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Foreword

Animal welfare is largely perceived as a ‘public good’ by society, and it
is considered a necessary element of sustainable animal production. It is
also associated with other aspects, such as animal health, productivity,
and efficiency from a cost-of-production perspective. Therefore, animal
welfare is an essential tool to gain and maintain markets, and any hus-
bandry that benefits sustainability should maximize animal welfare and
avoid its potential impairment. To help ensure public confidence, the
on-site assessment of welfare as well as the implementation of ‘best
practice’ standards should be based on a solid scientific background.

Dairy Cattle: Animal Welfare in Practice, structured in 10 chapters,
translates the scientific knowledge of the welfare of dairy cattle into
practice. The book includes definitions of animal welfare and key sci-
entific approaches to welfare issues related to feeding, housing, health,
and behaviour. These chapters provide a scientifically based outline
for how to evaluate the welfare of dairy cattle at a farm level. They pay
special attention to the animal-based measures, although other environ-
mentally based and management-based parameters are also described.
The later chapters focus on the most pressing welfare challenges in
dairy cattle, such as milking, drying-off, calving, and pre-weaning. The
emphasis is not just on discussing problems, but on identifying strate-
gies for improving welfare. These issues are elaborated by well-known
experts in their field. This unique approach has added value compared
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with other books because of the practical approach and experience in
field work.

The onus of maintaining good animal welfare is on the farmers, vet-
erinarians, and assessors who are required to put in place monitoring
procedures, including animal-based indicators, to evaluate animal wel-
fare, and housing and management strategies to ensure the welfare of
dairy cattle. This will be a reference book of valuable practical infor-
mation that veterinarians, practitioners, farmers, and veterinary and
animal science students can use to identify welfare problems and to
improve animal welfare on dairy farms. The book will not only help
improve dairy cattle welfare but also encourage discussion about future
priorities and solutions.

Dr Antonio Velarde Calvo

European Veterinary Specialist in Animal Welfare Science,
Ethics and Law by the ECAWBM (European College of
Animal Welfare and Behaviour Medicine)

Head of the Animal Welfare programme at IRTA
(Institute of Agrifood Research and Technology)



CHAPTER 1

What is animal
welfare?

1.1 Characteristics of animal welfare

The concept of animal welfare includes three main elements: the ani-
mal’s normal biological functioning (which, among other things,
means ensuring that the animal is healthy and well nourished), its emo-
tional state (including the absence of negative emotions such as pain
and chronic fear and the presence of positive emotions), and its ability
to express certain behaviours (Figure 1.1). These three principles
are often complementary. This notwithstanding, not all behaviours are
equally important in terms of animal welfare. From a practical stand-
point, the clearest indication that a given behaviour is important is
whether the animal shows a stress response or exhibits abnormal behav-
iour when prevented from performing it. A calf's sucking behaviour is
an example of such an important behaviour.

Animal welfare can be assessed on the basis of each of the three main
elements. The first approach assesses an animal’s welfare based on the
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Figure 1.1 Main elements that determine animal welfare (adapted from Fraser
etal., 1997).

presence of an adequate biological function. To cope with a challenge,
the animal will activate various body-repair systems, immunologi-
cal defences, physiological stress responses, and several behavioural
responses. The biological cost of these responses can ultimately affect
the growth, health, and reproduction of the animal.

The second approach links welfare to the absence of negative emotions
and the presence of positive ones. Concerns for animal welfare are gener-
ally based on the assumption that animals can subjectively experience
emotional states and, hence, can suffer or experience pleasure. European
legislation (the Treaty of Amsterdam) refers to animals as ‘sentient
beings’ (Council of the European Union, 1997). The suffering of indi-
vidual animals is often a concern of the general public, and nowadays
most scientists accept that animal suffering, and the degree of animal
consciousness that this implies, are essential aspects of animal welfare.

Finally, some definitions of welfare are based on the ability of the ani-
mals to engage in normal patterns of behaviour. ‘Normal behaviour’ is
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usually associated with the behaviour shown by most members of a
species under natural conditions. Defining what should be considered
normal or not (or, conversely, prejudicial or not) for the animal is not
straightforward, especially when dealing with animals housed in a vari-
ety of conditions. However, it is accepted that welfare is impaired when
the inability of an animal to show a particular behaviour results in pain
or suffering. Such behaviours are usually known as behavioural needs.

These apparently divergent definitions of welfare are, in fact, three
complementary issues. Each of these approaches has its own merits
but none of them captures on its own the different aspects of animal
welfare. It has been suggested, therefore, that the assessment of animal
welfare should include all three approaches, and all three principles are
included in multiple ‘official’ definitions of animal welfare.

World Organisation for Animal Health (OIE) Terrestrial
Animal Health Code (2021)

Animal welfare means the physical and mental state of an animal in rela-
tion to the conditions in which it lives and dies. An animal experiences good
welfare if the animal is healthy, comfortable, well nourished, safe, does not
suffering from unpleasant states, such as pain, fear and distress, and is able
to express behaviours that are important for its physical and mental state.

Welfare can vary over a wide range, from very good to very poor. In
between these extremes, the animal may cope with a given situation,
but with a cost of adaptation. Welfare depends on whether the animal
is able to cope, and on how much it has to do to cope, with challenges
in its environment. As feelings are part of the coping mechanisms used
by animals, feelings are an important part of welfare.

‘The term welfare refers to the state of an individual in relation to its
environment, and this can be measured’ (Donald Broom, animal welfare
scientist).
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The animal reaches a state of good welfare when it is kept in an environ-
ment that allows it to satisfy its motivations and enables it to experience
positive emotional states. When the situation moves away from this
ideal state, the animal will use a wide range of physiological mecha-
nisms and behaviours to cope with its environment. The ability to cope
successfully or not will depend on the individual animal itself and on
how much it must cope with. The inability to cope with an adverse situ-
ation may lead to the appearance of injury or disease, and consequently
to pain and suffering.

1.2 The Five Freedoms

In accordance with the Five Freedoms principle, an animal’s welfare is
ensured when the following five conditions are met (FAWC, 1979, 1993):

e The animal is free from hunger, thirst, and malnutrition, because it
has ready access to drinking water and a suitable diet.

e The animal is free from physical and thermal discomfort, because
it has access to shelter from the elements and a comfortable resting
area.

e The animal is free from pain, injury, and disease, thanks to suitable
prevention and/or rapid diagnosis and treatment.

e The animal is able to express most of its normal behavioural pat-
terns, because it has sufficient space, proper facilities, and the
company of other animals of its kind.

e The animal does not experience fear or distress, because the condi-
tions needed to prevent mental suffering have been ensured.

The Five Freedoms principle offers a very useful and practical approach
to the study of animal welfare, and especially to its assessment on live-
stock farms and during the transport and slaughter of farm animals. Tt
provides a checklist by which to assess the strengths and weaknesses
of husbandry systems. It has, moreover, served as the basis for many
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animal-protection laws in the European Union and other parts of the
world. However, despite its clear usefulness, it has two shortcomings.
First, it is sometimes too generic. Second, there is a degree of overlap
between some of the Five Freedoms. To remedy these problems, slightly
different approaches based on the same concepts have been proposed.
Of particular note is the Welfare Quality® project’s proposal for assessing
animal welfare (www.welfarequality.net). The Welfare Quality® project
was a 5-year European Union research project launched in May 2004
and involving more than 40 scientific institutions from 15 different
countries. One of its objectives was to develop European standards for
animal welfare assessment. Unlike other protocols, which mainly use
environment-based parameters, the protocols of the Welfare Quality®
project are primarily founded on animal-based measures.

1.3 Beyond the Five Freedoms

The Five Domains Model goes beyond the Five Freedoms by giving
more importance to positive emotions and their impact on the overall
welfare state of the animal. This model incorporates four main domains
related to the biological and physical functioning of the animal (nutri-
tion, environment, health, and behaviour) and a fifth domain related
to affective/mental experiences. Each one of these domains can be
negatively or positively affected. The model takes a predominantly
physiological perspective, and is structured to initially assess particular
physical or functional disruptions and imbalances, as well as restrictions
on the expression of important behaviours. It then identifies the likely
specific negative effects resulting from each disruption, imbalance, or
behavioural restriction. The overall affective outcome in the ‘mental’
domain represents the overall welfare status of the animal (Table 1.1).

To improve the welfare of animals, it is necessary, overall, to minimize
their negative experiences and, at the same time, to provide the animals
with opportunities to have positive experiences. Barren, isolated condi-
tions, and unpredictable or threatening situations should be avoided and


http://www.welfarequality.net

Table 1.1 The Five Domains Model (adapted from Mellor, 20186).

Nutrition Environment

- + - +

Restricted Good quality and  Discomfort Physical
water and  quantity of food environment
food and water comfortable

Mental affective state

Health Behaviour

- + - +

Diseases  Healthy Restrictions Expression
and of important of important
injuries behaviours behaviours

1
+ ‘

Thirst and hunger

Cold or overheating

Pain and sickness

Frustration

Boredom, loneliness

Anxiety, fear, panic, exhaustion

Drinking and taste pleasures, satiety
Physical comfort

Health and fitness

Rewarding experiences
Goal-directed motivations

Calm and in control

Positive social behaviour

Maternal behaviour

Sexual behaviour

Play

Note: -, negative factors; +, positive factors.
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replaced by stimulus-rich and safe environments that provide opportu-
nities for the animals to engage in behaviours they find rewarding.

Attitudes and good management are key features to
improve animal welfare

The quality of stockpersons is fundamental to ensure proper welfare of the
animals they manage. Under intensive conditions, stockpeople have com-
plete control over food and water availability and quality, as well as other
resources such as space, comfortable resting places, social groupings,
and environmental complexity. Animal-care personnel should anticipate
problems, identify when a problem has occurred, and apply solutions as
soon as possible. The decisions and behaviours of the persons working
with animals have the potential to both compromise and enhance ani-
mal welfare. Clearly, the stockperson's personality, attitudes, knowledge,
skills, training, and experience with the animals are key elements to
positively improve animal welfare. Broader issues such as job motivation
and satisfaction, working conditions, and external technical support are
important components that will facilitate proper management.
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CHAPTER 2

How can animal
welfare be
assessed?

Welfare is multidimensional and it cannot be measured directly and by a
single measure. Rather, animal welfare science is multidisciplinary and
makes use of a great variety of parameters. These parameters can be
categorized into two main types: environment-based and animal-based

measures.

2.1 Environment-based and animal-based
measures

It is possible to assess the welfare of animals by looking at their environ-
ment. Resource- and management-based measures (inputs) can indicate
whether the environment is acceptable for the animals. Resource-based
measures include, for example, the dimensions of the feeding area, the
number of drinking places, the dimensions of the resting area (e.g.
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cubicle), and the quality of the resting area. The feeding management
of calves (the quantity and type of milk, method of milk provision,
and number of meals per day) is an example of a management-based
measure. These indirect measures of welfare are based on assumptions
concerning the relationships between aspects of the environment and
the actual welfare state of the animals. Environment-based factors are
fundamental for the provision of advice concerning the prevention of
a welfare problem and for the detection of a risk of deficient welfare.
Information on the risk of welfare problems is particularly important to
detect problems that occur rarely.

Instead of measuring the provision of good husbandry, welfare can be
measured by observing the animal directly. Animal-based measures
(outcomes) indicate the effect of the indirect, environment-based mea-
sures and their interactions with the animal. Since welfare is a condition
of the animal, animal-based measures are likely to provide the most
direct information on its welfare state. Therefore, they are generally con-
sidered to be more valid measures of welfare than environment-based
measures, and they should be applicable across production systems.
Animal-based measures involve both animal observations and the use
of farm records of the animals and fall into five main categories: perfor-
mance, health, physiology, behaviour, and post-mortem measurements
(Figure 2.1).

‘Animal-based measures are considered more valid than environment-
based measures for the assessment of animal welfare!

Environment- and animal-based measures present both advantages and
disadvantages. Consequently, the combination of both types of param-
eters gives the most valid and complete assessment of animal welfare
and enables one not only to assess the current welfare state of the ani-
mals but also to evaluate potential risks to their welfare.



Characteristics of
the cow (genetics,
health, production,
temperament, etc.)

Management
(e.g. bed maintenance)

Figure 2.1 Example of environment-based and animal-based measures related to
cow comfort around resting. Cubicle size and maintenance of the bed (inputs) are
risk factors that contribute to the cleanliness of the cows, and to the presence of
hair patches, lesions and swellings of the hock (outcomes). Hock swelling
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2.1.1 The Welfare Quality® protocols

The Welfare Quality® (WQ) protocols (www.welfarequality.net) can be
considered as a reference method for the overall assessment of animal
welfare. The WQ protocol for dairy cattle provides a tool to assess animal
welfare in a standardized way.

According to WQ, animal welfare assessments must take the following
four questions into account.

e Are the animals properly fed?

e Are the animals properly housed?

e Are the animals healthy?

e Does the behaviour of the animals reflect optimal emotional states?

The last of these questions may be the most innovative and controversial
aspect. In brief, it refers to the fact that animals should not experience
fear, pain, frustration, or any other negative emotional state, at least
chronically or in a very intense way.

The four questions give rise to a set of 12 criteria on which any welfare
assessment system should be based. For each of these criteria, sev-
eral measures were selected. Most of these measures are based on the
direct observation of the animal (i.e. they are animal-based measures)
(Table 2.1).

