “whenever conditions allow”. This lack
of precision can jeopardize the intentions of the regulations.

In addition, although tie-stalls systems must provide pasture during the grazing period they
must also “provide open air areas during the winter months” twice per week. Yet, the organic
regulations are vague as to the type of outdoor access or open-air area (i.e., hard or soft flooring; type
of materials) and the duration cows should spend outside. EU law-makers also did not extend
outdoor access during the non-grazing months to all cows regardless of housing type. Providing an
outdoor open bedded pack with soft flooring may be an effective alternative to pasture when the
weather prevents access to pasture (for a review, see [145]).
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Recent research indicates that pasture access is valued by cattle. The EU organic regulations
clearly specify that cattle must have access to pasture; a position that is in line with their preference
for a large pasture compared to a small sand pack [146], suggesting that space and/or grazing may
be an important component of cows” motivation to be outside. For pastured cows, the available
evidence suggests that they spend ~68% of their time grazing [4]. When given the choice, dairy cattle
show a strong preference for pasture compared to indoor housing (reviewed by [147,148]), especially
during the night [149]. However, preference for pasture is affected by weather conditions. When
given the choice between pasture and freestalls, cows spent less time on pasture during rainy days
[149-151], winter [152,153] and when the temperature-humidity index (THI) was high during the day
(i.e., beyond the thermal comfort zone for cows; [149]). Although preference studies provide insights
on what resources animals choose in different situations, they fail to provide information on how
important the resource is to them [154]. von Keyserlingk et al. [5] found that cows value access to
pasture as much as fresh feed (viewed as a gold standard for assessing motivational states),
particularly during the late afternoon and evening hours, illustrating the importance of pasture access
for dairy cows.

Although cows prefer and are motivated to access pasture, some studies report that cows housed
in pasture have lower body condition scores, body weight and higher endoparasites infection [155].
In contrast, there is evidence that pasture provides benefits such as reduced mortality, lameness, hoof
pathologies, hock lesions, mastitis and metritis (reviewed by [147]). These pathologies challenge the
quality of cattle’s life and longevity and induce pain and suffering. For instance, lameness [156], poor
claw conditions [157], mastitis [158] and metritis [159] have all been shown to induce pain in dairy
cows. Lameness [160], mastitis [155] and metritis [161] have also been associated with earlier culling.

Fortunately, EU law-makers have addressed the issues associated with adverse weather
conditions. According to the latest organic regulations, “shelters or shady areas” must be provided
(see Table S11, Supplementary Materials), which is consistent with data showing that cows (that
usually go outside during the Summer) are more affected by heat than by cold conditions (reviewed
by [162]). When shade is provided, it is used by cows during hot days and can mitigate heat stress
([163]; for a review on the effects of heat stress, see [164]). The importance of shade during hot days
is clear as cows will choose to stand in shade rather than lying down in the sun even after 12 h of
lying deprivation [165]. In addition, according to the organic regulations “Organic livestock rearing
in a pen on very wet or marshy soil shall not be allowed”, which is supported by recent work showing
cows’ aversion for muddy conditions [166].

Although somewhat unclear (see Tables S10-S12, Supplementary Materials), the organic
regulations state that calves and heifers should be provided with outdoor access whenever conditions
allow. We presume that outdoor access is mandatory when calves are being regrouped with one or
multiple other calves (>1 week of age; see Section 3.1) but greater clarity is needed to avoid confusion
given that it is unclear what is meant by an outdoor area and at what age this requirement should be
enforced.

There is a dearth of research on outdoor access for calves. In a recent study, Wormsbecher et al.
[167] housed calves (as single or as pairs) in individual hutches with an outdoor access. Although
this study should be viewed with caution given the confound regarding space per calf, the authors
reported that all calves spent time outside the hutches during both Winter (47.5% for paired calves;
48.7% for single calves) and Summer (58.7% for paired calves; 75.7% for single calves), a result
indicating that they may value outdoor access. More work is needed to understand whether calves
are motivated to access the outdoors, and the effects of different types of outdoor access on their
development.

6. Health

Ensuring that animals are in a good health or “function well” [168] is an essential component of
animal welfare and has been argued by some to be undermined in organic livestock production [169].
Thus, recommendations that collectively decrease the occurrence of diseases, promote early
diagnosis and efficient treatments are a key component of welfare. The focus of EU organic farming
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to prohibit use of synthetic chemicals for veterinary use, with the exception of vaccines and anti-
parasites, requires that the industry move towards prevention of maladies [170,171]. However, unlike
the US organic regulations which prohibits antibiotics, the EU organic regulations allow their use but
under much more restrictive guidance compared to conventional farm (see Table S13, Supplementary
Materials). For instance, antibiotics are to be used only when alternative ‘non-antibiotic’ treatments
have failed (see Table 513, Supplementary Materials) and must be approved by a veterinarian; and
no animal must receive more than three treatments per year. Since implementation of these
restrictions, anti-microbial use has declined dramatically on organic farms in the EU [172].

We see two potential consequences of such regulations on the welfare of the animals. First,
farmers are encouraged to use alternative methods/treatments and adopt pro-active preventive
solutions to reduce disease prevalence. This may lead to either no changes or to moderate
improvements in overall health compared to conventional systems. However, by promoting a culture
of ‘last resort antibiotic use” and the use of alternative treatments of sometimes unknown efficiency,
organic regulations may in some cases prolong treatment, thereby, causing prolonged suffering
[8,169,173].

Some studies indicate that organic dairy farmers have changed their management routines to
facilitate disease prevention. These changes include providing outdoor access, improved bedding
hygiene, straw bedding and increased emphasis on udder health during milking [171]. In addition,
some organic dairy farmers pay closer attention to early signs of diseases [174], leading to earlier
intervention and increased care [175]. Some farmers also report keeping antibiotics on hand for cases
where symptoms get worse or when animals fail to show signs of recovery in a timely manner [176].

Assessing the efficacy of different systems on animal health is challenging [45]. Some studies
have recorded the number of treatments given to animals as a proxy health measure, with some
evidence suggesting an improved herd health in organic productions compared to conventional
farms [177]. However, this measure should be viewed with caution given that simply reporting fewer
treatments does not necessarily equate to lower incidence of disease given the potential confound of
different thresholds for treating sick animals due to longer withdrawal periods [172,178]. In addition,
although the use of conventional treatments is generally recorded by veterinarians, alternative
treatments may not be systematically reported; this may artificially decrease the number of
treatments recorded in organic farms [175].

When comparing health status of cows in conventional and organic systems, most studies have
relied on observational data with few controlled experimental studies (see review [179]). Results vary
greatly across studies, making it difficult to draw clear conclusions. In studies comparing
conventional to organic, the majority of studies have focused on prevalence of mastitis [169] with
organic dairy cows having higher rates of subclinical mastitis [180,181]. However, this result is clearly
dependent of whether or not organic farmers chose to keep using antibiotics at all. Organic farms that
chose to abolish the use of antibiotics had higher somatic cell counts (a proxy measure of poor udder
health and of subclinical mastitis) compared to conventional farms, but no differences were found
between Spanish organic farms that use antibiotics (when needed) and conventional farms [182].
These results confirm previous work showing either no differences in mastitis prevalence or
treatments between both systems [171,183] or reduced prevalence of mastitis in organic herds
[175,184]. Low muastitis rates during lactation may be due to less intensive milk production in the
organic systems, reducing the udder vulnerability to pathogens [175,185]. A study in the UK found
higher risk of mastitis during the dry period (period where animals do not produce milk) probably
due to the absence of prophylactic antibiotics (for contrasted results, see [170]); the reader should be
aware that, with few exceptions (i.e., The Netherlands), it is common practice to preventively treat
conventionally raised cows with antibiotics just before the dry period [186]. The reduced use of
antibiotics does not seem to negatively impact dairy cows [187]. However, although some studies
found culling rates to be lower in organic farms, udder health remains one of the top cited reasons
for culling on these farms (along with fertility and foot problems similar to what is seen in
conventional systems; [176,188]). Future work should focus on other health parameters, as most of
the studies have neglected other infectious diseases. Some studies have reported a reduced
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occurrence of pneumonia in grazing herds, regardless of whether they were organic or conventional
compared to indoor housed herds [184]. No differences in farm system type were found in the
number of treatments for endometritis [176].

A more cautious approach to the use of antibiotics could potentially have long-term beneficial
effects on drug efficiency, which can ultimately have positive effects on the welfare of dairy cows.
For instance, some studies show a decrease in antimicrobial resistance in farms that have transitioned
from conventional to organic ([179,189] but see contrasting results [190]). However, farms that do not
use antibiotics are not exempt from udder health issues [182], highlighting the importance of keeping
antibiotics in the list of available treatments in organic dairy farms; a view that is shared by some
organic dairy farmers [171].

There are a few reports indicating lower [177,183,184] or no differences in metabolic diseases
[175] such as ketosis (the abnormal increase in blood ketones levels due to liver issues at the beginning
of lactation). This may be explained by lower milk production, which is a risk factor for this pathology
[184]. Milk fever (important decline in blood calcium concentration following calving) has been
reported to be lower in organic dairy farms [176].