Parallel to the WQ, there are other systems of welfare assessment
based on measurements of animals. For example, the Bristol Welfare
Assurance Programme (BWAP) contributed to the development of
Advancing Animal Welfare Assurance (Assurewel; www.assurewel.org/
dairycows.html). CowSignals® (www.cowsignals.com) has been devel-
oped by a team of dairy experts in The Netherlands and is an illustrated
guide for farmers and veterinarians on how to interpret the behaviour,
posture, and physical characteristics of cows.


http://www.welfarequality.net
http://www.assurewel.org
http://www.cowsignals.com
http://www.assurewel.org
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Table 2.1 Summary of the principles, criteria, and measures of the Welfare
Quality® protocol for dairy cows.
Principles Criteria Measures
Good feeding Absence of prolonged hunger Body condition score

Absence of prolonged thirst Water supply

Good Comfort around resting Behaviours around resting,
housing cleanliness of the body
Thermal comfort As yet, no measure has been
developed (panting is under
revision)
Ease of movement Presence of tethering

Access to outdoor loafing area

Good health  Absence of injuries Lameness, integument
alterations
Absence of disease Respiratory, enteric,

reproductive disorders
Mortality, dystocia, downer
cows

Absence of pain induced by Dehorning (procedure and
management procedures protocol for anaesthesia and
analgesia)
Tail docking (performed or not)

Appropriate  Expression of social Agonistic behaviours
behaviour behaviours
Expression of other Access to pasture
behaviours
Good human-animal Avoidance distance at feeding
relationship place
Positive emotional state Quialitative Behaviour

Assessment
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2.2 Performance measures

The accumulation of all attempts to cope with several challenging situ-
ations will ultimately affect the animal, and thus its performance. It is
worth noting that good performance is not a guarantee of optimized
welfare. An examination of performance records can give a first general
approximation of the welfare state of the animals on a farm. Performance
parameters give an overview of the problems that a herd may experi-
ence over time. For example, a high culling rate (uncontrolled culling)
can indicate that cows are suffering from several undesirable diseases
or injuries that ultimately hasten their death. Similarly, the mortality
rate of dairy calves reflects the number of animals becoming so sick
that they die before slaughter. If two animal husbandry systems are
compared and the mortality rate is significantly higher in the first than
in the second system, then we can say that animal welfare is poorer in
the first system. Poor reproductive performance in cows can be linked
to stress situations as well as many other factors that are not directly
related to welfare (e.g. oestrus detection, timing of insemination, storage
of semen). The main limitation of performance measures is their lack
of specificity, which makes them difficult to interpret. However, Table
2.2 proposes a list of performance parameters to take into consideration
when assessing the welfare of dairy cows.

Table 2.2 Performance parameters and treatment records that can be used by
farmers and veterinarians as key indicators of welfare in dairy cows.

Average daily milk production per cow (I/day/cow)
Average milk protein content (%)

Average milk fat content (%)

Average number of lactations per cow

Average lactation length (days)

Average calving-to-conception interval (days)

Average length of dry period (days)
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Percentage of herd pregnant by 150 days in milk (%)
Average number of inseminations per pregnancy

Number of eligible cows not inseminated at first-service insemination
deadline

Proportion of pregnant cows (%)

Conception rate by service and according to lactation number
Average age of cows at first delivery

Abortions and stillbirths (%)

Dystocia (%)

Caesarean section rate (%)

Average age of cows

Proportion of culled cows (%)

Proportion of voluntarily culled cows (%)

Proportion of involuntarily culled cows (%)

Proportion of ‘downer’ cows (euthanized on farm) (%)

2.3 Health measures

Health is a very important part of animal welfare and must be prop-
erly considered when assessing welfare. In fact, health problems are
among the most severe welfare problems for farm animals. Diseases
and injuries produce pain and discomfort and can also interfere with the
expression of normal patterns of behaviours such as drinking, feeding,
and resting. Additionally, the presence of some diseases provides rele-
vant information on the overall quality of the environment in which the
animal lives, and this is particularly true for the so-called multifactorial
diseases. Some diseases are caused by a well-defined primary pathologi-
cal agent that plays the most important role, by far, in the incidence
and severity of the disease. Bovine viral diarrhoea-mucosal disease
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(BVD-MD) and infectious bovine rhinotracheitis (IBR) are examples of
such diseases. In contrast, other types of diseases (i.e. multifactorial dis-
eases) are highly dependent on the environment. The impact of these
diseases largely depends on a combination of several management,
housing, and hygienic conditions on the farm. For such multifactorial
diseases, roughly speaking, the presence of a causative agent is a neces-
sary but not sufficient cause for disease. The animal’s stress response
and the associated immunosuppression resulting from difficulties in
coping with the environment have been shown to increase the inci-
dence of these diseases. Examples of common multifactorial diseases in
dairy cattle are mastitis, bovine respiratory disease complex, diarrhoea
in calves and lameness. As multifactorial diseases and injuries are con-
sidered to reflect the overall quality of the environment of the animals,
they should be carefully considered within a health assessment system.

2.4 Physiological measures

When an animal tries to cope or fails to cope with several challenges,
this induces changes in its physiological parameters (Table 2.3).

Activation of the sympathetic nervous system following a stressful
stimulus in an animal may be measured directly by the concentrations
of certain hormones (e.g. the catecholamines adrenaline (epinephrine)
and noradrenaline (norepinephrine)) or indirectly by the respiratory
rhythm, heart rate and its variability, the diameter of the pupil, blood
pressure, body temperature, or the plasma concentration of energy
metabolites (e.g. lactate, glucose, fatty acids). The sympathetic system
is very sensitive to stimuli that are perceived as a threat, and response
times are generally short. This system is activated by painful stimuli and
also by other stressors such as handling or changes in the environment.

Hypothalamic-pituitary-adrenal (HPA) axis activity, which regu-
lates the release of the glucocorticoid hormone cortisol, has been widely
used as an indicator of stress. The release of glucocorticoids can be
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Table 2.3 Main biomarkers used to quantify stress and welfare in dairy cattle.

Endocrine measures

Cortisol Hypothalamic—pituitary—adrenal
Corticotropin-releasing hormone (CRH) Hypothalamic—pituitary—adrenal
Adrenocorticotropic hormone (ACTH) Hypothalamic—pituitary—adrenal
Adrenaline and noradrenaline Sympathetic adrenal medullary
Vasopressin Antidiuretic hormone
B-endorphins Opioid neuropeptide

Biochemical markers

Non-esterified fatty acids
B-hydroxybutyrate

Acute phase proteins
Urea

Glucose

Creatine kinase

Lactate

Lactate dehydrogenase

monitored non-invasively via the measurement of metabolites excreted
in urine and faeces, and in saliva and hair. Chronic fear linked to a poor
human-animal relationship, painful husbandry practices such as dehorn-
ing, or social stress due to competition at the feeding place are examples
of challenges that have been associated with an increase in HPA activ-
ity. However, how chronic stress affects the activity of the HPA axis still
remains unclear. There are still some disagreements among the scientific
community on how housing methods affect the levels of glucocorticoids.

The quantification of acute phase proteins (APPs) has been used
to monitor inflammatory processes in farm animals. It has recently
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been recognized that animal APP concentrations are useful not only
for monitoring inflammatory processes but also for assessing various
non-inflammatory conditions, such as pregnancy, parturition, meta-
bolic diseases, and stress. The level of APPs in the plasma has been
demonstrated to be useful in the assessment of animal welfare. APP
concentrations have been used, for example, to identify the presence
of diseases, lesions, and stress linked to long periods of transport or to
rearing conditions.

Physiological indicators can be particularly useful in prey species, such
as cattle, that are considered stoic and are unlikely to show pronounced
behavioural responses until injuries or diseases are severe. Nevertheless,
before considering physiological parameters in a welfare assessment, it
is important to be aware of some of their limitations. First, physiological
changes are difficult to interpret and are not always associated with poor
welfare. Similar changes in physiological responses can occur in situa-
tions of opposite affective states. Cortisol levels, for example, may rise
both in fear-inducing situations and in response to sexual activity. Second,
there is usually an important variability between individuals and some
parameters may exhibit a circadian pattern. Physiological parameters
are also limited in terms of their feasibility. Finally, sample collection
for measurement of these parameters usually requires methods that are
more or less invasive, as well as special equipment. It must also be con-
sidered that the stress caused to the animals during handling for sample
collection may reduce the validity of the data.

2.5 Behavioural measures

Behaviour can be a sensitive indicator of the animal’s perception of
its environment. Variations in behavioural patterns often represent the
first level of response of an animal to an averse or stressful environ-
ment. When an animal is confronted by environmental challenges, it
may react in one or more of the following ways, all of which are indica-
tors of impaired welfare.
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* Changes in the frequency or timing of normal behaviours. For
example, changes in activity levels or a decrease in social behav-
iours and time spent feeding may indicate an underlying pathology.

° Problem-specific behavioural changes. For example, animals
adopt pain-specific behaviours to avoid stimulating a painful body
area.

e Expression of abnormal behaviours, such as redirected behav-
iours or stereotypes.

Behaviours associated with physical suffering clearly indicate poor wel-
fare. Behaviour is commonly used in the clinical assessment of health
and is also considered as the most commonly used parameter to assess
pain. The detection of behavioural changes is particularly important
both in the diagnosis of a subclinical problem and thereafter in the pre-
vention and control of disease. Behavioural indicators of pain represent
a practical way to assess welfare. When a cow is suffering, it generally
stands with the neckline, head, and ears in a low position, the back
arched, and the tail held close against the hindquarters.

‘Behavioural measures are considered the most valid and specific param-
eters when studying pain in animals’

Vocalizations can also be used to identify pain. It has been shown that
changes in their frequency and intensity can indicate a painful situa-
tion. Reluctance to move and a lack of normal social behaviour can be
signs of pain related to diseases or injuries. For example, dairy cows
reduce their locomotor activity by 70-90% when suffering from visceral
pain. Accelerometers, such as pedometers, can be very useful to detect
animals with an underlying pathology. Several scales to identify and
qualitatively measure pain have been developed and can be practical to
use under commercial conditions. The Sprecher lameness-scoring sys-
tem (Sprecher et al., 1997) and the WQ scoring system for integument
alterations are two examples of practical scales. Recently, a Cow Pain
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Scale (Gleerup et al., 2015; Gleerup, 2017) that includes several selected
behavioural variables, such as attention towards the surroundings, head
position, ear position, facial expressions, response to approach, and
back position, has been proposed as a means to identify cows that are
in pain.

In addition to pain-related behaviours, other changes in the duration
and frequency of normal behaviours are recognized as indicators of
mental suffering (e.g. frustration). Possible signs of stress include star-
tle or defence responses, avoidance, suppression of feeding and sexual
behaviour, excessive aggression, stereotypic behaviour, lack of respon-
siveness or apathy, decreased complexity of behaviour, and the time
required to restart normal activity after experiencing a stressor.

Preventing an animal from carrying out a certain type of behaviour
in a given situation might cause signs of suffering. Redirected sucking
behaviour in dairy calves linked to a lack of normal sucking behaviour
is clearly an abnormal behaviour that may lead to pain. It should be
accepted, then, that sucking behaviour in calves is a very important
behaviour (i.e. a ‘behavioural need’) and that assessment of the fre-
quency of redirected sucking behaviour in calves and the quality of
feeding management of calves can be used as indicators of welfare.
The inability to display certain important behaviours can also manifest
itself in the appearance of stereotypic behaviours. An animal perform-
ing a stereotypic behaviour repeats a relatively invariant sequence of
actions, which has no obvious function. Tongue-rolling is an example
of a stereotypic behaviour shown by cattle.
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Precision livestock farming

Precision livestock farming (PLF) technology has great potential to moni-
tor behavioural parameters or indicators of animal welfare. Technological
and biotechnological innovations in automated health diagnostics are
being developed and represent a huge step forward in health monitor-
ing. Biosensors have been developed to detect markers for ovulation,
pregnancy, milk lactose concentration, mastitis, and metabolic changes.
Wireless telemetry has been applied to develop boluses for monitoring the
rumen pH and body temperature to detect metabolic disorders. Lameness
can be detected by walking cows through load cells that measure weight
distribution, and also by various types of video image analysis and speed
measurement. The prediction and detection of calving time is an area of
active research mostly focused on behavioural changes. Technological
developments are following two different lines: one is to load more sen-
sors onto the animal, particularly on to collars; the other approach, which
is inherently cheaper, particularly for large herds, is to have a single moni-
toring station close to or at the milking system, through which all cows
must pass.
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CHAPTER 3

Welfare issues
related to feeding

Dairy cows in intensive farming systems have shown substantially
improved milk yields in recent years. This has resulted from the diets
fed to cows having an increased nutrient density, which has been
primarily achieved by feeding more concentrates and less forages,
increasing the risk of ruminal acidosis. In addition, dairy cows in
confined systems are exposed to competition for resources, which
may result in some cows being undernourished. The welfare problems
associated with feeding practices, such as acidosis and undernutrition,
can also have notable consequences for productivity.

3.1 Factors regulating feeding behaviour

In ruminants, feeding is a predominant behaviour, and they spend a
large proportion of the day feeding (around 8 h a day). In cattle, feeding
occurs mostly around dawn and dusk. This time dedicated to feeding is
usually associated with the intake of large quantities of feed. Ruminants
need to eat a large amount of feed, as the efficiency of converting fibrous
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feed to nutrients is low. For example, a high-producing dairy cow can eat
more than 25 kg of dry matter in a day. In the rumen, the feed is fer-
mented by ruminal microbiota, which are able to digest fibre and make
nutrients digestible. In ruminants, feeding is followed by the process of
rumination, in which the rumen content is regurgitated to be chewed
again. The word ‘ruminant’ comes from the Latin ruminare, meaning
‘to chew over again’ This repeated chewing decreases the size of feed
particles and makes them more accessible to the ruminal microbiota.

Animals, including ruminants, regulate feeding through the antagonistic
motivations of appetite and satiety. Appetite refers to the subjective
desire to eat, which is usually driven by hunger. The most obvious con-
ditions that provoke hunger, and therefore stimulate eating, are energy
deficit and weight loss induced by feed deprivation. Hunger should thus
be considered as a necessary state to motivate eating, which, per se,
is not detrimental to animal welfare. However, if hunger persists, it is
converted into a negative subjective indicator of welfare as a result of
chronic undernourishment.

Social behaviour has a modulatory effect on feeding. One example is
social facilitation, in which an animal’s desire to eat is stimulated by the
presence of other animals eating. According to this process, when a cow
eats, it may stimulate other cows to eat as well, whether they are hungry
or not. By contrast, hierarchy and competition between cows mediates
feeding, as it determines the access of cows to feed. Hierarchy is present
in all herds and leads to a social structure with dominant cows (those
with a higher social rank, which access resources first) and subordinate
cows (those lower in the social ranking, which access resources last).
In situations of limited access to feed, dominant cows may restrict the
access of subordinate cows to the feeding place, leading to part of the
herd being undernourished.

‘Ruminal acidosis and undernutrition are the main welfare problems
related to feeding in dairy cattle, and can result in an important loss of
productivity.
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3.2 Health and welfare problems derived
from feeding

3.2.1 Chronic hunger and state of negative energy
balance

In dairy cattle, chronic hunger (which leads to an undernourished state)
is rare, as cows are usually provided with ad libitum feed throughout their
production lifetime. On rare occasions, chronic hunger can arise in barns
where either the feed is restricted or the dominant-subordinate relation-
ships prevent some cows from accessing the feed in a normal manner.
Chronic hunger is a negative emotional status that impairs the welfare of
cows. In other situations (e.g. around calving), even if unlimited access
to feed is provided, high-yielding dairy cows may enter a state of nega-
tive energy balance because the energy demand for maintenance and
lactation exceeds the energy intake from feed.

Concern about negative energy balance has been expressed in particular
in relation to high-yielding dairy cows fed exclusively with low-energy
diets such as grass and other forages. The state of negative energy bal-
ance leads to the mobilization of energy reserves (body fat) to be used
for maintenance and lactation. Cows experiencing this challenge are
sometimes said to be experiencing ‘metabolic’ hunger; this state results
in reduced fertility and milk production, both of which lead to reduced
profit.

3.2.2 Prevention of negative energy balance

A common practice to prevent negative energy balance is to increase the
energy content of the diet. This can be achieved by increasing the per-
centage of highly fermentable carbohydrates or by adding fat. However,
feeding cows with highly fermentable carbohydrate diets can increase
the concentration of lactic acid in the rumen, which is likely to result
in acidification (pH < 5.6) of the rumen. If this acidification persists for



28 Welfare issues related to feeding

long periods (>3 h/day), it leads to subacute ruminal acidosis (SARA).
SARA reduces feed intake and alters the rumen microbiota and rumen
digestion, which may increase the likelihood of development of diar-
rhoea, laminitis, and liver abscesses, to mention a few. As a result, SARA
reduces milk production and has a high economic impact.

As an alternative to carbohydrates, fat addition can be used to provide
an extra source of energy in the diet. In high-producing dairy cows, sup-
plementary fat may alleviate the negative energy balance that occurs
during early lactation and, consequently, improve fertility and milk
yield. The addition of dietary fat soon after calving may also reduce the
risk of ketosis and steatosis before peak lactation.

Chronic thirst

Permanent access to fresh and clean water is essential for cows in milk,
as a notable quantity of water is secreted in milk. Cows may consume
30-50% of their daily water intake within 1 h after milking. Reported rates
of water intake vary from 3 to 15 I/min. Water requirements may depend on
several factors, of which physiological status (pregnancy, milk production)
and environmental temperature are the most notable. A high-producing
dairy cow can drink up to three times the volume of its production in milk.
This means that a cow producing 40 litres of milk may drink up to 120
litres of water a day. These requirements can be even higher in the event
of heat stress (THI >75; see section 4.2).

3.2.3 Obesity

However, if the addition of fat to the diet leads to excessive deposition
of'body fat (obesity), it can result, for example, in a fatty liver, impairing
animal health and welfare. After calving, the liver plays a key role in
making energy available for lactation. A fatty liver likely triggers clinical
ketosis, thus reducing the availability of energy for normal functioning
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in a period of high energy demand. Furthermore, fat deposition through-
out the body increases the cow’s body condition score (BCS); if a certain
threshold BCS is exceeded at calving, this can compromise the health of
the cow as well as the survival of the calf. A BCS above 3.5 (out of 5) at
calving, compared with a BCS of 3, is associated with a reduction in early
lactation, dry matter intake, an increase in metabolic disorders, and a
greater risk of mastitis, ketosis, and milk fever after calving.

3.3 Impact of feeding behaviour on animal
welfare and productivity

Production and efficiency are affected by the amount of feed eaten but
also by the way the feed is consumed (Figure 3.1). Among the main
aspects related to feeding that affect productivity are feed quantity and
quality and feeding behaviour. The nutritional requirements of a cow
are highly dependent on the level of milk production. For instance, in a
high-producing dairy cow, the nutritional requirements are likely to be
high, and the feed should be able to provide sufficient amounts of the
necessary nutrients (proteins, carbohydrates, vitamins, etc.) to fulfil the
animal’s demands. In essence, both the quantity and the quality of feed
should be tailored to the nutritional requirements of the cow.

In addition to providing enough nutrients to the cow in the feed, suitable
nutrition is also determined by the way the feed is consumed. The
way cows eat, or their feeding behaviour, can be notably affected by their
social behaviour and health status. For instance, hierarchy plays a key
role in the access of each animal to resources that are limited (such as
feed), as mentioned in section 3.1. Painful conditions such as lameness
may reduce the capacity of cows to move, including movements to the
feeder, and therefore affect the way they eat. Changes in feeding behav-
iour have an impact on milk production. Furthermore, the correlation
between milk production (kg/day) and feeding behaviour (time spent
eating) is stronger than the relationship between milk production and
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Figure 3.1 Reciprocal effects of feeding behaviour and animal welfare that ulti-
mately influence productivity and profitability (adapted, with permission, from
Llonch et al., 2018).

feed intake. Feeding behaviour can affect productivity in various ways.
First, an increase in the time spent eating facilitates chewing, which
reduces feed particle size and increases digestibility. Second, a longer
feeding time increases the production of saliva, which acts as a buffer
over the surface of the rumen, decreasing acidity. Sorting behaviour (see
section 3.5) has also been identified to potentially impact productivity.
Dairy cows receiving a mixed ration typically select in favour of short
and fine particles of feed and against longer pieces of forage. This pattern
may result in an imbalanced nutrient intake in relation to the formulated
diet, resulting in negative consequences for efficiency and production.
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In addition to feed intake and feeding behaviour, rumination is also
a key trait for proper digestive functioning in cattle. Rumination aims
to make feed (especially forage) more accessible for microorganisms
that facilitate the fermentation of fibre and increase its digestibility.
Rumination time also has an impact on milk production, probably as a
result of the positive association between rumination and the time cows
spend lying down. Rumination time is positively correlated with milk
production during the first weeks of lactation.

3.4 Feeding behaviour indicators

Feeding is associated with the metabolic and health status of cows;
for this reason, feeding behaviour has been used as a proxy for animal
fitness. One of the first signs that can be identified in unfit animals
is that they change their feeding pattern. This change is not only
about the quantity of feed they ingest but also about how they
eat. For instance, the average duration of meals can predict changes in
rumination during ruminal acidosis. Therefore, feed intake and feeding
behaviour can provide key information about the welfare status of a
cow. Whereas feed intake considers the quantity of feed ingested dur-
ing meals, usually through the dry portion of feed, feeding behaviour
describes the temporal distribution of feed intake. Measurements com-
monly used to describe feeding behaviour include the frequency and
duration of meals. However, feeding behaviour can also be assessed
using a variety of additional variables. In confined animals, the variables
that are commonly used to monitor feeding include:

e the quantity of dry matter intake (DMI; kg/day)
e average intake per visit to the feeder (kg/visit)
e number of visits to the feeder (visits/day)

e time spent at the feeder (min/day)

e average time per visit to the feeder (min/visit)
e feeding rate (g/min).
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These measures may not be applicable for the assessment of feeding in
cattle at pasture. For animals at pasture, the reference variable to assess
feeding is the estimated DMI, which can be calculated on the basis of
time spent grazing, the biting rate, and the bite size, using the following
equation.

Pasture DMI = grazing time X biting rate x bite size

3.5 Sorting behaviour

Another measure that can be used to describe the feeding behaviour of
cows is sorting behaviour. Dairy cattle selectively consume (sort for) the
shorter, concentrated particles in their total mixed ration, while selec-
tively refusing (sort against) the longer forage particles. This behaviour
can be assessed by comparing the proportions and weight of constitu-
ents of the diet offered and the orts (the feed left uneaten). Smaller
particles, such as concentrate or pellets, can be consumed at a higher
rate than longer particles, such as long, fibrous forages. The impor-
tance of sorting behaviour lies in its association with digestion efficiency
and production. Smaller particles are more accessible to the ruminal
microflora and are readily digestible, which increases the risk of cattle
developing ruminal acidosis.

In recent years, numerous tools, such as pedometers or electronic col-
lars, have been developed to automatically monitor behaviour in cows.
Accelerometers are used to monitor the movements of cows to estimate
their activity and feeding behaviour. An alternative to accelerometers
is the jaw movement’ recorder (IGER Behaviour Recorder), which
can be used to monitor feeding behaviour in grazing cattle through a
time-stamped record of bites and chews.

Tmportant aspects to safeguard welfare in dairy cows include freedom
from hunger and thirst!



Welfare issues related to feeding 33

3.6 Recommendations

3.6.1 Access to water

Cows must be provided with free access to clean, fresh water. The length
of water troughs should be 6 cm per cow (10 cm per cow under heat-
stress conditions) and their optimal height is 70-80 cm. At least two
drinkers are needed for each group of cows. Drinkers should be situated
in locations where cows have more motivation to drink, for example,
where they exit the milking parlour. Water flow should not be less than
12 1/min, especially in drinker bowls and in latitudes where heat stress
is likely (Figure 3.2).

The temperature of drinking water can have an effect on cows’ water
intake (Figure 3.3). Given a choice of water temperature, cows prefer to
drink water at a moderate temperature (approximately 15-25°C) rather
than very cold or warm water. In cold conditions, water intake can be
severely decreased, consequently reducing milk production.

(b)

Figure 3.2 Cleanliness of drinkers: (a) drinker and water clean; (b) drinker dirty,
but water fresh and clean; (c) drinker and water dirty.
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Figure 3.3 On hot summer days, cows will not drink from drinkers located in
direct sunlight, as the temperature of the water quickly increases.
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3.6.2 Access to feed

Feeding should guarantee that animals receive all nutrients to meet
their demand. This entails not only providing enough feed but also that
the nutritional quality of the diet matches the animals’ requirements.
In cases where the energy need is higher than the nutrient intake, the
diet should be supplemented with a higher proportion of starch or fat,
or both.

A feeding space of at least 60 cm per dairy cow is recommended,
whereas for dry cows more space (0.75-0.80 m) should be provided.
Besides space availability, the design of the feed bunk can also influence
dominance behaviour, and it should guarantee that all animals can have
access to feed at the same time. If headlocks are present, there should
be as many as the number of cows in the barn. In addition, to avoid
competition for access to feed, the feeding management can stimulate
feeding at multiple times through the day by, for instance, regularly
bringing the feed closer to the cows.

To prevent ruminal acidosis, rations must contain at a minimum ~30%
of neutral detergent fibre and have a food particle size no smaller than
~ 2.8 mm. Slow-degradation cereals such as corn and sorghum should be
used to minimize the risk of ruminal acidosis. The change of forage to
concentrate in the diet should be carried out gradually over a period of
at least 15 days. Ruminal acidosis can also be mitigated by using dietary
strategies such as the inclusion of additives with a buffer capacity and
antioxidants.
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CHAPTER 4

Welfare issues
related to housing

Welfare issues related to the housing of dairy cattle take into consider-
ation the animals’ comfort around resting and their thermal comfort.
Comfort around resting focuses on lying behaviour, which is a high-
priority behaviour for dairy cows. Housing has a substantial effect on
lying behaviour, which in turn impacts the health and performance of
dairy cattle. Each housing system has its own advantages and disadvan-
tages in terms of animal welfare. Thermal comfort, which focuses on
heat stress, is one of the greatest challenges faced by dairy farmers in
many regions of the world. High temperatures depress the feed intake,
milk production, and reproductive performance of cows.

4.1 Lying behaviour

4.1.1 Importance of lying behaviour

Dairy cows are highly motivated to lie down for approximately 10-12 h/
day. Lying is a high-priority behaviour, and is prioritized even higher
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than eating and social contact when opportunities to perform these
behaviours are restricted. Having enough time for lying is important,
as inadequate lying time can affect both the production and welfare of
dairy cows. A cow that is lying is more likely to ruminate and produce
saliva than a standing cow, thus reducing its risk of ruminal acidosis.
A lying cow also has a higher rate of blood diffusion through the udder
(~51/min) compared with a standing animal (~ 3 1/min). This improves
udder function and milk production. When a cow spends too much
time standing, the pressure inside the claw capsule increases, result-
ing in hypoxia (restricted oxygen supply) and ischaemia (restricted
blood flow), and thus increasing the risk of lameness. Furthermore,
competition for a comfortable resting place can trigger social conflicts
among cows, increasing the likelihood of chronic stress reactions, which
predispose herds to diseases and reproductive problems.

‘Ensuring adequate resting behaviour positively affects both production
and welfare in dairy cows’

Several behavioural indicators are used to evaluate cows’ comfort around
resting, such as the time spent lying down, the frequency of bouts of
lying, and the duration of individual bouts. Cows on comfortable flooring
lie down for longer overall but the duration of each lying bout is shorter,
meaning that the cows stand up more frequently and remain standing
for shorter periods of time. Cows prefer to remain standing rather than
experience the pain associated with a lying or rising movement when
they are housed on rough resting surfaces. Two additional behavioural
indicators that may suggest discomfort around resting are the number
of cows lying partially or totally out of the resting area (Figure 4.1) and
an increase in the number of cows ‘perching’ (Figure 4.2).
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Figure 4.1 Cow lying in the passageway, which is totally out of the rest-
ing area.

Figure 4.2 Perching behaviour: a cow is standing with the two front feet
in the stall and the two hind feet in the corridor.
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Sleep is important for cows too

Adult cattle sleep for about 4 h/day, mainly during the night. Sleep, espe-
cially REM (rapid eye movement) sleep, occurs most often when the cow is
resting with the neck relaxed and with the head resting on the flank (Figure
4.3). Cows that are well adapted to their surroundings rarely engage in
sleep while standing. A decrease in lying time reduces the possibility for
the cows to rest and sleep. A reduction in lying time due to poor housing is
likely to have a more severe effect on animal welfare if it reduces the time
spent sleeping. Lack of sleep can alter the endocrine system, increase
energy expenditure, and impair the immune function.

POSE

Figure 4.3 Dairy cow in a lying posture, which is often associated with sleep.
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4.1.2 Main welfare problems related to housing

Housing has a substantial impact on the lying behaviour, overall health,
and performance of dairy cattle. There is no single best housing system
for lactating cows in terms of animal welfare, and the animals’ man-
agement has a big impact and probably makes the difference. Loose
housing of cows in stalls is the most common type of housing used in
intensive dairy farming. Stalls can vary in terms of their design, type
of bedding, and floor quality. The dimensions of stalls are not always
adjusted to the body size of the cows. Inappropriate stall dimensions
lead to an increase in the number of cows perching inside the stall and
lying outside the lying area. Uncomfortable stalls reduce the cows’ lying
time due to their inability to adopt certain resting postures. This will
alter their sleep patterns and thereby have a negative impact on their
performance (Figure 4.4). Lying down and rising movements are easier
for the cows when the stalls are correctly designed and provide a soft
bedding area. Soft flooring reduces the incidence of swelling of the front
knees, which occurs because cows place weight on their front knees
when they get up and lie down. The hardness of the lying surface and
the use of concrete, abrasive, and slippery flooring increase the risk of
injuries and lameness.