The available data illustrates the high variation that exist regarding animal health status in
different farms (organic or non-organic). This shows the difficulty in relying on input-based measures
that aim at improving animals” environment to efficiently tackle health issues in dairy farms [191].
Organic dairy farmers generally agree that regulations should clearly state minimum requirements
regarding animal health [191]. To improve health in organic herds, we recommend that in addition
to the existing facility (i.e., input) based measures (i.e., flooring type), animal (i.e., outcome) based
measures (e.g., severe lameness prevalence) be incorporated into the legislation. For instance, in the
case of severe lameness, a specific target threshold (e.g., no more than 5% of the lactating herd can be
scored as severely lame at any given time) should be required. This required minimum standard for
animal-based measures should result in improved welfare but also provide the opportunity for the
producers to identify tailored solutions that work on their farm, enabling them to achieve this
objective.

7. Post Farm Gate

Although this review focuses primarily on on-farm aspects, we briefly highlight the little
emphasis the EU organic regulations place on the welfare of the animals once they leave the farm
(i.e., transportation and slaughter). With the exception of two arguably vague statements (i.e.,
minimizing the duration of transport and avoiding or keeping to a minimum any suffering, pain and
distress at the time of slaughter), there are only two specific provisions in the organic regulations that
reference this part of the production process (i.e., ban of allopathic tranquilizers prior to or during
transport for animals coming from organic farms and any type of electrical stimulation during
loading and unloading). Apart from these minor provisions, the Council regulation n°1/2005 “on the
protection of animals during transport and related operations” [192] and the Council regulation
n°1099/2009“on the protection of animals at the time of killing” [193] governs what happens to farm
animals, regardless of whether they come from an organic or a conventional farm.

These two regulations incorporate some rules, albeit limited, aimed at protecting the animals
during transport, lairage and during slaughter (e.g., the staff has to be trained; unfit animals cannot
be transported; required standard operating procedures; priority to lactating dairy animals at the
slaughterhouse; for more information, see Tables S14-518, Supplementary Materials). Regarding
transportation, the absence of specified maximum journey durations is worrisome. Although journey
time shall not exceed 8 hours, as currently written the text can be interpreted to allow the journey to
be extended if certain requirements are met, specifically if some breaks are provided during the
journey (see Table S17, Supplementary Materials). Although more research is needed in this area, it
is known that long transport, especially during adverse climatic conditions, can seriously challenge
the welfare of cattle [194,195]. Therefore, consistent with its aim to reduce the duration of transport,
we regret that the current organic regulations did not include a maximum journey time.
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The current transportation regulations and the lack of enforcement have raised concerns among
the public [196]. These concerns are shared by some, including the European Parliament who have
urged the Member States—twice over the last two years—to better enforce the existing EU rules on
transportation. The European Parliament has also called for reducing the duration of transport and,
ultimately, the trade of live animals [197,198]. Some alternatives to live animals’ transport have been
explored, such as on farm or local slaughter, which may mitigate some of the issues associated with
transportation [199-201]. We strongly encourage future research to explore these different
alternatives and the organic regulations should, in the future, encourage the use of such alternatives.

Similar observations can be made about slaughter rules within the EU, as the EU law-makers
fail to provide any additional provisions in the organic regulations to what was cited in the 2009
slaughter regulations. However, despite the absence or the vagueness of the organic regulations on
the matter, the European Court of Justice (CJEU) recently ruled on the compatibility between organic
farming and ritual slaughter without stunning, a practice that is permitted in the EU under the right
to freedom of religion [202-204].

The CJEU was asked to consider whether slaughter without stunning was in line with the
objective of ensuring high animal welfare standards stated in the organic regulations. For the
European Court, slaughter without stunning is “not tantamount, in terms of ensuring a high level of
animal welfare at the time of killing, to slaughter with pre-stunning which is, in principle, required”.
Stunning is indeed supposed “to induce a lack of consciousness and sensibility before, or at the same
time as, the animals are killed” [193] and —when correctly performed —, prevent pain and distress
during slaughter [205-208]. Thus, according to the Court, the practice of slaughtering without
stunning animals fails to observe the highest animal welfare standards and thus deemed to be
incompatible with the organic regulations (see Table S18, Supplementary Materials). Readers should
be aware that the court judgement does not prevent consumers from being able to purchase products
coming from animals killed without being pre-stunned. However, the court has ruled that these
products can no longer be marketed as organic.

These are only a few examples of welfare related-issues associated with transportation and
slaughter (for a review on the stress associated with pre-slaughter conditions, see [209]). However, it
must be noted that with the exception of the mandatory stunning before slaughter and the two
aspects related to transportation mentioned above, organic cattle are only afforded the same
protection as conventional farm animals once they leave the farm.

8. Conclusions

The EU organic regulations have provided additional rules that promote animal welfare on a
number of issues compared to what is required under the EU regulations for conventional farming
(e.g., pasture access; social housing for calves; no tethering; no physical mutilations). Given that
organic farms must be visited on a regular basis, these changes have the potential of improving the
lives of dairy cattle housed on organic farms. However, some limitations remain, including a number
of instances that allow exceptions (e.g., disbudding; tethering), promoted in large part to the
continued use vague language (e.g., calf care, indoor housing) or remaining silent on key issues
known to impact dairy cattle welfare (i.e., both at the farm and on post farm gate). Future organic
regulations should continue to focus on improving the welfare standards; this approach will
hopefully also place pressure resulting in improvements in the standards for conventional farming.
We also encourage future work to investigate the effectiveness of welfare regulations to improve farm
animal welfare; an area that remains understudied.

Supplementary Materials: The following tables displaying EU regulations related to the welfare of dairy cattle
are available online at www.mdpi.com/2076-2615/10/10/1786/s1, Table S1: EU regulations related to physical
mutilations (tail-docking, dehorning, disbudding), Table S2: EU regulations related to isolation, Table S3: EU
regulations related to feeding, Table S4: EU regulations related to water access, Table S5: EU regulations related
to housing — materials, lighting, ventilation and cleaning, Table S6: U regulations related to housing — lying or
resting area, Table S7: EU regulations related to freedom of movement — tethering, Table S8: EU regulations
related to housing — flooring, Table S9: EU regulations related to housing — stocking density, Table 510: EU



Animals 2020, 10, 1786 13 of 23

regulations related to outdoor access, Table S11: EU regulations related to outdoor — characteristics, Table S12:
EU regulations related to open air area (=excluding pasture) — density, Table S13: Main features of the EU
regulations related to health, Table S14: EU regulations related to transportation — fitness for transport, Table
S15: EU regulations related to transportation — means of transport, Table S16: EU regulations related to
transportation — loading, unloading and handling, Table S17: EU regulations related to transportation —
watering/feeding intervals, journey times, resting periods, Table S18: Main features of the EU regulations related
to slaughtering, Table S19: EU regulations related to breeding — reproduction, Table S20: EU regulations related
to staffing, Table S21: EU regulations related to inspection, Table S22: EU regulations related to handling.

Author Contributions: Conceptualization, E.D. and B.L.; investigation, E.D. and B.L.; writing—original draft
preparation, E.D., M.A.G.v.K,, B.L.; writing—review and editing, E.D., B.L. and M.A.G.v.K. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding. Publication costs were paid for by the Hans Sigrist
Foundation research prize awarded to M.A.G.v.K.

Acknowledgments: We thank the staff of the Animal Welfare Program and the UBC Dairy Education and
Research Centre for helpful discussions. We are grateful to David Fraser and Heather Neave for their helpful
insight during the conceptualization of the review.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Fraser, D. Animal behaviour, animal welfare and the scientific study of affect. Appl. Anim. Behav. Sci. 2009,
118, 108-117, doi:10.1016/j.applanim.2009.02.020.

2. Fall, N,; Forslund, K.; Emanuelson, U. Reproductive performance, general health, and longevity of dairy
cows at a Swedish research farm with both organic and conventional production. Livest. Sci. 2008, 118, 11—
19, d0i:10.1016/j.1ivsci.2008.01.017.

3. Cozzi, G.; Gottardo, F.; Brscic, M.; Contiero, B.; Irrgang, N.; Knierim, U.; Pentelescu, O.; Windig, J.J.;
Mirabito, L.; Kling Eveillard, F.; et al. Dehorning of cattle in the EU Member States: A quantitative survey
of the current practices. Livest. Sci. 2015, 179, 4-11, doi:10.1016/j.1ivsci.2015.05.011.

4. Kilgour, RJ. In pursuit of “normal”: A review of the behaviour of cattle at pasture. Appl. Anim. Behav. Sci.
2012, 138, 1-11.

5. von Keyserlingk, M.A.G.; Amorim Cestari, A.; Franks, B.; Fregonesi, ].A.; Weary, D.M. Dairy cows value
access to pasture as highly as fresh feed. Sci. Rep. 2017, 7, 44953, doi:10.1038/srep44953.

6.  Fraser, D.; Weary, D..; Pajor, E..; Milligan, B. A scientific conception of animal welfare that reflects ethical
concerns. Anim. Welf. 1997, 6, 187-205.

7. De Weerd, H. Van; Ison, S. Providing effective environmental enrichment to pigs: How far have we come?
Animals 2019, 9, 254, doi:10.3390/ani9050254.

8.  Barkema, HW.; von Keyserlingk, M.A.G.; Kastelic, ].P.; Lam, T.].G.M.; Luby, C.; Roy, ]J.-P.; LeBlanc, S.J.;
Keefe, G.P.; Kelton, D.F. Invited review: Changes in the dairy industry affecting dairy cattle health and
welfare. J. Dairy Sci. 2015, 98, 7426-7445, doi:10.3168/jds.2015-9377.