Loose housing systems with deep bedding, including straw or compost,
are increasing in popularity in Europe (Figure 4.5). Dairy cows have a
clear preference for standing and lying in a straw-yard system than in
a stall system, and the longest durations of lying time are reported on
deep-bedded systems. Behavioural indicators related to resting suggest
that cows are more comfortable in bedded pack barns than in stalls.
The incidence of injuries to both the front and hind legs is also reduced
in deep-litter systems. However, deep-litter systems require intensive
labour and have higher costs related to the bedding material. If they
are not correctly managed, deep-litter systems can trigger problems
related to the hygiene of the animals. Cows housed in deep-bedding
systems tend to be dirtier, increasing the risk of mastitis. Cows avoid
manure-covered floors in preference for floors that are dry, wet or
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Figure 4.4 (Top) The head and body of a cow are thrust forward 0.6-0.7 m
while the cow is lying down or rising. (Bottom) A poorly designed cubicle (with-
out a lunge zone) does not permit normal lying down and rising behaviour, and
reduces comfort at resting.
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consist of earth. Good hygiene is essential to reduce the incidence of
infectious diseases, such as mastitis, in these systems. Moreover, exces-
sive manure on the floor softens the hooves, which are then more prone
to mechanical damage. The interdigital skin becomes softer because of
the accumulated manure, which exposes the deeper tissues to micro-
organisms and predisposes these areas to infectious diseases. The quality
of the bedding area and its management are very important to prevent
diseases related to environmental pathogens.

Figure 4.5 Compost bedding pack barn.
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4.2 Thermal stress

4.2.1 Economic impact of heat stress

Heat stress is a major factor that reduces milk production in dairy cows.
Up to 10% of the variability in milk production has been attributed to
the effect of climatic factors such as temperature. The decrease in milk
production under heat-stress situations is directly linked to a reduction
in feed intake, while the energy needs of the animal increase. In addi-
tion, heat stress reduces the protein and fat contents in the milk, inhibits
rumination, and causes immunosuppression, thereby increasing the
incidence of some diseases. Finally, heat stress decreases reproductive
performance by reducing the synthesis and release of luteinizing hor-
mone (LH) and gonadotropin-releasing hormone (GnRH), both of which
are essential for ovulation and the expression of oestrous behaviour. All
of these effects of heat stress impact not only the welfare of cows but
also their productivity, which is directly associated with the economic
return for the farmer.

4.2.2 What does thermal stress mean?

The feeling of warmth, the so-called effective temperature, depends on
the ambient temperature and also on other environmental variables. It
results from the interaction of several factors, especially temperature,
relative humidity, ventilation, and solar radiation. The temperature and
humidity index (THI) is often used in dairy cows to estimate the effective
temperature based, as the name suggests, upon ambient temperature
and relative humidity records. Traditionally, it has been considered that
when the THI exceeds a value of 72 (e.g. 25°C temperature and 50%
humidity), cows begin to suffer heat stress. However, recent studies sug-
gest that some cows, especially highly productive ones, are negatively
affected by THI values as low as 68. In any case, the combination of high
ambient temperature and high relative humidity is always problematic.
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‘Milk yield declines by 0.2 kg per cow and day per each unit increase of
THI when this index exceeds 72!

Thermal stress in dairy cows varies according to many variables, includ-
ing their breed, milk production level, the quantity and quality of their
feed, their health status, and their level of hydration, which can inten-
sify the effects of high temperatures. For example, a high-producing
cow (>30 kg of milk/day) generates 48% more heat than a dry cow, and
therefore is at a higher risk of suffering heat stress. Cows at the begin-
ning of lactation are also more likely to suffer heat stress. The dramatic
increase in heat production by these animals is due to increases in both
milk production and feed ingestion.

4.2.3 How does heat stress affect high yield dairy
cows?

Dairy cows have different physiological and behavioural mechanisms
to adapt to hot environments. Physiological mechanisms include an
increase in the respiratory rate and panting, and, to a lower extent,
sweating. At the hormonal level, thermal stress activates the stress
response, with the consequent release of glucocorticoids. High levels of
glucocorticoids result in a decrease in both the ingestion of dry matter
and the efficiency of the conversion of feed into milk. In addition, high
levels of glucocorticoids compromise the function of the immune system
and therefore increase susceptibility to infectious diseases.

Under heat-stress conditions, dairy cows increase the time they spend
standing and decrease the time they spend resting. Standing allows
cows to maximize the body surface area in contact with air and so
increase heat dissipation. However, the alteration of resting behaviour
can have serious consequences for production and the appearance of
lameness.
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High temperatures are associated with a reduction in dry matter intake,
which is reflected in a considerable reduction in the cows’ body condition.

Dairy cows show signs of severe dehydration at water loss levels equiva-
lent to more than 10% of body weight. Water consumption increases
more than 1 litre for every 1°C increase in ambient temperature.
Hyperthermia (increase of body temperature) and dehydration have
been associated with an increase in neuromuscular fatigue and incoor-
dination of movement in animals. This means that in hot climates the
risk of injury due to trauma can increase.

4.2.4 Recommendations to reduce heat stress

The effect of heat stress on dairy production should be minimized by com-
bining the most cost-effective strategies that are feasible in terms of handling
and additional management. Strategies to tackle heat stress include the
provision of shade for the animals, optimization of water intake, the use of
water-spray systems and ventilation, and modifications of the diet.

It is essential that cows have access to clean, fresh drinking water. When
using long drinkers, it is recommended that the total length of the drink-
ing trough be equivalent to at least 6 cm per cow. Under heat-stress
conditions, it is recommended to increase this length to 10 cm per cow.
Ideally, there should be at least two drinkers per pen.

Heat dissipation mostly depends upon the evaporation of water from the
skin and upper airways. At ambient temperatures above 25°C, heat loss
by dissipation is markedly reduced. Therefore, maintaining productivity
in warm climates will mostly depend on improving heat dissipation by
modification of the environmental heat load (e.g. increasing ventilation)
and increasing heat loss from the surface of the animals.

It is estimated that digestion processes generate an increase of up to
20% of heat production from basal levels. Consequently, and as men-
tioned, one of the main effects of high temperatures is a reduction in
feed intake. Some feeding strategies to reduce thermal stress are:
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Cows should take several showers a day

The only way to guarantee a positive effect on productive and reproductive
indices is to maintain the body temperature of the cows below 39°C, 24 h/
day, by means of several daily showers. On very hot days, it is not enough
to cool the cows just before milking. One successfully implemented strat-
egy to mitigate heat stress and maintain milk production is to cool cows
with six daily ‘baths’ combining showers with ventilation. Showers take
place in the waiting room, not only at each of the two or three daily milk-
ings but also three more times per day, when the cows are brought into
the waiting room to be refreshed for 45 min.

increasing the supply of fat in the diet to increase its energy density
avoiding an excess of total and degradable protein contents
optimizing fibre digestibility, especially in high-energy diets
providing feed at sunrise and sunset.

Sensory additives in the ration — a practical case

In one experiment (Bargo et al., 2014), sensory additives were shown to
alleviate the adverse effects of heat stress in 570 milking cows at mid-
lactation (with an average milk production of 34.4 kg/day at 194 days of
lactation). Half of the cows were given a total mixed ration (TMR) with
sensory additives, while the other half continued to eat the routine TMR.
During a period of 5 weeks, in which the environmental temperature
ranged between 20.4°C and 38.9°C, production data were measured. The
cows that received the TMR with sensory additives produced 2 kg of milk/
day more than the cows that continued to receive their normal ration. The
consumption of dry matter was also higher in the cows that received the
sensory additives (+1.2 kg/day). Sensory additives can be a tool to mod-
ulate the feeding behaviour of high-producing cows under heat-stress
conditions by promoting a higher frequency of visits to the feeder and the
consumption of dry matter.
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CHAPTER b5

Welfare issues
related to health

Health is an important component of animal welfare and must be consid-
ered when assessing welfare. Disease and injuries may have a negative
effect on the emotional state of an animal (through the pain and distress
they cause) and may also interfere with its normal behaviour. Animals
must be protected from pain, injury, and disease by prevention, and
rapid diagnosis and treatment.

5.1 General aspects of health

If animals are healthy, it does not mean that other aspects of their welfare
are always satisfactory. However, animals that are cared for in accordance
with acceptable welfare standards are more likely to be healthy and, con-
versely, animals kept in poor welfare conditions are often at a greater
risk of disease. Improving health can improve growth, reproduction,
and productivity.
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‘Welfare is not synonymous with health. While good health is critical to
welfare, the concept of welfare is much broader and encompasses other
aspects as well’

Disease has several negative effects on animal welfare and behaviour.

5.

Pain and suffering. Some diseases cause the animal to experience
unpleasant sensory and/or emotional states, associated with actual
or potential tissue damage (e.g. lameness, mastitis, dystocia).
Sickness behaviour. When an animal becomes sick due to an
infection or injury, its immune system initiates strategic behav-
ioural changes in order to facilitate the conservation of energy.
Sickness behaviour is characterized by reduced feed intake, apa-
thy, weakness, and lethargy. Sickness behaviour is a well-organized
adaptive response of the animal to enhance its resistance against,
and recovery from, disease.

Diseased animals might also experience other negative emotional
states, such as fear (because of disorientation or reduced ability to
respond to perceived danger) and distress (e.g. hypoxia in diseases
that impair the supply of oxygen to the body).

Some diseases can cause discomfort (e.g. skin diseases such as mite
infestation) or prolonged immobility (e.g. lameness).

1.1 Identification of sick dairy cows

In recent years, the identification of sick dairy cows in an early state

of disease by observing the behaviour of individual cows has become

more and more important. The standard approach for this task is direct

visual observation, which traditionally serves as a diagnostic tool for

farmers and veterinarians. There are several patterns of sickness and/

or pain behaviour that occur in a wide variety of diseases (Table 5.1,

Figure 5.1).
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Table 5.1 Examples of sickness and/or pain behaviours in dairy cows
(adapted from Gleerup et al., 2015 and Dittrich et al., 2019).

Item Definition

Attention Quiet or depressed. The cow is not active, does not look at
the observer, and may move away from the observer

Head position At the level of or below the withers of the cow

Head activity The cow is not active and not ruminating

Ear position Both ears back or lower than usual. Asymmetrical ear
movements

Back position Slightly or completely arched

Piloerection Slightly or obviously erect hair coat

Feeding Reduced feed intake and feeding duration

Physical activity = Reduced or increased duration of lying and standing

Others Occasional or frequent tooth grinding, vocalization

Figure 5.1 lllustrations of the Cow Pain Face. (a) Relaxed cow. (b) Cow in
pain with low ears/lamb ears. (c) Cow in pain with ears tense and backwards.
(Reprinted from Applied Animal Behaviour Science, 171, Karina Bech Gleerup,
Pia Haubro Andersen, Lene Munksgaard, Bjorn Forkman, Pain evaluation in
dairy cattle, 25-32, Copyright (2015), with permission from Elsevier).
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5.1.2 Hospital pens

Sick or injured cows may have different behavioural priorities and needs
from those of healthy cows, and it is recommended to accommodate them
in special areas or hospital pens. These areas/pens must have the follow-
ing features and/or improvements compared with the home pens.

e Smaller group size and more space allowed.

 Low level of competition, with easier access to feed, water, and
resting areas.

e Shorter waiting time for milking: lactating sick cows should be
milked close to or inside the hospital pen.

e Softer surface and appropriate bedding.

e A shelter that is always accessible.

e Located so as to facilitate the observation, monitoring, and treat-
ment of the cows.

Up to now, there has not been a clear recommendation concerning
the use of individual or group hospital pens, or on an optimal stocking
density in hospital pens. Sick cows show isolation-seeking behaviour,
suggesting that they are more sensitive to regrouping than healthy cows.
Regrouping healthy cows with unfamiliar animals leads to increased
stress and aggression, as well as to reduced feed intake, rumination, and
lying time. However, the possible effects of limited or no social contact
on cows housed in individual pens are unknown.

It is recommended to move cows with ambulatory difficulties, with
conditions such as calving difficulties, injuries, severe lameness, milk
fever, or displaced abomasum, to hospital pens. However, for mild ill-
ness or injuries (e.g. metritis or moderate lameness), segregation from
the home pen may disrupt the social hierarchy of the cows or cause
additional stress to the affected animal.

Hospital pens should be occupied only by sick or injured cows. Avoid
using these pens for calving and/or dry cows. Mixing sick cows with
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healthy periparturient cows is not recommended due to the potential
for social stress, the risk of transmission of infection, and the different
behavioural needs of these groups of cows. For instance, restlessness
associated with calving is likely to disturb the convalescent behaviour
of sick cows.

If a sick animal that is showing signs of pain or discomfort does not
respond to treatment or has an incurable condition, it should be eutha-
nized as soon as possible, and if it cannot be moved or transported
without causing more suffering, it should be euthanized where it is.

5.2 Lameness

Lameness is characterized by an abnormal gait that normally results
from injury, disease, or dysfunction of one or more feet and/or limbs.
Lameness is one of the major animal welfare and economic problems
in dairy cattle production. Incidences of lameness as high as 20-35%
have been reported in dairy farms. Lameness is a multifactorial disease,
and the risk of cows developing lameness is associated with factors such
as their management, features of the equipment and facilities in their
environment, their nutrition, and genetic selection.

Classification of lameness

Over 90% of all cases of lameness are caused by claw disorders, mainly
in the hind limbs. The degree of severity varies based on the type and
location of the injury. Several conditions can give rise to lameness, includ-
ing infectious conditions such as digital dermatitis and foot rot, and
non-infectious conditions such as sole bruises, sole ulcers, white line
disease and laminitis. In recent years there has been a general decline
in the incidence of non-infectious causes and an increase in infectious
causes, particularly digital dermatitis.
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5.2.1 Lameness is a painful disease

Dairy producers and veterinarians consider lameness to be one of the
most painful conditions in dairy cows. Lame cows suffer from acute and
chronic pain, as well as distress. These cows also show increased sen-
sitivity to pain (hyperalgesia) and pain from stimuli that are normally
non-painful (allodynia). Hyperalgesia has been observed in cows at the
time of detection of lameness and 1 month later, suggesting that these
cows are suffering from chronic pain.