9.  Yeates, ].W. Is “a life worth living” a concept worth having? Anim. Welf. 2011, 20, 397-406.

10. European Union. Consolidated Versions of the Treaty on European Union and the Treaty on the Functioning of the
European Union; European Union: Brussels, Belgium, 2016.

11. Nalon, E.; Stevenson, P. Protection of dairy cattle in the EU: State of play and directions for policymaking
from a legal and animal advocacy perspective. Animals 2019, 9, 1066, doi:10.3390/ani9121066.

12. European Union. Council Directive 98/58/EC of 20 July 1998 Concerning the Protection of Animals Kept for
Farming Purposes; European Union: Brussels, Belgium 1998.

13. Nalon, E.; Stevenson, P. Addressing lameness in farmed animals: An urgent need to achieve compliance
with EU animal welfare law. Animals 2019, 9, 3-7, d0i:10.3390/ani9080576.

14. Hotzel, M.].; Cardoso, C.S.; Roslindo, A.; von Keyserlingk, M.A.G. Citizens’ views on the practices of zero-
grazing and cow-calf separation in the dairy industry: Does providing information increase acceptability?
J. Dairy Sci. 2017, 100, 4150-4160, doi:10.3168/jds.2016-11933.

15. von Keyserlingk, M.A.G.; Weary, D.M. A 100-Year Review: Animal welfare in the Journal of Dairy
Science—The first 100 years. J. Dairy Sci. 2017, 100, 10432-10444, doi:10.3168/jds.2017-13298.



Animals 2020, 10, 1786 14 of 23

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

European Parliament. The EU’s Organic Food Market: Facts and Rules; European Parliament: Bruxelles,
Belgium, 2018; pp. 1-6.

European Commission. Facts and Figures on Organic Agriculture in the European Union; European
Commission: Bruxelles, Belgium, 2016.

Shafie, F.A.; Rennie, D. Consumer Perceptions Towards Organic Food. Proc. Soc. Behav. Sci. 2012, 49, 360—
367, doi:10.1016/j.sbspro.2012.07.034.

Zander, K.; Hamm, U. Consumer preferences for additional ethical attributes of organic food. Food Qual.
Prefer. 2010, 21, 495-503, doi:10.1016/j.foodqual.2010.01.006.

Renée Shaw Hughner, Pierre McDonagh, Andrea Prothero, C.J.SI. and J.S. Who are organic food
consumers? A compilation and review of why people purchase organic food. J. Consum. Behav. 2008, 50,
35-50, doi:10.1002/cb.

European Commission. Special Eurobarometer 473 Summary Europeans, Agriculture and the CAP Fieldwork
December; European Commission: Bruxelles, Belgium, 2017.

European Parliament. Council of the European Union. Regulation (EU) 2018/848 of the European Parliament
and of the Council of 30 May 2018 on Organic Production and Labelling of Organic Products and Repealing Council
Regulation (EC) No 834/2007; European Parliament: Buxelles, Belgium, 2018; p. 150.

Bracke, M.B.M.; Zonderland, ].J.; Lenskens, P.; Schouten, W.G.P.; Vermeer, H.; Spoolder, H.A.M.; Hendriks,
H.J.M.; Hopster, H. Formalised review of environmental enrichment for pigs in relation to political decision
making. Appl. Anim. Behav. Sci. 2006, 98, 165-182, d0i:10.1016/j.applanim.2005.08.021.

AC Lomellini-Dereclenne; M Miele; L Mounier; I Veissier Implementation of the European legislation to
protect farm animals: A case-study on French inspections to find solutions to improve compliance. 2017,
13, 1576-1580.

Hedman, F.L.; Hultgren, J.; Rocklinsberg, H.; Wahlberg, B.; Berg, C. Non-compliance and follow-up in
Swedish official and private animal welfare control of dairy cows. Animals 2018, 8, 72,
doi:10.3390/ani8050072.

Council of Europe. Recommendation Concerning Cattle Adopted by the Standing Committee on 21 October 1988;
Council of Europe: Strasbourg, France, 2018; pp. 1-11.

Council of the European Union. Council Directive 2008/119/EC of 18 December 2008 laying down
minimum standards for the protection of calves. Off. J. Eur. Union 2009, 7-13.

Stafford, K.J.; Mellor, D.J. Addressing the pain associated with disbudding and dehorning in cattle. Appl.
Anim. Behav. Sci. 2011, 135, 226-231, d0i:10.1016/j.applanim.2011.10.018.

Winder, C.B.; LeBlang, S.J.; Haley, D.B.; Lissemore, K.D.; Godkin, M.A; Duffield, T.F. Clinical trial of local
anesthetic protocols for acute pain associated with caustic paste disbudding in dairy calves. J. Dairy Sci.
2017, 100, 6429-6441, doi:10.3168/jds.2017-12724.

Faulkner, P.M.; Weary, D.M. Reducing Pain After Dehorning in Dairy Calves. ]. Dairy Sci. 2000, 83, 2037-
2041, doi:10.3168/jds.50022-0302(00)75084-3.

Winder, C.B.; Miltenburg, C.L.; Sargeant, ]. M.; LeBlanc, S.J.; Haley, D.B.; Lissemore, K.D.; Godkin, M.A;
Duffield, T.F. Effects of local anesthetic or systemic analgesia on pain associated with cautery disbudding
in calves: A systematic review and meta-analysis. J. Dairy Sci. 2018, 101, 5411-5427, d0i:10.3168/jds.2017-
14092.

Herskin, M.S.; Nielsen, B.H. Welfare effects of the use of a combination of Local Anesthesia and NSAID for
disbudding analgesia in dairy calves—Reviewed across different welfare concerns. Front. Vet. Sci. 2018, 5,
117, doi:10.3389/fvets.2018.00117.

Ede, T.; Lecorps, B.; von Keyserlingk, M.A.G.; Weary, D.M. Calf aversion to hot-iron disbudding. Sci. Rep.
2019, 9, 1-6, doi:10.1038/s41598-019-41798-7.

Neave, HW.; Daros, R.R.; Costa, ].H.C.; von Keyserlingk, M.A.G.; Weary, D.M. Pain and pessimism: Dairy
calves exhibit negative judgement bias following hot-iron disbudding. PLoS ONE 2013, 8, e80556,
doi:10.1371/journal.pone.0080556.

Daros, R.R.; Costa, ].H.C.; von Keyserlingk, M.A.G.; Hotzel, M.].; Weary, D.M. Separation from the dam
causes negative judgement bias in dairy calves. PLoS ONE 2014, 9, e98429,
doi:10.1371/journal.pone.0098429.

Lecorps, B.; Ludwig, B.R.; von Keyserlingk, M.A.G.; Weary, D.M. Pain-induced pessimism and anhedonia:
Evidence from a novel probability-based judgment bias test. Front. Behav. Neurosci. 2019, 13, 54,
doi:10.3389/fnbeh.2019.00054.



Animals 2020, 10, 1786 15 of 23

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Ede, T.; Von Keyserlingk, M.A.G.; Weary, D.M. Assessing the affective component of pain, and the efficacy
of pain control, using conditioned place aversion in calves. Biol. Lett. 2019, 15, 4, d0i:10.1098/rsb1.2019.0642.
Adcock, S.J.J.; Tucker, CB. Conditioned place preference reveals ongoing pain in calves 3 weeks after
disbudding. Sci. Rep. 2020; 10(1), 3849.

Casoni, D.; Mirra, A.; Suter, M.R.; Gutzwiller, A.; Spadavecchia, C. Can disbudding of calves (one versus
four weeks of age) induce chronic pain?. Physiol. Behav. 2019, 199, 47-55, doi:10.1016/j.physbeh.2018.11.010.
Windig, J.J.; Hoving-Bolink, R.A.; Veerkamp, R.F. Breeding for polledness in Holstein cattle. Livest. Sci.
2015, 179, 96-101, doi:10.1016/.livsci.2015.05.021.

Schafberg, R.; Swalve, H.H. The history of breeding for polled cattle. Livest. Sci. 2015, 179, 54-70,
doi:10.1016/j.1ivsci.2015.05.017.

Carlson, D.F,; Lancto, C.A.; Zang, B.; Kim, E.S.; Walton, M.; Oldeschulte, D.; Seabury, C.; Sonstegard, T.S.;
Fahrenkrug, S.C. Production of hornless dairy cattle from genome-edited cell lines. Nat. Biotechnol. 2016,
34, 479-481, doi:10.1038/nbt.3560.

Robbins, J.A.; Shriver, A.; Mcconnachie, E.; Ho, M.J. Public attitudes towards genetically modified polled
cattle. PLoS ONE 2019, 14, e0216542.

Knierim, U.; Irrgang, N.; Roth, B.A. To be or not to be horned-Consequences in cattle. Livest. Sci. 2015, 179,
29-37, doi:10.1016/j.1ivsci.2015.05.014.

Hemsworth, P.H. Key determinants of pig welfare: Implications of animal management and housing
design on livestock welfare. Anim. Prod. Sci. 2018, 58, 1375-1386.

Menke, C.; Waiblinger, S.; Folsch, D.W.; Wiepkema, P.R. Social behaviour and injuries of horned cows in
loose housing systems. Anim. Welf. 1999, 8, 243-258.

Veissier, I.; Gesmier, V.; Le Neindre, P.; Gautier, ].Y.; Bertrand, G. The effects of rearing in individual crates
on subsequent social behaviour of veal calves. Appl. Anim. Behav. Sci. 1994, 41, 199-210, d0i:10.1016/0168-
1591(94)90023-X.

Jensen, M.B.; Vestergaard, K.S.; Krohn, C.C.; Munksgaard, L. Effect of single versus group housing and
space allowance on responses of calves during open-field tests. Appl. Anim. Behav. Sci. 1997, 54, 109-121,
doi:10.1016/S0168-1591(96)01183-5.

Raussi, S. Human—cattle interactions in group housing. Appl. Anim. Behav. Sci. 2003, 80, 245-262.

Gaillard, C.; Meagher, R.K.; von Keyserlingk, M.A.G.; Weary, D.M. Social Housing Improves Dairy Calves’
Performance in Two Cognitive Tests. PLoS ONE 2014, 9, 90205, doi:10.1371/journal.pone.0090205.g003.
Meagher, R.K; Daros, R.R; Costa, ].H.C.; von Keyserlingk, M.A.G.; Hotzel, M.].; Weary, D.M. Effects of
Degree and Timing of Social Housing on Reversal Learning and Response to Novel Objects in Dairy Calves.
PLoS ONE 2015, 10, e0132828.

Costa, ].H.C.; Meagher, R.K,; von Keyserlingk, M.A.G.; Weary, D.M. Early pair housing increases solid feed
intake and weight gains in dairy calves. J. Dairy Sci. 2015, 98, 6381-6386, d0i:10.3168/jds.2015-9395.
Whalin, L.; Weary, D.M.; von Keyserlingk, M.A.G. Short communication: Pair housing dairy calves in
modified calf hutches. J. Dairy Sci. 2018, 101, 5428-5433, d0i:10.3168/jds.2017-14361.

Overvest, M.A.; Crossley, R.E.; Miller-Cushon, E.K.; DeVries, T.J. Social housing influences the behavior
and feed intake of dairy calves during weaning. J. Dairy Sci. 2018, 101, 8123-8134, d0i:10.3168/jds.2018-
14465.

Bolt, S.L.; Boyland, N.K.; Mlynski, D.T.; James, R.; Croft, D.P. Pair Housing of Dairy Calves and Age at
Pairing: Effects on Weaning Stress, Health, Production and Social Networks. PLoS ONE 2017, 12, e0166926,
doi:10.1371/journal.pone.0166926.

Duve, L.R; Jensen, M.B. Social behavior of young dairy calves housed with limited or full social contact
with a peer. J. Dairy Sci. 2012, 95, 5936-5945, doi:10.3168/jds.2012-5428.

Holm, L.; Jensen, M.B.; Jeppesen, L.L. Calves” motivation for access to two different types of social contact
measured by operant conditioning. Appl. Anim. Behav. Sci. 2002, 79, 175-194, doi:10.1016/S0168-
1591(02)00137-5.

Feerevik, G.; Jensen, M.B.; Boe, K.E. Dairy calves social preferences and the significance of a companion
animal during separation from the group. Appl. Anim. Behav. Sci. 2006, 99, 205-221.

Duve, L.R.; Jensen, M.B. The level of social contact affects social behaviour in pre-weaned dairy calves.
Appl. Anim. Behav. Sci. 2011, 135, 34-43, doi:10.1016/j.applanim.2011.08.014.



Animals 2020, 10, 1786 16 of 23

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Raussi, S.; Niskanen, S.; Siivonen, J.; Hanninen, L.; Hepola, H.; Jauhiainen, L.; Veissier, I. The formation of
preferential ~ relationships at early age in cattle. Behav. Process. 2010, 84, 726-731,
doi:10.1016/j.beproc.2010.05.005.

Costa, J.H.C.; von Keyserlingk, M.A.G.; Weary, D.M. Invited review: Effects of group housing of dairy
calves on behavior, cognition, performance, and health. J. Dairy Sci. 2016, 99, 2453-2467,
doi:10.3168/jds.2015-10144.

von Keyserlingk, M.A.G.; Brusius, L.; Weary, D.M. Competition for Teats and Feeding Behavior by Group-
Housed Dairy Calves. . Dairy Sci. 2004, 87, 4190-4194, doi:10.3168/jds.50022-0302(04)73563-8.

Jensen, M.B. Computer-Controlled Milk Feeding of Dairy Calves: The Effects of Number of Calves per
Feeder and Number of Milk Portions on Use of Feeder and Social Behavior. J. Dairy Sci. 2004, 87, 3428-3438,
doi:10.3168/jds.50022-0302(04)73478-5.

Pedersen, R.E.; Serensen, ].T.; Skjeth, F.; Hindhede, ].; Nielsen, T.R. How milk-fed dairy calves perform in
stable versus dynamic groups. Livest. Sci. 2009, 121, 215-218, doi:10.1016/j.livsci.2008.06.007.

Gulliksen, S.M,; Lie, K.I; Loken, T.; Osteras, O. Calf mortality in Norwegian dairy herds. ]. Dairy Sci. 2009,
92, 2782-2795, d0i:10.3168/jds.2008-1807.

Waltner-Toews, D.; S.W. Martin; A.H. Meek Dairy calf management, morbidity and mortality in Ontario
Holstein herds. III . Association of management with morbidity. Prev. Vet. Med. 1986, 4, 137-158.

Jensen, M.B.; Larsen, L.E. Effects of level of social contact on dairy calf behavior and health. ]. Dairy Sci.
2014, 97, 5035-5044, doi:10.3168/jds.2013-7311.

Héanninen, L.; Hepola, H.; Rushen, J.; De Passillé, A.M.; Pursiainen, P.; Tuure, V.M.; Syrjdla-Qvist, L.;
Pyykkonen, M.; Saloniemi, H. Resting behaviour, growth and diarrhoea incidence rate of young dairy
calves housed individually or in groups in warm or cold buildings. Acta Agric. Scand. Sect. A Anim. Sci.
2003, 53, 21-28, d0i:10.1080/09064700310002008.

Babu, L.K.; Pandey, H.; Patra, R.C.; Sahoo, A. Hemato-biochemical changes, disease incidence and live
weight gain in individual versus group reared calves fed on different levels of milk and skim milk. Anim.
Sci. ]. 2009, 80, 149-156, doi:10.1111/j.1740-0929.2008.00620.x.

Jensen, M.B. The effects of feeding method, milk allowance and social factors on milk feeding behaviour
and cross-sucking in group housed dairy calves. Appl. Anim. Behav. Sci. 2003, 80, 191-206,
doi:10.1016/S0168-1591(02)00216-2.

Krohn, C.C.; Foldager, J.; Mogensen, L. Long-term Effect of Colostrum Feeding Methods on Behaviour in
Female Dairy Calves. Acta Agric. Scand. A Anim. Sci. 1999, 49, 57-64, doi:10.1080/090647099421540.
Margerison, ] K,; Preston, T.R.; Berry, N.; Phillips, C.J.C. Cross-sucking and other oral behaviours in calves,
and their relation to cow suckling and food provision. Appl. Anim. Behav. Sci. 2003, 80, 277-286,
doi:10.1016/S0168-1591(02)00231-9.

Miller-Cushon, E.K.; Bergeron, R.; Leslie, K.E.; DeVries, T.]. Effect of milk feeding level on development of
feeding behavior in dairy calves. J. Dairy Sci. 2013, 96, 551-564, doi:10.3168/jds.2012-5937.

Cantor, M.C.; Neave, HW.; Costa, ].H.C. Current perspectives on the short- and long-term effects of
conventional dairy calf raising systems: A comparison with the natural environment. Transl. Anim. Sci.
2019, 3, 549-563, doi:10.1093/tas/txy144.

Soberon, F.; Raffrenato, E.; Everett, RW.; Van Amburgh, M.E. Preweaning milk replacer intake and effects
on long-term productivity of dairy calves. J. Dairy Sci. 2012, 95, 783-793, doi:10.3168/jds.2011-4391.

Jensen, M.B. Milk meal pattern of dairy calves is affected by computer-controlled milk feeder set-up. J.
Dairy Sci. 2009, 92, 2906-2910, doi:10.3168/jds.2008-1748.

Castells, L.; Bach, A.; Araujo, G.; Montoro, C.; Terré, M. Effect of different forage sources on performance
and feeding behavior of Holstein calves. J. Dairy Sci. 2012, 95, 286-293, doi:10.3168/jds.2011-4405.

De Paula Vieira, A.; Guesdon, V.; de Passillé, A.M.; von Keyserlingk, M.A.G.; Weary, D.M. Behavioural
indicators of hunger in dairy calves. Appl. Anim. Behav. Sci. 2008, 109, 180-189,
doi:10.1016/j.applanim.2007.03.006.

Rosenberger, K.; Costa, ].H.C.; Neave, HW.; Weary, D.M.; von Keyserlingk, M.A.G. The effect of milk
allowance on behavior and weight gains in dairy calves. J. Dairy Sci. 2017, 100, 3327, d0i:10.3168/jds.2017-
100-4-3327.