Claw lesions are among the major causes of lameness in dairy cows.
Injuries of the claws or the limbs cause painful bruises, which lead
the cow to change its locomotion in an attempt to avoid the pain. Tissue
damage or infections of the claw can induce sickness behaviour
(e.g. reduced feed intake and lethargy), as inflammatory cytokines are
released in these conditions, but even if an immune reaction is not pres-
ent, lame cows change their behaviour because of pain.

There are several behavioural indicators of pain caused by lameness
(Table 5.2). These behavioural changes are seen not only in severely
lame cows but also in moderately lame cows, and can also appear before
the cow becomes clinically lame. Lame cows increase their total daily
lying time and reduce their daily physical activity (especially walking),
as well as spending less time feeding and ruminating. These animals
visit the feeder less frequently and eat more at each visit.

In addition, lame cows have physiological changes indicative of stress
and pain. These changes include alterations in the heart rate, respi-
ratory rate, temperature, blood pressure, and pupil diameter. Raised
levels of cortisol and haptoglobin have been associated with lameness
in cows, indicating that lame cows are experiencing stress and pain due
to inflammation.
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Table 5.2 Behavioural indicators of pain caused by lameness in dairy cattle.

Increased Additional behavioural signs

Time spent lying down Lame cows are further back in the milking order

Lying bout duration Lame cows are more likely to become subordinate and to
be subjected to aggressive behaviours from healthy cows

Decreased Lame cows reduce the use of the automated grooming
brush (reduced grooming behaviour)

Physical activity Lame cows make fewer visits to the automated milking
(walking) system
Time spent eating Lame cows are more reluctant to interact with other

cows (reduced social behaviour)
Rumination

Feeding bouts

5.2.2 Lameness causes production and economic losses

Lameness is one of the costliest diseases affecting dairy cattle. Lameness
is associated with both direct and indirect economic costs (Table 5.3);
these costs are usually underestimated by farmers, who thus have a poor
perception of its impact on cow welfare and production.

Lame cows produce between 300 and 600 fewer litres of milk per lacta-
tion and take 20-40 days longer to get back in calf than cows that are not
lame. On average, each case of clinical lameness results in an estimated
cost of €450-500.

Lame cows are more prone to develop environmental mastitis (due
to the increased time spent lying down) and metabolic disease (espe-
cially during the transition period). They also show reduced fertility, as
they are unwilling to stand in heat or mount other cows, and can have
delayed cycling after calving. Lame cows also lose body condition over
time due to changes in their feeding patterns and/or as a consequence
of pain affecting feed conversion.
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Table 5.3 Main direct and indirect economic costs caused by lameness.

Main direct economic costs Main indirect economic costs
Reduced milk yield Increased risk of culling

Increased veterinary costs Reduced fertility

Discarded milk (during the course of Increased risk of further lameness
treatment)

Increased risk of secondary disease

Reduced body condition

‘Lame cows have a reduced milk yield for up to 4 months before and
5 months after the clinical evidence of lameness.

5.2.3 How to identify lameness

Early detection and prompt treatment of lameness reduce the duration
and prevalence of lameness and thus improve cow welfare. Many of the
early indicators of lameness are subtle and will be seen only by careful
inspection of cows while they are walking. The use of lameness scor-
ing systems (also known as locomotion scoring systems or LCS) on
a regular basis is the most effective means of identifying lameness in
cows. LCS describe gait properties to classify the severity of lameness
on a numerical scale. There are several valid LCS, using from two-point
to nine-point scoring systems. The five-point LCS is one of the most
frequently employed methods for lameness detection (Table 5.4).

Cows should be observed under two sets of circumstances.

e Walking on a flat, non-slippery surface for a considerable length of
time to assess multiple strides. The presence of manure, or stony
or soft tracks, might influence the cows’ mobility.

e After milking, as cows walk at their own pace to the paddock, as
their locomotion is less likely to be impaired by a swollen udder.
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Table 5.4 Example of a lameness scoring system based on a five-point scale
(from Sprecher et al., 1997).

Lameness Clinical Assessment criteria
score description
1 Normal The cow stands and walks with a level-back posture.

Her gait is normal

2 Mildly lame The cow stands with a level-back posture but
develops an arched-back posture while walking.
Her gait remains normal

3 Moderately An arched-back posture is evident both while
lame standing and walking. Her gait is affected and is best
described as short striding with one or more limbs

4 Lame An arched-back posture is always evident, and gait
is best described as one deliberate step at a time.
The cow favours one or more limbs/feet

5 Severely The cow additionally demonstrates an inability or
lame extreme reluctance to bear weight on one or more
of her limbs/feet

Generally, LCS include stride length (shortening or lengthening of the
stride), steps (asymmetrical gait), the presence of an arched back, and
transference of weight to the unaffected limb. Other characteristics that
can indicate lameness are stiff joints or reduced step angle, hanging or
bobbing of the head during locomotion, and hock posture while stand-
ing (Figure 5.2).

In lame and severely lame cows, walking is obviously affected: the cow
is unwilling or slow to place one or more feet on the ground, and is likely
to be near the back of the herd when walking to be milked. Changes are
more difficult to detect in cows with mild or moderate lameness. Apart
from alterations in gait presentation and weight bearing, and an arched
back, other features such as stiff joints, short steps, and/or one limb
moving faster or slower than the others can increase lameness detection.
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Figure 5.2 The so-called ‘cow-hocked’ (hocks positioned medially and the
hooves of the hind quarters positioned more laterally) stance, which indicates
lameness, as the stance is adapted to relieve the pain present in the claw.
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Although LCS are the best visual detection systems for lameness, there
are some limitations to performing lameness scoring regularly and rigor-
ously. Intra- and inter-observer agreement of LCS is usually moderate
(especially in mild cases of lameness), farmers have only a small amount
of time to observe lame cows, and many farmers have inadequate
knowledge of LCS application. These limitations have encouraged the
development of automated systems for lameness detection. Although
many prototypes of automatic lameness-detection systems for dairy cat-
tle exist, many of them are still in the research or development phase
and have not yet been commercialized. The current systems are mainly
able to detect only severe lameness, which can also easily be identified
visually.

5.2.4 Prevention of lameness

Lameness control programme and treatment

As the most important risk factor for lameness is inadequate man-
agement related to poor care and monitoring of foot health, all dairy
farmers should implement a lameness prevention programme. This
programme should include the following actions.

e Regular weekly locomotion scoring by trained personnel to assess
lameness. This facilitates monitoring of the prevalence and severity
of lameness, and the identification of ongoing problems and pos-
sible causes.

e Foot inspection and trimming should be carried out by a veterinar-
ian or skilled foot trimmer at intervals no greater than 6 months.
The discomfort caused by claw lesions can be reduced by correc-
tive trimming techniques and the application of a foot block to the
healthy claw.

e Flooring surfaces should be clean and dry, and ideally covered with
rubber flooring. Consideration should be given to moving cows to
outside areas (when the weather permits). These areas should be
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near the milking parlour to reduce the distance the cows are required
to walk each day.

e Clinically lame cows should receive prompt veterinary treatment.
Pain relief should be provided during and after the treatment of lame-
ness. Pain can be best alleviated by using a multimodal approach,
including primarily corrective claw trimming and placement of foot
blocks, with additional benefits provided by analgesic treatments
such as local anaesthetics, non-steroidal anti-inflammatory drugs
(NSAIDs), or sedative analgesics. In general, NSAIDs show substan-
tial benefits in models of induced lameness, with improvement
of the gait and the pressure placed on the affected foot and claw.
However, in field trials, NSAIDs have yielded variable results, with
only mild improvements to the locomotion score and nociceptive
thresholds.

e Cows that become persistently lame should be culled out of the
herd.

e Foot bathing should be used for the prevention of infectious hoof
disease in cattle of all ages. It should be applied at least once a week.

Recommendations for an effective footbath

*  The footbath should be located on a level floor with a non-slip surface.
Ensure that there is easy access to the footbath, with a straight walk
through so that cows can follow each other easily. Footbaths should
be located at the far end of the lane from the parlour, to avoid cows
‘jlamming up’ at the footbath.

« Itshould be 3.0-3.7 mlong and 0.6 m wide, with a 25 cm high step-in
height and sidewalls that slope outwards to reach a width of 0.9 m at
a height of 0.9 m above the floor.

+ It should be filled to a depth of 10 cm to ensure that the solution
washes the interdigital space of cows walking through the bath. The
solution should be refreshed every day and also after every 100-300
COow passes.
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« Walking the cows through a cleaning bath (containing water or a salt
solution) that washes their feet first is recommended because con-
tamination with manure will reduce the activity of the antibacterial
agent in the footbath.

+ Choose an antibacterial agent with evidence of efficacy for the pre-
vention of new digital dermatitis lesions and foot rot. Traditionally,
copper sulphate and formaldehyde were commonly used in footbaths
and demonstrated high efficacy. However, in the European Union, the
use of both of these agents is illegal: copper sulphate because of
environmental concerns, and formaldehyde because it is a carcino-
gen in humans. Although there are a lot of alternative footbath agents
on the market, these products are largely untested and unregulated,
thus making it difficult to recommend an effective alternative.

What factors contribute to lameness?

As lameness is a multifactorial disease, several risk factors increase the
likelihood of a cow becoming lame. At the same time, these risk factors
should be considered in a lameness prevention programme. The main
risk factors associated with lameness are shown in Figure 5.3.

Standing and walking on a hard or abrasive floor will negatively impact
claw health and locomotion. The use of rubber flooring improves gait
properties. For instance, the risk of higher LCS scores is three times
greater in cows on a concrete floor compared with a rubber floor. In
addition, floors that are wet or covered in slurry increase the risk of
lameness for two reasons: (1) coating of the legs with manure enhances
the growth of pathogenic organisms capable of invading the digital skin
and makes the hooves softer, thus contributing to digital dermatitis
and infectious lameness; and (2) the presence of manure on the floors
makes them more slippery, thus increasing the incidence of lameness.

The level of comfort of the cows’ lying surface might influence the
severity of hock lesions (swellings and injuries) as well as increase the
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Figure 5.3 Main risk factors associated with lameness in dairy cows.

risk of lameness. Dairy cows have been reported to prefer lying down
on softer surfaces. For instance, more discomfort in lying down and a
higher incidence of clinical lameness have been observed in cows lying
on rubber mats, compared with those on sand.

Rough handling when cows are moved to the milking parlour greatly
contributes to the development of severe lameness due to slips. It is
important to avoid pushing and hitting the cows when they are moved
to the milking parlour. Handlers should walk slowly and follow the
recommended position for driving cows (see section 6.3).

Heat stress is considered a risk factor for lameness, but whether this
association is a consequence of increased standing time or of alterations
in nutrient metabolism caused by a decrease in dry matter intake under
heat stress conditions is not known. Finally, genetic selection for high
milk yield with insufficient emphasis on other traits related to fitness
increases the risk of lameness. Poor hoof and leg conformation can lead
to misshapen hooves that are weak and prone to injury.



Welfare issues related to health 67

5.3 Mastitis

Mastitis is an infection of the mammary gland caused by a number of

different bacteria. Mastitis is one of the major animal welfare and eco-
nomic problems in dairy cattle production. Although in recent years
there has been a general decline in the incidence of mastitis, high inci-
dences of 25-45% are still being reported. Mastitis is a multifactorial
disease in which the environment, the pathogens, and the host (cow)
interact with each other.

Classification of mastitis

Mastitis is generally classified as clinical or subclinical depending on the
degree of inflammation in the mammary gland. Bacterial infections are the
most common causes of inflammation of the mammary gland.

Cows with clinical mastitis usually have apparent inflammation of the
udder, and their milk may contain flakes or blood. Clinical mastitis is clas-
sified as mild, moderate, or severe. Cows with clinical mastitis may also
be systemically affected and have fever, dehydration, and refuse to eat.

Cows with subclinical mastitis do not show visible udder inflammation
and can be diagnosed by means of a somatic cell count (SCC) or the
California Mastitis Test. The majority of somatic cells are leukocytes (white
blood cells), which become present in milk usually as an immune response
to mastitis caused by a pathogen.

Mastitis pathogens are classified as either contagious or environmental.

Contagious pathogens, such as Staphylococcus aureus, Streptococcus
dysgalactiae, and Streptococcus agalactiae, survive within the host
and typically spread from cow to cow during milking. In contrast, envi-
ronmental pathogens, such as Escherichia coli, Streptococcus uberis,
Enterococcus faecalis, and Klebsiella spp., are opportunistic invaders of
the mammary gland and can be found in a variety of substrates, such as
litter and manure.
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5.3.1 Mastitis causes production and economic losses

Mastitis is one of the costliest diseases affecting dairy cattle. Mastitis
is associated with both direct and indirect economic costs, which are
usually underestimated by farmers (Table 5.5).

Table 5.5 Main direct and indirect economic costs caused by mastitis.

Main direct economic costs Main indirect economic costs
Reduced milk yield Increased risk of culling
Poor-quality milk Reduced fertility

Increased veterinary costs

Discarded milk (during the course of
treatment)

Somatic cell count (SCC) penalties

On average, each case of clinical mastitis causes an estimated loss of
around €200. The cost of subclinical mastitis depends on the number
of cows with an increased SCC and is mainly attributed to losses in milk
production.

5.3.2 Mastitis is a painful disease

Dairy producers and veterinarians consider cases of severe mastitis to
be among the most painful conditions in dairy cows. However, it is well
known that cows can also experience pain in cases of mild or mod-
erate mastitis. Even subclinical mastitis is accompanied by increased
levels of bradykinin, a peptide that mediates the inflammation related
to mastitis.

‘All clinical mastitis, whether severe or mild, cause pain’
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Cows with mastitis show several signs of sickness behaviour, such as
reduced feed intake and lethargy. As we stated in section 5.1, sickness
behaviour is an adaptive response of the animal to enhance its disease
resistance and recovery from disease. Pain caused by mastitis may mod-
ify the expression of sickness behaviour. In particular, although lying
time is usually increased during illness and is thought to help the ani-
mal conserve energy, cows with mastitis show a reduction in lying time
because of udder pain, and this has important negative effects on their
welfare and production. Some studies report pronounced changes in the
laterality of lying behaviour, with cows decreasing the time spent lying
on the same side as the affected udder quarter.