Jung, J.; Lidfors, L. Effects of amount of milk, milk "ow and access to a rubber teat on cross-sucking and
non-nutritive sucking in dairy calves. Appl. Anim. Behav. Sci. 2001, 72, 201-213, doi:10.1300/]288v02n03_03.



Animals 2020, 10, 1786 17 of 23

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Veissier, I.; De Passillé, A.M.; Després, G.; Rushen, ]J.; Charpentier, I.; Ramirez De La Fe, A.R.; Pradel, P.
Does nutritive and non-nutritive sucking reduce other oral behaviors and stimulate rest in calves? ]. Anim.
Sci. 2002, 80, 2574-2587, doi:/2002.80102574x.

Lidfors, L.; Isberg, L. Intersucking in dairy cattle - Review and questionnaire. Appl. Anim. Behav. Sci. 2003,
80, 207-231, doi:10.1016/50168-1591(02)00215-0.

Horvath, K.C; Miller-Cushon, E.K. The effect of milk-feeding method and hay provision on the
development of feeding behavior and non-nutritive oral behavior of dairy calves. |. Dairy Sci. 2017, 100,
3949-3957, d0i:10.3168/jds.2016-12223.

De Passillé, A.M. Sucking motivation and related problems in calves. Appl. Anim. Behav. Sci. 2001, 72, 175~
187, doi:10.1016/50168-1591(01)00108-3.

Greter, A.M,; Kitts, B.L.; DeVries, T.J. Short communication: Limit feeding dairy heifers: Effect of feed bunk
space and provision of a low-nutritive feedstuff. . Dairy Sci. 2011, 94, 3124-3129, doi:10.3168/jds.2010-4029.
Greter, A.M.; Miller-Cushon, E.K.; McBride, B.W.; Widowski, T.M.; Duffield, T.F.; DeVries, T.J. Short
communication: Limit feeding affects behavior patterns and feeding motivation of dairy heifers. J. Dairy
Sci. 2015, 98, 1248-1254, doi:10.3168/jds.2014-8879.

Zobel, G.; Weary, D.M,; Leslie, K.E.; von Keyserlingk, M.A.G. Invited review: Cessation of lactation: Effects
on animal welfare. J. Dairy Sci. 2015, 98, 8263-8277, d0i:10.3168/jds.2015-9617.

Von Keyserlingk, M.A.G.; Weary, D.M. Maternal behavior in cattle. Horm. Behav. 2007, 52, 106-113,
doi:10.1016/j.yhbeh.2007.03.015.

De Passillé, A.M.; Borderas, T.F.; Rushen, J. Weaning age of calves fed a high milk allowance by automated
feeders: Effects on feed, water, and energy intake, behavioral signs of hunger, and weight gains. J. Dairy
Sci. 2011, 94, 1401-1408, doi:10.3168/jds.2010-3441.

Nielsen, P.P.; Jensen, M.B.; Halekoh, U.; Lidfors, L. Milk allowance and weaning method affect the use of
a computer controlled milk feeder and the development of cross-sucking in dairy calves. Appl. Anim. Behav.
Sci. 2008, 109, 223-237, d0i:10.1016/j.applanim.2017.11.012.

Weary, D.M,; Jasper, J.; Hotzel, M.]. Understanding weaning distress. Appl. Anim. Behav. Sci. 2008, 110, 24—
41, doi:10.1016/j.applanim.2007.03.025.

Rushen, J.; Wright, R.; Johnsen, ].F.; Mejdell, C.M.; de Passillé, A.M. Reduced locomotor play behaviour of
dairy calves following separation from the mother reflects their response to reduced energy intake. Appl.
Anim. Behav. Sci. 2016, 177, 6-11, doi:10.1016/j.applanim.2016.01.023.

Reinhardt, V.; Reinhardt, A. Cohesive Relationships in a Cattle Herd (Bos indicus). Behaviour 1981, 77, 121-
151.

Khan, M.A.; Weary, D.M.; Von Keyserlingk, M.A.G. Invited review: Effects of milk ration on solid feed
intake, weaning, and performance in dairy heifers. J. Dairy Sci. 2011, 94, 1071-1081, doi:10.3168/jds.2010-
3733.

Rushen, J.; Weary, D.M.; Smid, V.; Plaizier, K.; Girard, C.; Hall, M. Code of practice for the care and
handling of dairy cattle: Review of scientific research on priority issues. National Farm Animal Care
Council, Canada. 2009, 63-65.

Wickramasinghe, H.K.].P.; Kramer, A.J.; Appuhamy, J.A.D.R.N. Drinking water intake of newborn dairy
calves and its effects on feed intake, growth performance, health status, and nutrient digestibility. J. Dairy
Sci. 2019, 102, 377-387, d0i:10.3168/jds.2018-15579.

Jensen, M.B.; Munksgaard, L.; Pedersen, L.J.; Ladewig, J.; Matthews, L. Prior deprivation and reward
duration affect the demand function for rest in dairy heifers. Appl. Anim. Behav. Sci. 2004, 88, 1-11,
doi:10.1016/j.applanim.2004.02.019.

Munksgaard, L.; Jensen, M.B.; Pedersen, L.J.; Hansen, S.W.; Matthews, L. Quantifying behavioural
priorities —Effects of time constraints on behaviour of dairy cows, Bos taurus. Appl. Anim. Behav. Sci. 2005,
92, 3-14, d0i:10.1016/j.applanim.2004.11.005.

Norring, M.; Valros, A. The effect of lying motivation on cow behaviour. Appl. Anim. Behav. Sci. 2016, 176,
1-5, doi:10.1016/j.applanim.2015.11.022.

Popescu, S.; Borda, C.; Diugan, E.A.; Spinu, M.; Groza, L.S.; Sandru, C.D. Dairy cows welfare quality in tie-
stall housing system with or without access to exercise. Acta Vet. Scand. 2013, 55, 43, d0i:10.1186/1751-0147-
55-43.

Bielfeldt, ].C.; Badertscher, R.; T6lle, K.H.; Krieter, ]. Risk factors influencing lameness and claw disorders
in dairy cows. Livest. Prod. Sci. 2005, 95, 265-271, doi:10.1016/j.livprodsci.2004.12.005.



Animals 2020, 10, 1786 18 of 23

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Krohn, C.C.; Munksgaard, L. Behaviour of dairy cows kept in extensive (loose housing/pasture) or
intensive (tie stall) environments II. Lying and lying-down behaviour. Appl. Anim. Behav. Sci. 1993, 37, 1-
16, doi:https://doi.org/10.1016/0168-1591(93)90066-X.

Sogstad, A.M.; Fjeldaas, T.; Osteras, O.; Forshell, K.P. Prevalence of claw lesions in Norwegian dairy cattle
housed in tie stalls and free stalls. Prev. Vet. Med. 2005, 70, 191-209, doi:10.1016/j.prevetmed.2005.03.005.
Figueroa, J.; Sola-Oriol, D.; Manteca, X.; Pérez, J.F.; Dwyer, D.M. Anhedonia in pigs? Effects of social stress
and restraint stress on sucrose preference.  Physiol. = Behav. 2015, 151, 509-515,
doi:10.1016/j.physbeh.2015.08.027.

Veissier, I; Andanson, S.; Dubroeucq, H.; Pomiés, D. The motivation of cows to walk as thwarted by
tethering. J. Anim. Sci. 2008, 86, 2723-2729, d0i:10.2527/jas.2008-1020.

Robbins, J.A.; Roberts, C.; Weary, D.M.; Franks, B.; von Keyserlingk, M.A.G. Factors influencing public
support for dairy tie stall housing in the U.S. PLoS ONE 2019, 14, 0216544,
doi:10.1371/journal.pone.0216544.

Fregonesi, J.A.; Tucker, C.B.; Weary, D.M. Overstocking reduces lying time in dairy cows. J. Dairy Sci. 2007,
90, 3349-3354, doi:10.3168/jds.2006-794.

Reich, L.J.; Weary, D.M.; Veira, D.M.; Von Keyserlingk, M.A.G. Effects of sawdust bedding dry matter on
lying behavior of dairy cows: A dose-dependent response. ]. Dairy Sci. 2010, 93, 1561-1565,
doi:10.3168/jds.2009-2713.

Camiloti, T.V.; Fregonesi, ]J.A.; von Keyserlingk, M.A.G.; Weary, D.M. Short communication: Effects of
bedding quality on the lying behavior of dairy calves. J. Dairy Sci. 2012, 95, 3380-3383, doi:10.3168/jds.2011-
5187.

Tucker, C.B.; Weary, D.M.; Fraser, D. Effects of Three Types of Free-Stall Surfaces on Preferences and Stall
Usage by Dairy Cows. J. Dairy Sci. 2003, 86, 521-529, d0i:10.3168/jds.S0022-0302(03)73630-3.

Tucker, C.B.; Weary, D.M. Bedding on geotextile mattresses: How much is needed to improve cow comfort?
J. Dairy Sci. 2004, 87, 2889-2895, doi:10.3168/jds.50022-0302(04)73419-0.

Bewley, J.M.; Robertson, L.M.; Eckelkamp, E.A. A 100-Year Review: Lactating dairy cattle housing
management. J. Dairy Sci. 2017, 100, 10418-10431, d0i:10.3168/jds.2017-13251.