Several further behavioural and physiological indicators of udder pain
have been defined (Table 5.6). Increased restlessness, such as a higher
frequency of kicking and stepping, during milking has been observed
for at least 3 days after mastitis detection. The distance between the
hocks when the cow is standing is wider in cows with mastitis than in

Table 5.6 Indicators of pain caused by mastitis in dairy cattle.

Behavioural indicators Physiological and production
indicators

Increased Increased

Restlessness during milking Heart and respiratory rate
Hock-to-hock distance when standing  Rectal temperature

Acute phase proteins

Time spent lying down Milk yield and quality
Time spent eating Dry matter intake
Rumination

Self-grooming
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healthy cows, suggesting that there is a change in the hind leg stance of
the cows as a result of the inflamed udder.

Other animal-based indicators such as an increase in the time cows take
to enter the milking area, stopping and turning around, kicking off teat
cups, increased residual milk, evidence of teat injuries, and increased
avoidance of humans could indicate problems with the maintenance of
milking equipment or an inadequate milking procedure that is causing
udder pain and increasing the risk of mastitis.

Besides reducing rumination, mastitis may also reduce the motility
of the rumen, leading to disruption of the microbial degradation of
ingested feed.

In terms of physiological indicators, the concentrations of acute phase
proteins (APPs) such as serum amyloid A and haptoglobin rapidly
increase in the serum and milk of cows with mastitis. APPs have been
shown to be good indicators of infection, stress, inflammation, and pain
associated with mastitis.

Severe cases of mastitis lead to hyperalgesia (increased pain sensitiv-
ity) and allodynia (a condition in which a stimulus that is not painful in
normal circumstances becomes painful). A state of hyperalgesia lasting
at least 4 days has also been described in cows with mild or moderate
mastitis. Kicking, irritability, and lack of milk flow when a cow’s udder
is gently manipulated during milking are signs of allodynia.

5.3.3 Prevention and husbandry recommendations

The most important risk factors identified in the report published by
the European Food Safety Authority (EFSA 2009b, 2012) are poor bed-
ding hygiene (especially for environmental pathogens) and poorly
designed, managed, or maintained milking equipment (especially for
contagious pathogens). Poor bedding should not only be avoided for
lactating cows but also for dry and periparturient cows. Contact of the
udder with dirty surfaces will increase the risk of mastitis (Figure 5.4).
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Figure 5.4 Milk leakage and/or contact of the udder with a dirty surface before
or after milking increases the risk of mastitis.

The cows’ environment, especially the lying and walking areas and the
milking parlour, should be clean, dry and well ventilated. Milking equip-
ment should be used and maintained to manufacturers’ specifications
to avoid trauma to the teats and udder. Infection prevention and control
protocols should be carefully implemented during the milking routine
(e.g. adequate teat preparation and disinfection, milking healthy cows
first and infected cows afterwards). Robotic milking systems should be
carefully adjusted and checked every day.

Early identification, monitoring, and treatment of mastitis in both
the lactation and dry periods are extremely important. Similarly, the
incidence of mastitis should be reduced by culling persistently infected
cows and by improving the cows’ immune system, by minimizing
the stress factors to which they are exposed and by the provision of
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controlled amounts of a nutritionally balanced feed. Cows with severe
mastitis and systemic signs of disease should be housed in a separate
area; for these cows, adequate nutrition and a non-stressful environ-
ment are especially important to help ensure proper functioning of the
immune system.

Pain management should be part of the treatment of clinical mastitis.
A treatment protocol including antibiotics and anti-inflammatory drugs
is recommended in cases of clinical mastitis. The efficacy of NSAIDs in
alleviating the clinical signs associated with mastitis is greater than that
of glucocorticoids, and for this reason NSAIDs can be considered as the
drugs of choice for treating the pain and inflammation associated with
mastitis. In studies of cows with experimentally induced mastitis, the
use of NSAIDs decreases signs of udder inflammation and pain, main-
tains rumen motility, decreases rectal temperature and heart rate, and,
in some studies, improves feed intake and milk yield. Although there
have been few studies on the effect of NSAIDs on naturally occurring
mastitis, a reduction of pain has been reported, and the use of NSAIDs
has also been shown to reduce heart and respiratory rates, SCC, and the
rate of culling. Overall, cows with mastitis recover faster when treated
with NSAIDs compared with cows that receive only antibiotics.

Vaccine development against common udder pathogens has been
advancing in the past few decades. The most targeted udder pathogens
are S. aureus, S. agalactiae, and E. coli. Vaccination is one tool that could
be used to prevent mastitis. However, vaccination alone is not necessar-
ily effective or economical, especially in dairy herds with high rates of
mastitis. Multiple factors account for the lack of success of vaccination,
including inadequate vaccine targets, high diversity among mastitis-
provoking strains of bacteria, cow-to-cow variation in the immune
response, and failure to elicit an immune response that is appropriate
for protection against a highly complex pathogen. The combination of
vaccination and the application of other preventive and management
measures described above usually results in a significant reduction in
the incidence and duration of mastitis in a herd.
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5.4 Painful husbandry practices:
dehorning and disbudding

Dehorning and disbudding are relatively routine practices in cattle. This
is mainly because polled animals are easier to handle and dehorning
decreases the risk of injury to both people and other animals (Figure
5.5). Polled animals also require less space in the pen and at the feeder
than horned animals. The most commonly used procedures are hot-
iron disbudding, chemical disbudding (through the application of a
caustic paste), and amputation dehorning. Whereas disbudding is usu-
ally performed during the first weeks of the animal’s life (3-6 weeks),
when the horn buds are between 5 mm and 10 mm long, dehorning is
performed once the horn is formed.

Figure 5.5 Horns increase the risk of injuries among herdmates.

‘Dehorning is the term that may be applied to horn removal in cattle of
all ages, while disbudding refers to removal of the horn buds in calves
up to around 2 months of age’
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5.4.1 Dehorning and disbudding are painful practices

Although disbudding is justified for handling reasons and even on ani-
mal welfare grounds, it is nevertheless undeniably painful practice.
The main behavioural, physiological, and production indicators of pain
caused by dehorning and disbudding are shown in Table 5.7. In addition
to acute pain, injuries due to disbudding can cause prolonged inflamma-
tion that can persist until the wound is healed, which can take months
in some cases.

Although newborn animals have traditionally been thought to be less
sensitive to pain than adults, this does not seem to be the case. In fact,
animals of the so-called precocial species (i.e. those born in highly
advanced stages of motor and sensory development), such as cattle, can
experience pain even before birth. Even if the capacity to experience

Table 5.7 Behavioural, physiological, and production indicators of pain caused
by dehorning and disbudding.

Behavioural indicators Physiological and production
indicators

Increased Increased

Standing/lying events Plasma cortisol

Tail shaking Salivary cortisol

Head shaking Heart rate

Head rubbing Respiratory rate

Ear flicking

Kicking

Scratching

Decreased Decreased
Feeding and ruminating Weight gain

Play behaviour
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pain increases gradually, the evidence seems to suggest that ruminants
are already highly sensitive to pain at only a few hours after birth. In
addition, some authors (Casoni et al., 2019; Adcock and Tucker, 2020)
suggest that painful experiences in neonates can alter the development
of neural pain pathways, leading to a systemic increase in pain sensitiv-
ity that can persist into adulthood.

Hot-iron disbudding

Hot-iron disbudding causes pain-related behavioural changes both during
and after the procedure. These changes last about 4 h. Hot-iron disbud-
ding damages the skin around the horn buds, leaving a relatively shallow
wound. Hot-iron disbudding causes a slight increase in the total plasma
cortisol concentration, which peaks at 30 min and returns to pre-treatment
levels 2—-4 h later.

Chemical disbudding

With chemical disbudding, the calf does not usually show signs of pain dur-
ing the procedure. However, pain-related behavioural changes are observed
after the procedure and can last up to 3-4 h. Moreover, the caustic paste
that is applied can cause deep wounds in the treated animal and even
in other animals because of physical contact between animals. Chemical
disbudding causes a rise in plasma cortisol concentrations within 1 h of
application of the caustic paste, and the cortisol concentration returns to
pre-treatment levels 4-24 h later.

Amputation dehorning

Amputation dehorning causes behavioural changes during the proce-
dure and for 6-8 h afterwards. Amputation affects the skin, bone, and
sometimes the frontal sinus, causing deeper and more extensive lesions.
Dehorning causes an immediate increase in plasma cortisol concentra-
tions, which peak after about 30 min and return to pre-treatment levels
5-9 h later.
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5.4.2 Minimizing or managing pain when disbudding

Dehorning should not be performed as it is extremely painful. Hot-iron
disbudding is preferable to chemical disbudding or dehorning. Based on
physiological and behavioural responses, hot-iron disbudding seems to
be less painful than chemical disbudding.

Whenever possible, a combination of local anaesthesia and systemic
analgesia using a NSAID should be used. Local anaesthesia is achieved
by desensitization of the cornual nerve with an anaesthetic agent
(Table 5.8). The local anaesthetic is injected just ventrally to the lat-
eral edge of the frontal bone, midway from the base of the horn to
the lateral canthus of the eye. Desensitization of the cornual tissue
should be confirmed by assessing the animal’s behavioural reactions
(e.g. ear flicking or strong escape behaviour) to a needle prick several
minutes after administration of the cornual nerve block. If a response
is observed to this needle prick, administration of an anaesthetic agent
should be repeated in the same manner as described above. Following
confirmation of appropriate desensitization, calves are cautery disbud-
ded by the placement of a preheated hot-iron on the horn tissue for
approximately 10 s.

Table 5.8 Options for local anaesthesia and systemic analgesia that have been
shown to mitigate pain associated with hot-iron disbudding (based on Winder
etal, 2018).

Local anaesthesia (cornual nerve block)

Active substance Dose (each site) Time of administration
Lidocaine 2% 5ml 5-15 min before disbudding
Lidocaine HCI 2% with 5-6 ml 10-20 min before
adrenaline (epinephrine) disbudding

Lignocaine HCI 2% 3-5ml 10-20 min before disbudding

Procaine HCI 2% 10 mi 20 min before disbudding
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Non-steroidal anti-inflammatory drug (systemic analgesia)

Active substance Route Dose

Time of administration

Carprofen

Dexketoprofen

Firocoxib

Flunixin
meglumine

Ketoprofen

Meloxicam

v

M
v

1.4 mg/kg
2.0 mg/kg
1.4 mg/kg
1.4 mg/kg
3.0 mg/kg
0.5 mg/kg
2.0 mg/kg

2.3 mg/kg
2.2 mg/kg
3.0 mg/kg

3.0 mg/kg
1.0 mg/kg
2.0 mg/kg
0.5 mg/kg
0.5 mg/kg

10 min before disbudding
5 min before disbudding

10 min before disbudding
15 min before disbudding
30 min before disbudding
10 min before disbudding

5 min before disbudding

5 min before disbudding
At disbudding and 3 h after disbudding

12 h before disbudding, and 2 h and
7 h after disbudding

10 min pre-disbud

At disbudding or 12 h before disbudding
5 min before disbudding

10 min before disbudding

55 min before disbudding

Route: O = oral; SC = subcutaneous; IV = intravenous; IM = intramuscular.

The use of local anaesthesia and post-operative analgesia in this way

will virtually eliminate all behavioural and hormonal changes indicative

of acute pain caused by disbudding. As calves may experience chronic

pain for 24-48 h after disbudding, extending the analgesic treatment to

cover this period should be considered.

Sedation (e.g. with xylazine) has been studied alone and in combination

with local anaesthesia. The combination decreases the cortisol response



78 Welfare issues related to health

and the physical activity of calves during disbudding, but sedation alone
does not eliminate the peak cortisol response and has a limited effect
on head movements during disbudding. Thus, the use of sedation with
xylazine without anaesthesia is not recommended, as xylazine alone
does not control the pain associated with disbudding.

European recommendations

The current European legislation regarding minimum standards for the
protection of calves (Directive 91/629/ECC) does not regulate dehorning or
disbudding procedures. Nevertheless, in some countries it is now manda-
tory to provide pain relief during painful procedures. Moreover, according
to the UK Code of Recommendations for the Welfare of Cattle, disbud-
ding should be performed before calves are 2 months old and, ideally, as
soon as the horn bud is visible. It is strongly recommended that chemical
disbudding should not be used, and hot-iron disbudding should be car-
ried out under local anaesthesia by a trained and competent stockperson.
Dehorning should not be a routine procedure, and the use of polled cattle
breeds must be considered as an alternative to dehorning in the future.
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CHAPTER 6

Welfare issues
related to
behaviour

During domestication, farm animal species have been bred to increase
their productivity and have undergone changes in their physiology and
anatomy. Although their behaviour has changed as an adaptation to
farming conditions, their behavioural needs remain intact. Therefore,
they show a strong preference to perform their natural behaviours,
and expression of these behaviours is key to safeguarding animal wel-
fare. Behaviour is also very important as it can help to identify animal
welfare problems.

6.1 Mixing animals and hierarchy

The expression of social behaviour is one of the most important natu-
ral behaviours of farm animals. Social behaviour can be classified as
positive or negative. Positive social behaviour will be beneficial for
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the welfare of animals whereas negative behaviour will be harmful
and result in the animals experiencing stress, anxiety, or frustration.
Therefore, positive social behaviour should be prioritized as opposed
to negative behaviour. Examples of positive social behaviours are allog-
rooming or social licking (Figure 6.1) and mutually touching horns (or
heads in dehorned cattle). Inter-individual bonds and preferential rela-
tionships are mainly established, maintained, and reinforced through
these positive social behaviours.

The ancestors of farm animals developed a social structure as a strategy
to defend against predators. It is assumed that if animals live in groups,

Figure 6.1 Allogrooming serves a variety of functions in cattle. Besides its
hygienic function and the provision of pleasure, it is also known to serve several
social purposes. Allogrooming enhances group cohesion and maintains social
stability, reduces social tension, and has calming effects.
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since they are gregarious, every individual animal will have a smaller
chance of being caught by any predator. This strategy needs animals to
communicate with each other, for example, to alert others in the group
about the presence of predators, but it also implies that competition will
exist if resources are limited. For example, if a large group of animals
settles in an area with a small supply of food, it will not be able to feed
all individuals of the group, and so competition for food will arise.

Hierarchy is used in gregarious species to establish the order for access-
ing resources. This strategy means that the stronger animals, which are
possibly more fit for reproduction, will have access to resources first,
thus facilitating continuation of the species.

‘Hierarchy is the social structure of gregarious species used to establish
the order for having access to resources.

Groups of animals establish a hierarchy through negative social behav-
iours such as aggression. For example, if in any group of animals
resources such as food or space are limited, the stronger or fitter animals
will use aggressive behaviour to displace other animals, thus guarantee-
ing their access to the limited resource. If the displacement is successful,
the aggressor will become the dominant animal and the aggressed will be
the subordinate. Although the most recurrent form of aggressive behav-
iour is fighting, there are many other forms that do not necessarily imply
physical harm. For example, cattle use chasing, pushing, or head butting
to threaten other animals.

6.2 Competition for resources

Any resource can be a source of competition and conflict when it is
limited. As well as food or water, as mentioned, other limited resources,
such as comfortable resting places or ventilated areas, can lead to
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competition. When resources are scarce, animals use aggressive behav-
iour to access them according to the hierarchy. More dominant and
aggressive animals will access food before the subordinate animals.
Dominant animals may abuse their position in the hierarchy and deny
the subordinate animals sufficient access to food, resulting in not only
malnutrition but also frustration and stress.

Although cattle do not often engage in severe aggression during com-
petition for food, it can sometimes result in distress and minor injuries
(e.g. skin lesions). Dominant cows hoard the feeding place and displace
subordinate cows. As an example, a supposedly dominant cow might try
to displace another cow from the feeding area by head butting. The pres-
sure put on the subordinate cow to displace her will decrease her feed
intake. To avoid excessive competition in the feeding area, it is recom-
mended that there be 10% more feeding spaces (if they are individual
headlocks) than the number of cows in the pen. For example, a pen
containing 70 cows should have 77 effective individual feeding spaces.

‘There should be 10% more individual feeding spaces than the current
number of cows in the pen’

In situations where feeding spaces are not individual, the recommen-
dation to prevent feeding competition is to provide no less than 60 cm
space per adult cow. If this minimum space is not provided, the average
feed intake of the herd will decrease. For instance, in feeding areas that
have less than 20 cm per cow present in the pen, there is a significant
reduction of both feed intake and feeding time.

Divisions at the feeder separating the heads of individuals that are
side by side allow subordinate cows better access to the feed. In fact,
evidence suggests that cows with lower feeding times relative to their
groupmates when accessing a feeder with a post-and-rail barrier showed
more similar feeding times to their groupmates when using a feeder
with a headlock barrier.
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In cattle, rapid ingestion of feed is associated with rapid rumen fermen-
tation and a greater risk of acidosis. This is particularly the case if the
feed contains a high proportion of concentrates. Increasing the feeding
space has positive effects on both feed intake (cows eat more feed) and
feeding time (cows eat more slowly), which increases productivity
and reduces the risk of acidosis, respectively.

In addition to the length of the feeding space, designs that allow indi-
vidualization of the feeding space can reduce competition at the feeder.
A useful study reveals the impact of separation of the feeder into indi-
vidual spaces using different designs to separate the individual feeding
spaces (Bouissou, 1980). In the study, two dairy cows were introduced to
an experimental pen with food in a single feeding trough, and were left
for 3 min. In the first situation, the subordinate cow was able to access
the food only for 7 s, whereas the dominant cow spent almost all the
time eating. Although the best situation in terms of equality in feeding
time occurred where there is a complete separation between the two
feeding spaces, it is worth noting that a slight separation between spaces
can have a very similar result in reducing competition for feed.

6.3 Fear and the human—-animal relationship

The quality of stockpersons has an important effect on the welfare and
performance of dairy cattle. Indeed, the attitude of the stockpersons
when interacting with their animals mostly determines whether cattle
are more or less fearful of people. Fear affects milk production and has
pronounced negative effects on animal welfare. Positive interactions
with the cows, by contrast, can also positively improve their health
status. To prevent fearfulness, a positive human-animal relationship
should be fostered as early as possible in the life of the animal.
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6.3.1 What is fear?

Fear is defined as an unpleasant emotional experience caused by a
stimulus that the animal perceives as a threat. In general, two kinds
of stimuli can cause fear. First, intense sensory stimuli, such as a
sudden noise, trigger a fear response without involving a learning
process. Second, animals may learn to associate a neutral stimulus,
such as the presence of humans, with a negative experience, such
as being slapped, shouted at or pushed, due to a conditioning learning
process. Moreover, according to some authors (see Waiblinger et al.,
2006 for further review), domesticated animals may perceive humans
as predators and, to a certain extent, are thus ‘predisposed’ to associate
the presence of humans with negative stimuli. Fear is also affected by
the genetic make-up of the animals, and has shown a medium-to-high
heritability.

Pheromones play an important role in communication between cows,
and one pheromone that is particularly relevant here is the so-called
alarm pheromone. In a frightening situation, cows secrete a volatile
molecule or set of molecules (which are synthesized in the cutaneous
glands located between the hooves) that induce fear and stress in other
cows. So, a situation that causes fear in one cow may affect the entire
herd.

Fear triggers a set of behavioural - mainly, the flight response - and
physiological changes. In general, the physiological changes asso-
ciated with fear are similar to the stress response and have negative
effects on feed intake, rumination, milk production, and fertility. The
fear response inhibits the synthesis and release of oxytocin, which is
responsible for the milk ejection reflex, and this largely explains the
importance of human-animal interactions in the milking parlour.

‘Positive interactions with the cows may reduce fear towards humans,
therefore improving their welfare and milk production’
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6.3.2 Prevention of fear through good human-cow
interactions

The quality of stockpersons and their relationship with the cows has
a strong impact on their everyday work. Fearful animals are much more
difficult to handle; for example, they are unpredictable and may react
suddenly. This represents a major risk to personnel. In fact, most acci-
dents on dairy cow farms are due to the reaction of fearful animals.
Positive human-animal interactions not only facilitate animal handling
but also contribute to better job satisfaction for the stockperson.

Cows perceive interactions with humans as either aversive, positive, or
neutral, depending on the quality of the interaction. Dairy cows expe-
rience a number of handling procedures throughout their lives, such
as oestrus detection and subsequent artificial insemination, potential
interventions to assist parturition, movement from one place to another,
vaccinations and other necessary treatments that can be painful. These
situations can easily be perceived by the cow as aversive. Good man-
agement can significantly decrease the fear response of the animal,
even when experiencing some procedures that are painful but neces-
sary. Positive handling of the cows for a short period of time daily can
successfully reduce their fearfulness, triggering direct benefits in their
productive and reproductive performance.

Studies published in dairy cows indicate that the most important param-
eter that determines the cows’ fear of humans is the proportion of
negative interactions out of the total number of interactions between
the farmer and the animals. Cows that are regularly handled in a posi-
tive way usually show less fear of humans than those that have reduced
contact with humans. Regular positive handling results not only in less
agitated behaviour when cows are in close proximity to humans but also
in a lower heart rate and a lower plasma cortisol concentration, which
are indicative of a reduced stress response.

The most frequent negative interactions involve the cows being pushed
and hit by the stockperson when they are being moved, especially to
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the milking parlour. By contrast, positive interactions include the stock-
person patting or touching the cows gently and resting their hand on
the back of the cows during milking. The stockperson’s voice is also an
important signal that can be used in daily activities such as milking,
feeding, or cleaning. Speaking to the cows with a calm tone of voice
will facilitate the establishment of a positive interaction with the cows,
whereas shouting will alarm them.

Blind spot
shaded grey

Edge of flight zone

e Handler position

[60° | g to stop movement

Handler position
to start movement

Point of
balance

Flight zone = area that if encroached upon by humans causes escape behaviour.

*  Position A = outside the flight zone.

. Position B = inside the flight zone.

* When moving from position A to B, the handler exerts a ‘pressure’ on the animal
to move.

Point of balance = the animal will move forwards if the handler walks behind this point
and backwards if the handler walks beyond this point.

Blind spot = area where the animal cannot see the handler.
Figure 6.2 Recommended handler position for driving cattle (reprinted from

Genetics and the Behavior of Domestic Animals, Temple Grandin, Mark J.
Deesing, Copyright (2014), with permission from Elsevier).
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Cows and stockpersons interact most frequently during milking and
when the cows are being moved to and from the milking parlour.
Moving the animals can be stressful, especially if it is done in an inap-
propriate way or if the facilities are not adequate. Figure 6.2 shows the
recommended position of the handler to drive cows in a gentle way.

6.3.3 Assessment of fear towards humans

A cow'’s fear of people triggers a series of behaviour changes that can be
measured by several indicators such as the so-called ‘flight distance’, the
latency time in the approach of the animal to the observer, or the time
during which the animal will stay still close to the observer.

The way in which cows react to humans is included in several welfare
evaluation systems, such as the ‘human-animal relationship’ test from
the Welfare Quality® protocol. This test evaluates the human-animal
relationship by the flight distance, measured individually. The person
doing the test should initially be about 2 m away from the head of the
cow in the area of the feeders and move slowly towards the cow with
their arm held in front of them forming a 45° angle with the ground
and the palm of their hand downwards (Figure 6.3). The person should
not look directly into the eyes of the cow. The distance between the
tip of the fingers of the hand and the cow’s muzzle when the cow
makes the first movement of flight (i.e. moving away from the person)
should be recorded. Thus, two types of measurements are obtained:
the percentage of cows that allow themselves to be touched and the
average flight distance. The human-animal relationship is considered
good when the average flight distance is less than 50 cm and most cows
allow themselves to be touched by the person.

Welfare assessment protocols usually evaluate the fear of strangers,
since the observations are made by an assessor who does not habitually
interact with the animals.



92 Welfare issues related to behaviour

|1 [
)

i

Figure 6.3 Assessor conducting the so-called ‘flight distance’ test, which mea-
sures the quality of the human—-animal relationship.

Bibliography

Boissy, A. (1995) Fear and fearfulness in animals. Quarterly Review of Biology
70, 165-191.

Bouissou, M.-F. (1980) Social relationships in domestic cattle under modern
management techniques. Italian Journal of Zoology 47, 343-353.

de Passillé, A.M. and Rushen, J. (2005) Can we measure human-animal inter-
actions in on-farm animal welfare assessment? Some unresolved issues.
Applied Animal Behaviour Science 92, 193-209.

Endres, M.I., DeVries, T.J., von Keyserlingk, M.A.G. and Weary, D.M. (2005)
Effect of feed barrier design on the behavior of loose-housed lactating dairy
cows. Journal of Dairy Science 88, 2377-2380.

Fallahi, S. (2019) Behavioral genetics in cattle - a review. Journal of Livestock
Science 10, 102-108.



Welfare issues related to behaviour 93

Fregonesi, J.A., Tucker, C.B. and Weary, D.M. (2007) Overstocking reduces lying
time in dairy cows. Journal of Dairy Science 90, 3349-3354.

Gonzalez, L.A., Manteca, X., Calsamiglia, S., Schwartzkopf-Genswein, K.S. and
Ferret, A. (2012) Ruminal acidosis in feedlot cattle: interplay between feed
ingredients, rumen function and feeding behavior (a review). Animal Feed
Science and Technology 172, 66-79.

Grandin, T. (1980) Observations of cattle behaviour applied to the design of
cattle handling facilities. Applied Animal Ethology 6, 19-31.

Grandin, T. and Deesing, M.J. (2014) Genetics and the Behavior of Domestic
Animals, 2nd edn. Academic Press, Cambridge, MA.

Hemsworth, PH., Coleman, G.J., Barnett, J.L. and Borg, S. (2000) Relationships
between human-animal interactions and productivity of commercial dairy
cows. Journal of Animal Science 78, 2821-2831.

Jones, R.B. and Boissy, A. (2011) Fear and other negative emotions. In: Appleby,
M.C., Mench, J.A., Olsson, I.A.S. and Hughes, B.O. (eds) Animal Welfare,
2nd edn. CAB International, Wallingford, UK, pp. 78-97.

Keeling, J.L. and Gonyou, H.W. (2001) Social Behavior in Farm Animals, 1st edn.
CABI Publishing, Wallingford, UK.

Mota-Rojas, D., Broom, D.M., Orihuela, A., Velarde, A., Napolitano F. and Alonso-
Spilsbury, M. (2020) Effects of human-animal relationship on animal
productivity and welfare. Journal of Animal Behaviour and Biometeorology
8, 196-205.

Pajor, E.A., Rushen, J. and de Passillé, A.M. (2000) Aversion learning techniques
to evaluate dairy cattle handling practices. Applied Animal Behaviour Science
69, 89-102.

Proudfoot, K.L., Veira, D.M., Weary, D.M. and von Keyserlingk, M.A.G. (2009)
Competition at the feed bunk changes the feeding, standing, and social
behavior of transition dairy cows. Journal of Dairy Science 92, 3116-3123.

Rousing, T. and Waiblinger, S. (2004) Evaluation of on-farm methods for testing
the human-animal relationship in dairy herds with cubicle loose housing
systems: test-retest and inter-observer reliability and consistency to famil-
iarity of test person. Applied Animal Behaviour Science 85, 215-231.

Val-Laillet, D., Guesdon, V., von Keyserlingk, M.A.G. and Rushen, J. (2009)
Allogrooming in cattle: relationships between social preferences, feeding
displacements and social dominance. Applied Animal Behaviour Science 116,
141-149.

Waiblinger, S., Boivin, X., Perdersen, V., Tosi, M.V., Janczak, A.M., Visser, E.K.
and Jones, R.B. (2006) Assessing the human-animal relationship in farmed
species: a critical review. Applied Animal Behaviour Science 101, 185-242.



94 Welfare issues related to behaviour

Waiblinger, S., Menke, C. and Folsch, D.W. (2003) Influences on the avoidance
and approach behaviour of dairy cows towards humans on 35 farms. Applied
Animal Behaviour Science 84, 23-39.



CHAPTER 7

Welfare at milking

Milking is considered one of the most important routine tasks performed
by dairy cattle farmers and is also rated as the most enjoyable task.
Milking is also the most frequent direct interaction between dairy cows
and the stockperson. Chronic pain associated with diseases or injuries
and any stressful situations occurring during milking are likely to result
in a decrease in milk yield.

7.1 Health problems related to milking

In terms of diseases and injuries directly related to milking, special
attention should be given to the prevention of teat injuries and masti-
tis (especially when contagious mastitis microorganisms are involved).
Mastitis is more likely to develop at the time of peak milk yield, and
cows with a high milk flow rate may be more prone to pick up infections
through the teat canal. Some evidence suggests that the incidence of
mastitis may be reduced by increasing the frequency of milking. On the
other hand, increasing the frequency of milking may also increase the
risk of teat damage and secondary invasion by environmental pathogens
after each milking.
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‘Routine tasks of animal care, such as teat disinfection and cleaning, and
the management of the milking equipment are of major importance in
ensuring good animal health during milking’

Pain is a stress factor that must not be forgotten. Poor practices in the
milking parlour can cause pain. In addition, chronic pain (e.g. that asso-
ciated with lameness or mastitis) will inevitably result in the inhibition
of milk ejection. Therefore, pain must be prevented wherever possible,
and treated when painful conditions do arise.