Barrientos, A.K.; Chapinal, N.; Weary, D.M.; Galo, E.; Von Keyserlingk, M.A.G. Herd-level risk factors for
hock injuries in freestall-housed dairy cows in the northeastern united states and california. J. Dairy Sci.
2013, 96, 3758-3765, d0i:10.3168/jds.2012-6389.

Bran, J.A.; Costa, ] H.C.; von Keyserlingk, M.A.G.; Hotzel, M.J. Factors associated with lameness prevalence
in lactating cows housed in freestall and compost-bedded pack dairy farms in southern Brazil. Prev. Vet.
Med. 2019, 172, 104773, d0i:10.1016/j.prevetmed.2019.104773.

Cook, N.B.; Bennett, T.B.; Nordlund, K.V. Effect of free stall surface on daily activity patterns in dairy cows
with relevance to lameness prevalence. |. Dairy Sci. 2004, 87, 2912-2922, doi:10.3168/jds.S0022-
0302(04)73422-0.

Thomsen, P.T.; Kjeldsen, A.M.; Serensen, ]J.T.; Houe, H.; Ersbell, A.K. Herd-level risk factors for the
mortality of cows in Danish dairy herds. Vet. Rec. 2006, 158, 622-626, doi:10.1136/vr.158.18.622.

Tucker, C.B.; Zdanowicz, G.; Weary, D.M. Brisket boards reduce freestall use. J. Dairy Sci. 2006, 89, 2603—
2607, doi:10.3168/jds.50022-0302(06)72337-2.

Bernardi, F.; Fregonesi, J.; Winckler, C.; Veira, D.M.; von Keyserlingk, M.A.G.; Weary, D.M. The stall-design
paradox: Neck rails increase lameness but improve udder and stall hygiene. J. Dairy Sci. 2009, 92, 3074—
3080, doi:10.3168/jds.2008-1166.

Eicher, S.D.; Lay, D.C.; Arthington, ].D.; Schutz, M.M. Effects of rubber flooring during the first 2 lactations
on production, locomotion, hoof health, immune functions, and stressl. ]. Dairy Sci. 2013, 96, 3639-3651,
doi:10.3168/jds.2012-6049.

Schreiner, D.A.; Ruegg, P.L. Relationship Between Udder and Leg Hygiene Scores and Subclinical Mastitis.
J. Dairy Sci. 2003, 86, 3460-3465, doi:10.3168/jds.50022-0302(03)73950-2.

Tucker, C.B.; Weary, D.M,; Fraser, D. Influence of Neck-Rail Placement on Free-Stall Preference, Use, and
Cleanliness. J. Dairy Sci. 2005, 88, 27302737, doi:10.3168/jds.S0022-0302(05)72952-0.

Erp-Van Der, E. Van; Almalik, O.; Cavestany, D.; Roelofs, J.; Eerdenburg, F. Van Lying postures of dairy
cows in cubicles and on pasture. Animals 2019, 9, 183, d0i:10.3390/ani9040183.

Endres, M.L; Barberg, A.E. Behavior of dairy cows in an alternative bedded-pack housing system. . Dairy
Sci. 2007, 90, 4192-4200, doi:10.3168/jds.2006-751.



Animals 2020, 10, 1786 19 of 23

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Fregonesi, ].A.; Leaver, ].D. Influence of space allowance and milk yield level on behaviour, performance
and health of dairy cows housed in strawyard and cubicle systems. Livest. Prod. Sci. 2002, 78, 245-257,
doi:10.1016/S0301-6226(02)00097-0.

Fregonesi, ].A.; Leaver, ].D. Behaviour, performance and health indicators of welfare for dairy cows housed
in strawyard or cubicle systems. Livest. Prod. Sci. 2001, 68, 205-216, doi:10.1016/S0301-6226(00)00234-7.
Fregonesi, ]J.A.; von Keyserlingk, M.A.G.; Weary, D.M. Cow preference and usage of free stalls compared
with an open pack area. J. Dairy Sci. 2009, 92, 5497-5502, doi:10.3168/jds.2009-2331.

Leso, L.; Barbari, M.; Lopes, M.A.; Damasceno, F.A.; Galama, P.; Taraba, ].L.; Kuipers, A. Invited review:
Compost-bedded pack barns for dairy cows. J. Dairy Sci. 2020, 103, 1072-1099, d0i:10.3168/jds.2019-16864.
Boissy, A.; Manteuffel, G.; Jensen, M.B.; Moe, R.O.; Spruijt, B.; Keeling, L.].; Winckler, C.; Forkman, B.;
Dimitrov, I.; Langbein, J.; et al. Assessment of positive emotions in animals to improve their welfare.
Physiol. Behav. 2007, 92, 375-397, doi:10.1016/j.physbeh.2007.02.003.

Shepley, E.; Lensink, J.; Leruste, H.; Vasseur, E. The effect of free-stall versus strawyard housing and access
to pasture on dairy cow locomotor activity and time budget. Appl. Anim. Behav. Sci. 2020, 224, 104928,
doi:10.1016/j.applanim.2019.104928.

Canadian General Standards Board. Canadian Standards for Organic Farming, Organic Production Systems.
General Principles and Management Standards; CAN/CGSB-3; Canadian General Standards Board: Ottawa,
Canada, 2009.

Winckler, C.; Tucker, C.B.; Weary, D.M. Effects of under- and overstocking freestalls on dairy cattle
behaviour. Appl. Anim. Behav. Sci. 2015, 170, 14-19, doi:10.1016/j.applanim.2015.06.003.

Telezhenko, E.; von Keyserlingk, M.A.G.; Talebi, A.; Weary, D.M. Effect of pen size, group size, and
stocking density on activity in freestall-housed dairy cows. |. Dairy Sci. 2012, 95, 3064-3069,
doi:10.3168/jds.2011-4953.

Hill, C.T.; Krawczel, P.D.; Dann, H.M,; Ballard, C.S.; Hovey, R.C,; Falls, W.A.; Grant, R.J. Effect of stocking
density on the short-term behavioural responses of dairy cows. Appl. Anim. Behav. Sci. 2009, 117, 144-149,
doi:10.1016/j.applanim.2008.12.012.

Fustini, M.; Galeati, G.; Gabai, G.; Mammi, L.E.; Bucci, D.; Baratta, M.; Accorsi, P.A.; Formigoni, A.
Overstocking dairy cows during the dry period affects dehydroepiandrosterone and cortisol secretion. J.
Dairy Sci. 2017, 100, 620-628, doi:10.3168/jds.2016-11293.

McDonald, P.V.; von Keyserlingk, M.A.G.; Weary, D.M. Technical note: Using an electronic drinker to
monitor competition in dairy cows. J. Dairy Sci. 2019, 102, 3495-3500, d0i:10.3168/jds.2018-15585.

Huzzey, ] M.; DeVries, T.].; Valois, P.; von Keyserlingk, M.A.G. Stocking Density and Feed Barrier Design
Affect the Feeding and Social Behavior of Dairy Cattle. J. Dairy Sci. 2006, 89, 126-133, doi:10.3168/jds.S0022-
0302(06)72075-6.

DeVries, T.J.; Von Keyserlingk, M.A.G.; Weary, D.M. Effect of feeding space on the inter-cow distance,
aggression, and feeding behavior of free-stall housed lactating dairy cows. ]. Dairy Sci. 2004, 87, 1432-1438,
doi:10.3168/jds.50022-0302(04)73293-2.

Endres, M.L; DeVries, T.J.; Von Keyserlingk, M.A.G.; Weary, D.M. Short communication: Effect of feed
barrier design on the behavior of loose-housed lactating dairy cows. J. Dairy Sci. 2005, 88, 2377-2380,
doi:10.3168/jds.50022-0302(05)72915-5.

DeVries, T ].; von Keyserlingk, M.A.G. Feed Stalls Affect the Social and Feeding Behavior of Lactating Dairy
Cows. J. Dairy Sci. 2006, 89, 3522-3531, doi:10.3168/jds.50022-0302(06)72392-X.

Talebi, A.; Von Keyserlingk, M.A.G.; Telezhenko, E.; Weary, D.M. Reduced stocking density mitigates the
negative effects of regrouping in dairy cattle. J. Dairy Sci. 2014, 97, 1358-1363, doi:10.3168/jds.2013-6921.
Huzzey, ].M.; Nydam, D.V.; Grant, R.J.; Overton, T.R. The effects of overstocking Holstein dairy cattle
during the dry period on cortisol secretion and energy metabolism. |. Dairy Sci. 2012, 95, 4421-4433,
doi:10.3168/jds.2011-5037.

Leblanc, S. Monitoring metabolic health of dairy cattle in the transition period introduction —Metabolic
challenges in peripartum dairy cows and their associations with reproduction. J. Reprod. Dev. Reprod. Dev.
2010, 56, 29-35.

Proudfoot, K.L.; Weary, D.M.; LeBlanc, S.J.; Mamedova, L.K.; von Keyserlingk, M.A.G. Exposure to an
unpredictable and competitive social environment affects behavior and health of transition dairy cows. J.
Dairy Sci. 2018, 101, 9309-9320, doi:10.3168/jds.2017-14115.



Animals 2020, 10, 1786 20 of 23

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Galindo, F.; Broom, D.M. The relationships between social behaviour of dairy cows and the occurrence of
lameness in three herds. Res. Vet. Sci. 2000, 69, 75-79, doi:10.1053/rvsc.2000.0391.

Smid, AM.C,; Weary, D.M.; von Keyserlingk, M.A.G. Effect of outdoor open pack space allowance on the
behavior of freestall-housed dairy cows. J. Dairy Sci. 2020, 103, 3422-3430, d0i:10.3168/jds.2019-17066.
Smid, AM.C,; Weary, D.M.; Costa, ].H.C.; von Keyserlingk, M.A.G. Dairy cow preference for different
types of outdoor access. J. Dairy Sci. 2018, 101, 1448-1455, doi:10.3168/jds.2017-13294.

Arnott, G.; Ferris, C.P.; O’connell, N.E. Review: Welfare of dairy cows in continuously housed and pasture-
based production systems. Animal 2017, 11, 261-273, doi:10.1017/51751731116001336.

Charlton, G.L.; Rutter, SM. The behaviour of housed dairy cattle with and without pasture access: A
review. Appl. Anim. Behav. Sci. 2017, 192, 2-9, d0i:10.1016/j.applanim.2017.05.015.

Legrand, A.L.; Von keyserlingk, M.A.G.; Weary, D.M. Preference and usage of pasture versus free-stall
housing by lactating dairy cattle. J. Dairy Sci. 2009, 92, 3651-3658, doi:10.3168/jds.2008-1733.

Charlton, G.L.; Rutter, S.M.; East, M.; Sinclair, L.A. Preference of dairy cows: Indoor cubicle housing with
access to a total mixed ration vs. access to pasture. Appl. Anim. Behav. Sci. 2011, 130, 1-9,
doi:10.1016/j.applanim.2010.11.018.

Charlton, G.L.; Rutter, S.M.; East, M.; Sinclair, L.A. The motivation of dairy cows for access to pasture. J.
Dairy Sci. 2013, 96, 4387-4396, doi:10.3168/jds.2012-6421.

Krohn, C.C.; Munksgaard, L.; Jonasen, B. Behaviour of dairy cows kept in extensive (loose housing/pasture)
or intensive (tie stall) environments I. Experimental procedure, facilities, time budge—Diurnal and
seasonal conditions. Appl. Anim. Behav. Sci. 1992, 34, 37-47, d0i:10.1016/S0168-1591(05)80055-3.

Smid, A.M.C.; Burgers, E.E.A,; Weary, D.M.; Bokkers, E.A.M.; von Keyserlingk, M.A.G. Dairy cow
preference for access to an outdoor pack in summer and winter. J. Dairy Sci. 2019, 102, 1551-1558,
doi:10.3168/jds.2018-15007.

Fraser, D.; Nicol, C.J. Preference and Motivation Research. CAB Int. Anim. Welf. 3e Eds 2018, 213-231,
doi:10.1017/CB0O9781107415324.004.

Washburn, S.P.; White, S.L.; Green, ]J.T.; Benson, G.A. Reproduction, mastitis, and body condition of
seasonally calved holstein and jersey cows in confinement or pasture systems. J. Dairy Sci. 2002, 85, 105—
111, d0i:10.3168/jds.S0022-0302(02)74058-7.

Whay, H.R.; Shearer, ].K. The Impact of Lameness on Welfare of the Dairy Cow. Vet. Clin. Food Anim. Pract.
2017, 33, 153-164, doi:10.1016/j.cvfa.2017.02.008.

Volkmann, N.; Kemper, N. Claw condition and claw health in dairy cows: How important is access to
pasture?. Vet. Rec. 2018, 182, 76-78, doi:10.1136/vr.k193.

Fall, N.; Emanuelson, U.; Martinsson, K.; Jonsson, S. Udder health at a Swedish research farm with both
organic and conventional dairy cow management. Prev. Vet. Med. 2008, 83, 186-195,
doi:10.1016/j.prevetmed.2007.07.003.

Stojkov, J.; von Keyserlingk, M.A.G.; Marchant-Forde, J.N.; Weary, D.M. Assessment of visceral pain
associated with metritis in dairy cows. J. Dairy Sci. 2015, 98, 5352-5361, d0i:10.3168/jds.2014-9296.

Huxley, J.N. Impact of lameness and claw lesions in cows on health and production. Livest. Sci. 2013, 156,
64-70, d0i:10.1016/j.1ivsci.2013.06.012.

Wittrock, J.M.; Proudfoot, K.L.; Weary, D.M.; Von Keyserlingk, M.A.G. Short communication: Metritis
affects milk production and cull rate of Holstein multiparous and primiparous dairy cows differently. J.
Dairy Sci. 2011, 94, 2408-2412, doi:10.3168/jds.2010-3697.

Hemsworth, P.H.; Barnett, J.L.; Beveridge, L.; Matthews, L.R. The welfare of extensively managed dairy
cattle: A review. Appl. Anim. Behav. Sci. 1995, 42, 161-182, doi:10.1016/0168-1591(94)00538-P.

Veissier, L; Palme, R.; Moons, C.P.H.; Ampe, B.; Sonck, B.; Andanson, S.; Tuyttens, F.A.M. Heat stress in
cows at pasture and benefit of shade in a temperate climate region. Int. ]. Biometeorol. 2018, 62, 585-595,
do0i:10.1007/s00484-017-1468-0.

Polsky, L.; von Keyserlingk, M.A.G. Invited review: Effects of heat stress on dairy cattle welfare. . Dairy
Sci. 2017, 100, 8645-8657, doi:10.3168/jds.2017-12651.

Schiitz, K.E.; Cox, N.R.; Matthews, L.R. How important is shade to dairy cattle? Choice between shade or
lying following different levels of lying deprivation. Appl. Anim. Behav. Sci. 2008, 114, 307-318,
doi:10.1016/j.applanim.2008.04.001.



Animals 2020, 10, 1786 21 of 23

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Chen, J.M.; Stull, C.L.; Ledgerwood, D.N.; Tucker, C.B. Muddy conditions reduce hygiene and lying time
in dairy cattle and increase time spent on concrete. J. Dairy Sci. 2017, 100, 2090-2103, doi:10.3168/jds.2016-
11972.

Wormsbecher, L.; Bergeron, R.; Haley, D.; de Passillé, A.M.; Rushen, J.; Vasseur, E. A method of outdoor
housing dairy calves in pairs using individual calf hutches. |. Dairy Sci. 2017, 100, 7493-7506,
doi:10.3168/jds.2017-12559.

Fraser, D. Animal ethics and animal welfare science: Bridging the two cultures. Appl. Anim. Behav. Sci. 1999,
65, 171-189, doi:10.1016/S0168-1591(99)00090-8.

Sutherland, M.A.; Webster, J.; Sutherland, I. Animal health and welfare issues facing organic production
systems. Animals 2013, 3, 1021-1035, doi:10.3390/ani3041021.

Nicholas, P.K,; Padel, S.; Cuttle, S.P.; Fowler, S.M.; Hovi, M.; Lampkin, N.H.; Weller, R.F. Organic dairy
production: A review. Biol. Agric. Hortic. 2004, 22, 217-249, doi:10.1080/01448765.2004.9755287.

Vaarst, M.; Bennedsgaard, T.W.; Klaas, I.; Nissen, T.B.; Thamsborg, S.M.; Ostergaard, S. Development and
daily management of an explicit strategy of nonuse of antimicrobial drugs in twelve danish organic dairy
herds. J. Dairy Sci. 2006, 89, 1842-1853, doi:10.3168/jds.s0022-0302(06)72253-6.

Wagenaar, J.P.; Klocke, P.; Butler, G.; Smolders, G.; Nielsen, J.H.; Canever, A.; Leifert, C. Effect of
production system, alternative treatments and calf rearing system on udder health in organic dairy cows.
NJAS Wagening ]. Life Sci. 2011, 58, 157-162, d0i:10.1016/j.njas.2011.06.001.

Rosati, A.; Aumaitre, A. Organic dairy farming in Europe. Livest. Prod. Sci. 2004, 90, 41-51,
doi:10.1016/j.livprodsci.2004.07.005.

Vaarst, M.; Bennedsgaard, T.W. Reduced medication in organic farming with emphasis on organic dairy
production. Acta Vet. Scand. Suppl. 2001, 95, 51-57, doi:10.1186/1751-0147-43-S1-S51.

Valle, P.S.; Lien, G.; Flaten, O.; Koesling, M.; Ebbesvik, M. Herd health and health management in organic
versus conventional dairy herds in Norway. Livest. Sci. 2007, 112, 123-132, d0i:10.1016/j.1ivsci.2007.02.005.
Langford, F.M.; Rutherford, K.M.; Jack, M.C.; Sherwood, L.; Lawrence, A.B.; Haskell, M.J. A comparison of
management practices, farmer-perceived disease incidence and winter housing on organic and non-organic
dairy farms in the UK. J. Dairy Res. 2009, 76, 6, d0i:10.1017/50022029908003622.

Hardeng, F.; Edge, V.L. Mastitis, ketosis, and milk fever in 31 organic and 93 conventional Norwegian
Dairy Herds. |. Dairy Sci. 2001, 84, 2673-2679, doi:10.3168/jds.50022-0302(01)74721-2.

von Borell, E.; Serensen, J.T. Organic livestock production in Europe: Aims, rules and trends with special
emphasis on animal health and welfare. Livest. Prod. Sci. 2004, 90, 3-9, d0i:10.1016/j.livprodsci.2004.07.003.
van Wagenberg, C.P.A.; de Haas, Y.; Hogeveen, H.; van Krimpen, M.M.; Meuwissen, M.P.M.; van
Middelaar, C.E.; Rodenburg, T.B. Animal Board Invited Review: Comparing conventional and organic
livestock production systems on different aspects of sustainability. Animal 2017, 11, 1839-1851,
doi:10.1017/S175173111700115X.

Sundberg, T.; Berglund, B.; Rydhmer, L.; Strandberg, E. Fertility, somatic cell count and milk production
in Swedish organic and conventional dairy herds. Livest. Sci. 2009, 126, 176-182,
doi:10.1016/j.livsci.2009.06.022.

Roesch, M.; Doherr, M.G.; Schédren, W.; Schallibaum, M.; Blum, J.W. Subclinical mastitis in dairy cows in
Swiss organic and conventional production systems. ] Dairy Res. 2007, 74, 86-92,
d0i:10.1017/5002202990600210X.

Orjales, 1.; Lopez-Alonso, M.; Rodriguez-Bermudez, R.; Rey-Crespo, F.; Villar, A.; Miranda, M. Is lack of
antibiotic usage affecting udder health status of organic dairy cattle? J. Dairy Res. 2016, 83, 464-467,
doi:10.1017/s0022029916000601.

Bennedsgaard, T.W.; Thamsborg, S.M.; Vaarst, M.; Enevoldsen, C. Eleven years of organic dairy production
in Denmark: Herd health and production related to time of conversion and compared to conventional
production. Livest. Prod. Sci. 2003, 80, 121-131, doi:10.1016/50301-6226(02)00312-3.

Richert, R.M.; Cicconi, K.M.; Gamroth, M.].; Schukken, Y.H.; Stiglbauer, K.E.; Ruegg, P.L. Risk factors for
clinical mastitis, ketosis, and pneumonia in dairy cattle on organic and small conventional farms in the
United States. J. Dairy Sci. 2013, 96, 4269-4285, doi:10.3168/jds.2012-5980.

Hamilton, C.; Forslund, K.; Hansson, I.; Emanuelson, U.; Ekman, T. Health of cows, calves and young stock
on 26 organic dairy herds in Sweden. Vet. Rec. 2002, 150, 503-508, doi:10.1136/v1.150.16.503.

Winder, C.B.; Sargeant, ].M.; Kelton, D.F.; Leblanc, S.J.; Duffield, T.F.; Glanville, J.; Wood, H.; Churchill,
K.J.; Dunn, J.; Bergevin, M.D.; et al. Comparative efficacy of blanket versus selective dry-cow therapy: A



Animals 2020, 10, 1786 22 of 23

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

systematic review and pairwise meta-analysis. Anim. Heal. Res. Rev. 2019, 20, 217-228,
doi:10.1017/51466252319000306.

Bennedsgaard, T.W.; Klaas, I.C.; Vaarst, M. Reducing use of antimicrobials—Experiences from an
intervention study in organic dairy herds in Denmark. Livest. Sci. 2010, 131, 183-192,
doi:10.1016/j.livsci.2010.03.018.

Ahlman, T.; Berglund, B.; Rydhmer, L.; Strandberg, E. Culling reasons in organic and conventional dairy
herds and genotype by environment interaction for longevity. J. Dairy Sci. 2011, 94, 1568-1575,
doi:10.3168/jds.2010-3483.

Park, Y.K,; Fox, L.K.; Hancock, D.D.; McMahan, W.; Park, Y.H. Prevalence and antibiotic resistance of
mastitis pathogens isolated from dairy herds transitioning to organic management. J. Vet. Sci. 2012, 13, 103—
105, d0i:10.4142/jvs.2012.13.1.103.

Doherr, M.G.; Roesch, M.; Schaeren, W.; Perreten, V.; Blum, ]. W.; Schéllibaum, M. Comparison of Antibiotic
Resistance of Udder Pathogens in Dairy Cows Kept on Organic and on Conventional Farms. J. Dairy Sci.
2006, 89, 989-997, doi:10.3168/jds.s0022-0302(06)72164-6.

Krieger, M.; Jones, P.].; Blanco-Penedo, I.; Duval, ].E.; Emanuelson, U.; Hoischen-Taubner, S.; Sjostrom, K.;
Sundrum, A. Improving animal health on organic dairy farms: Stakeholder views on policy options.
Sustainability 2020, 12, 3001, doi:10.3390/su12073001.

European Union. 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; European Union: Bruxelles, Belgium, 2005.

European Union. Council Regulation (EC) No 1099/2009 of 24 September 2009 on the protection of animals at
the time of killing. European Union: Bruxelles, Belgium.

Grandin, T. Assessment of Stress during Handling and Transport. |. Anim. Sci. 1997, 75, 249-257,
doi:10.2527/1997.751249x.

Schwartzkopf-Genswein, K.S.; Faucitano, L.; Dadgar, S.; Shand, P.; Gonzalez, L.A.; Crowe, T.G. Road
transport of cattle, swine and poultry in North America and its impact on animal welfare, carcass and meat
quality: A review. Meat Sci. 2012, 92, 227-243, doi:10.1016/j.meatsci.2012.04.010.

EurogroupforAnimals. Over 1 million European citizens call to # StopTheTrucks. 2017. Available at:
https://www.eurogroupforanimals.org/news/over-1-million-european-citizens-call-stopthetrucks (access
on 1 October 2020).

European Union. European Parliament Resolution of 14 February 2019 on the Implementation of Council
Regulation (EC) No 1/2005 on the Protection of Animals during Transport within and Outside the EU
(2018/2110(INI)); European Union: Bruxeles, Belgium, 2019.

European Parliament. European Parliament Decision on Setting Up a Committee of Inquiry to Investigate Alleged

Contraventions and Maladministration in the Application of Union Law in Relation to the Protection of Animals
During Transport within and Outside the Union, and Defin; European Parliament: Bruxelles, Belgium, 2020.
Hultgren, J. Is livestock transport a necessary practice? Mobile slaughter and on-farm stunning and killing
before transport to slaughter. CAB Rev. Perspect. Agric. Vet. Sci. Nutr. Nat. Resour. 2018, 13, 1-15,
doi:10.1079/pavsnnr201813054.

Hultgren, J.; Arvidsson Segerkvist, K.; Berg, C.; Karlsson, A.H.; Algers, B. Animal handling and stress-
related behaviour at mobile slaughter of cattle. Prev. Vet. Med. 2020, 177, 104959,
doi:10.1016/j.prevetmed.2020.104959.

Eriksen, M.S.; Redbotten, R.; Grondahl, A.M.; Friestad, M.; Andersen, I.L.; Mejdell, C.M. Mobile abattoir
versus conventional slaughterhouse-Impact on stress parameters and meat quality characteristics in
Norwegian lambs. Appl. Anim. Behav. Sci. 2013, 149, 21-29, d0i:10.1016/j.applanim.2013.09.007.

European Union. Charter of Fundamental Rights of the European Union; European Union: Bruxelles, Belgium,
2016; doi:10.4337/9781786435477.00032.

Council of Europe. European Convention on Human Rights; Council of Europe: Strasbourg, France, 1950;
doi:10.1192/pb.27.12.463-a.

European Court of Human Rights. Cha’are Shalom ve Tsedek v. France, n°27417/05; European Court of Human
Rights, Strasbourg, France, 2000.

Gregory, N.G.; Fielding, H.R.; von Wenzlawowicz, M.; von Holleben, K. Time to collapse following
slaughter without stunning in cattle. Meat Sci. 2010, 85, 66—69, doi:10.1016/j.meatsci.2009.12.005.


https://www.eurogroupforanimals.org/news/over-1-million-european-citizens-call-stopthetrucks

Animals 2020, 10, 1786 23 of 23

206. Johnson, C.B.; Gibson, T.J.; Stafford, K.J.; Mellor, D.J. Pain perception at slaughter. Anim. Welf. 2012, 21,
113-122, doi:10.7120/096272812X13353700593888.

207. Mellor, D.J.; Gibson, T.J.; Johnson, C.B. A re-evaluation of the need to stun calves prior to slaughter by
ventral-neck incision: An introductory review. N. Z. Vet. ]. 2009, 57, 74-76, d0i:10.1080/00480169.2009.36881.

208. Nakyinsige, K.; Che Man, Y.B.; Aghwan, Z.A.; Zulkifli, I.; Goh, Y.M.; Abu Bakar, F.; Al-Kahtani, H.A.;
Sazili, A.Q. Stunning and animal welfare from Islamic and scientific perspectives. Meat Sci. 2013, 95, 352—
361, doi:10.1016/j.meatsci.2013.04.006.

209. Terlouw, EM.C.; Arnould, C.; Auperin, B,; Berri, C.; Le Bihan-Duval, E.; Deiss, V.; Lefevre, F.; Lensink, B.J.;
Mounier, L. Pre-slaughter conditions, animal stress and welfare: Current status and possible future
research. Animal 2008, 2, 1501-1517, doi:10.1017/51751731108002723.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access

‘@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




	1. Introduction
	2. Physical Mutilations
	3. Calf Care
	3.1. Social Housing
	3.2. Feeding

	4. Indoor Housing
	4.1. Lying or Resting Area
	4.2. Stocking Density

	5. Outdoor Access
	6. Health
	7. Post Farm Gate
	8. Conclusions
	References