The practice of over-milking produces an increase in the behavioural
indicators of pain. This is because the cow feels discomfort in the udder
resulting from the prolonged and greater exposure of the teats to a vac-
uum. Therefore, it is recommended that the liners (or teat cup liners)
be removed immediately after the milk flow has stopped.

Lameness or mastitis cause chronic pain, which has a negative effect on the
cows’ welfare and yield. In the case of lameness, it is recommended to open
accommodation areas for lame cows near the milking parlour to reduce
the distance these animals must walk each day. Some behaviours indicat-
ing lameness may be apparent while the cows are standing in the milking
parlour; for example, arching of the back, the so-called ‘cow-hocked’ stance
(see section 5.2.3), or when the animal supports its weight on one limb
because the contralateral limb is painful. In cases of lameness and clinical
mastitis, treatment with a non-steroidal anti-inflammatory drug (NSAID) is
recommended to relieve the pain (see also sections 5.2 and 5.3).

Note on automatic milking

Automatic milking is an increasingly common practice in dairy produc-
tion. With respect to the welfare of the cow, the use of automatic milking
systems has both advantages and disadvantages, and some recent stud-
ies conclude that automatic milking and conventional milking are equally
acceptable in terms of dairy-cow welfare (Table 7.1).
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Table 7.1 Main advantages and disadvantages of automatic milking in relation
to the welfare of the cows.

Advantages Disadvantages

Increase in milking frequency and Higher risk of poor positioning of the
possible improvement of udder health  teat cup liners, causing drips and an
increased risk of mastitis

Cows visit the milking unit whenever Subordinate animals may be forced to
they want to. This gives them more go to the milking machine at night
control over their environment

7.2 Indicators of stress during milking

Acute stress during milking reduces milk yield through a central inhibi-
tion of oxytocin secretion and the peripheral actions of catecholamines.
Oxytocin, a hormone secreted by the central nervous system into the
bloodstream, is the main mediator of the milk ejection reflex. The secre-
tion of oxytocin is thus of major importance to optimize milk production.
A variety of acute stressors, such as social isolation, novel surround-
ings (especially for heifers), pain associated with diseases or injuries,
or fear of the people present at milking lead to the inhibition of milk
ejection.

Besides its impact on productivity, the behavioural response of cows to
a stressful situation also increases the risk of injury for the stockperson.

30% of the variability in annual milk production among farms can be
attributed to differences in the degree of fearfulness of the cows!

Several behavioural indicators can be useful to identify welfare prob-
lems related to milking.
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Stepping during milking can be an indicator of general discomfort
(e.g. chronic pain or over-milking) or fear of the personnel who are
present. A higher frequency of stepping behaviour is observed in
anxious and nervous animals. Cows that are managed gently show
a shorter flight distance (the distance between a person approaching
the animal and the animal itself at the moment of withdrawal; see
section 6.3.3) and less stepping behaviour during milking.

Cows that experience pain due to teat lesions are more likely to
kick during milking. In contrast, fearful cows do not usually show
kicking behaviour. Kicking is also an indicator of discomfort caused
by low milk flow and vacuum milking.

Defecation, urination, and vocalization in the milking parlour
are indicators of acute stress and fear in cows (Figure 7.1). These
behaviours increase when the cows are isolated or introduced
into novel surroundings. Interestingly, the occurrence of these
indicators decreases in the presence of the stockperson (when the

Figure 7.1 Defecation may be observed during the first milking of primiparous
cows. Defecation is rarely observed in the subsequent milkings of primiparous
cows and in multiparous cows, unless there is a problem of fear or stress at milking.
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human-animal relationship is good). The presence of a person who
has a good relationship with the cows may therefore reduce the fear
responses of cows during milking.

7.3 Preventing stress during milking through
good management routines

The presence of a handler who interacts with the cows in an aversive
way (e.g. with sudden and unpredictable movements, shouting, and/or
slapping) during milking is enough to cause the cows to ‘hold back’ milk
due to the suppression of oxytocin secretion. Studies comparing farms
with similar environmental conditions and cows with the same genetic
background have shown that farms with the highest productivity are
those with stockpersons who speak to and touch their cows more often.
The animals are in turn less frightened, less reluctant to be driven, and
more likely to approach the stockperson. Under controlled conditions,
just the presence of an aversive handler during milking is enough to
increase residual milk by 70%, and therefore reduce milk yield.

Tt is, then, important to take advantage of each milking event to optimize
the interaction between the stockperson and the cows, and to avoid using
some routine behaviours that could result in cows becoming fearful.

* Maximize positive contacts such as talking calmly, patting the cows,
and moving slowly and in a predictable manner.

e Minimize negative contacts such as shouting at or slapping the
cows, or making fast and unexpected movements.

e Providing small food rewards when dairy cows enter the milking
parlour may reduce the time they take to enter the parlour, which
in turn reduces the need to push the cows or use other aversive
handling techniques.

Handling of cows during milking must be done with patience and sen-
sitivity. The person in charge should be familiar with the behaviour of
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the cows and the best ways to manage them. Above all, this person must
be aware of the importance of handling to help ensure the welfare of
the cows at milking.

7.3.1 Moving the cows towards the waiting area

It is important to move the cows to the waiting area calmly, without
running or shouting. Ideally, the cows will walk to the waiting area on
their own. It is recommended that moving the animals should always
be carried out by the same person, and at the same times of day. The
animals can be stimulated to walk by talking to them, whistling, walking
in a ‘zigzag' pattern behind them and, when necessary, gently tapping
their hind legs or back with the hand.

Cows are animals that like routines: they prefer to go along the same
roads, lie down in the same place, and drink water at the same time and
from the same drinker. These activities are usually carried out in groups,
under the influence of one or several individuals, who are the ‘leader’
cows. Leadership is defined when an animal starts to move or chooses
a certain place to do an activity (e.g. rest) and is followed by the other
animals in the group. The leader cow is usually the oldest of the group,
but this is not always the case. It is easier for the stockperson to move
groups of cows to the milking parlour when they can identify the leader
cow in each group. Stimulating the leader cow to move can encour-
age the other cows to follow her and accompany her into the waiting
area.

7.3.2 In the milking parlour

When the cows are in the waiting area, it is recommended to wait a few
minutes before starting the other activities, to give them time to recover.
Tt is better not to place too many cows in the waiting area at the same
time. The waiting area is usually not a comfortable space (e.g. it might
have a high stocking density and/or be noisy), and this can cause the
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cows discomfort and stress. In addition, having small groups in the wait-
ing area facilitates their management and entry to the milking parlour.

It is advisable not to force the cows into the milking parlour and to
respect their preferred order to access the parlour. It is important
to remember that the so-called ‘waiting room pusher’ should be used
only to delimit the waiting area, and in no case to push the cows. The
presence of electric shocks (even at low intensity) should be elimi-
nated completely in the milking parlour. Likewise, it is recommended
to respect the preferences of each animal when choosing their milking
place.

To reduce stress during milking, it is important that cows can anticipate
each task in the milking parlour. Giving signals to the animals is very
useful to help them anticipate each procedure and minimize the risk
that they will react with fear. For example, it is advisable to touch the
udder before placing the teat cup liners.

Good management of cows during milking is essential to maximize their
milk production. However, we must not forget that the people in charge
of milking also have other fundamental responsibilities, such as compli-
ance with milking schedules, cleaning and preparation of the room, and
detecting animals with possible health problems.

Positive management of cows pays off

In a study in Canada by Rushen et al. (1999) dairy cows were repeat-
edly handled by two persons, one of whom always handled the cows in a
smooth and gentle manner (speaking in a low voice, stroking the cows, and
occasionally giving rewards of food) whereas the other handled the cows
in an aversive manner (shouting, being abrupt, and occasionally using a
plastic shovel to strike the cows).

The cows' fear of each of these two people was evaluated by means of an
approach test in the feeding area. The results showed that after several

continued
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repetitions of the ‘fear tests’, the cows remained further away from the
‘aversive’ operator than from the ‘gentle’ operator. The authors of the
study evaluated whether the degree of fear caused by the type of man-
agement was enough to reduce milk production. They milked the cows
in the presence of each of the two workers. The mere presence of the
aversive operator during milking was enough to increase residual milk by
70% (which indicates a blockage of milk ejection induced by the stress
response) and significantly reduce milk production. Some physiological
changes were also detected: in the presence of the aversive operator, the
cows had a higher heart rate during milking.

Training of stockpersons improves cow welfare
and productivity

A study conducted in Australia by Hemsworth et al. (2002) evaluated
the effect of a special training programme to improve farmers’ attitudes
towards the dairy cows they manage. Of the 141 stockpersons who were
present, half participated in the training programme while the other half
remained as a control group. The stockpersons who participated in the
training programme changed their way of managing cows, and began
using less aversive signals and more positive interactions with the ani-
mals. In addition, the escape distance of the cows in front of a person
was smaller on the farms where the stockpersons had followed the train-
ing programme. Finally, improvements in cow management had a positive
impact on productive yields.
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CHAPTER 8

Welfare at drying-
off and during the
dry period

Drying-off'is defined as the cessation of milking in lactating dairy cows.
The dry period is an important resting period before their next lactation,
and the average duration of this period is 40-60 days.

Drying-off in dairy cows implies the gradual or abrupt cessation of milk-
ing. Gradual cessation of milking is achieved by reducing the cows’
energy intake or frequency of milking before drying-off. Abrupt or sud-
den drying-off is a common way of stopping milk production at the
end of lactation on commercial dairy farms. It involves the cessation of
milking without any intended variation in milk production prior to that
moment. This means that there is no change in the quantity and quality
of feed provided, water availability, or frequency of milking of cows that
are still producing significant quantities of milk, perhaps 20-35 kg/day.

The dry period is critically important for the welfare of dairy cows and
their production in the following lactation. The main welfare problems
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Figure 8.1 Some of the main welfare problems during the dry period in high-
producing dairy cows.

during the dry period are pain and discomfort due to udder engorge-
ment, an increased risk of intramammary infections (hereafter called
mastitis), restriction of feed and water provision, and aggressive inter-
actions between cows. Figure 8.1 summarizes some of these problems.

‘Drying-off is a painful and stressful period.

Drying-off causes physiological stress. The pain caused by high intra-
mammary pressure after drying-off, particularly if it is abrupt, is
accompanied by a stress response. In addition, drying-oft is usually asso-
ciated with several management practices that could act as additional
stressors. For example, the cows are usually moved to a different pen
and regrouped with other cows, and changed to a low-energy diet. It is
worth remembering that stress is additive and that the risk of developing
mastitis increases with the stress response.
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Physiological changes in the udder at drying-off

At drying-off, the mammary gland continues to produce and secrete milk,
resulting in an increased intramammary pressure that may cause pain
and stress to the cow. The milk accumulates in the alveoli and ducts of
the mammary gland, resulting in udder distension by 16 h after drying-off.
Subsequently, there is a degeneration of secretory cells and a disrup-
tion of the alveolar and lobular structures of the udder. Around 16-18 h
after drying-off, the intramammary pressure rises rapidly, and leakage of
milk and a mild inflammatory response occur. Evidence of inflammation
includes a transient increase in blood flow in the udder, increased neu-
trophil counts in milk, and increased permeability of the udder through
impairment of tight junctions between the alveolar cells. Intramammary
pressure peaks 2 days after drying-off and then decreases, but is present
for up to 6 d following abrupt drying-off.

8.1 Pain and discomfort caused by udder
engorgement at drying-off

8.1.1 Factors affecting pain and discomfort at drying-off

Drying-off results in the accumulation of a large volume of milk in the
udder, leading to udder engorgement, increased pressure, discomfort,
and pain. Three main factors affect the pain associated with drying-off.

¢ High milk production. Cows producing higher quantities of milk at
drying-off ( >20 kg/day) have larger volumes of mammary secretion
during early involution than cows producing less milk (< 15 kg/day).
Currently, drying-off on commercial dairy farms involves the cessa-
tion of milking in cows that are still producing significant quantities
of milk, typically 20-35 kg/day and in some cases as much as 50
kg/day. The risk of discomfort associated with udder engorgement
at drying-off is higher in high-producing cows.



108 Welfare at drying-off and during the dry period

e Abrupt cessation of milking. Abrupt drying-off with sudden ces-
sation of milking at 40-60 days before the expected calving date is
a common management practice. This abrupt form of drying-off
causes more pain than a gradual decrease of the milking frequency.
In terms of animal welfare, it is preferable to decrease the milking
frequency several days before drying-off, to reduce the milk yield.
Based on the existing literature, a target milk yield of 15 kg/day or
less at drying-off is recommended.

e Parity. Primiparous cows can experience more discomfort at
drying-off than multiparous cows. Besides their lack of previous
experience, primiparous cows have a more persistent milk produc-
tion curve and a relative immaturity of the mammary gland, which
may reduce their tolerance to high intramammary pressure.

8.1.2 Indicators of pain and discomfort at drying-off

There are two main behavioural indicators that can be used to identify
cows suffering from udder pain. First, cows reduce their lying time,
probably to relieve pressure on the udder. Second, the cows show avoid-
ance behaviour in response to udder palpation.

Reduced lying time

A reduction in lying time can be used as an indicator of discomfort
caused by udder distension due to milk accumulation. It has been dem-
onstrated that cows reduce their lying time as a result of udder pain,
probably to relieve pressure on the udder. For instance, in one study
(O’'Driscoll et al., 2011), a reduction in milking frequency from twice to
once a day in mid-lactation increased the intramammary pressure and
milk leakage, and led to a reduction in the cows’ lying behaviour. After
milking was omitted, all cows spent more time standing in the resting
area instead of lying.
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When milking is abruptly stopped in cows with average milk produc-
tion below 10 kg/day, lying time is not reduced 1 day after drying-off,
as their udder firmness increases minimally. However, cows producing
on average more than 20 kg/day show a reduction in their lying time,
with an increase in the frequency of lying bouts and a decrease in their
duration, 1 day after drying-off, which may be indicative of physical dis-
comfort. Given that lying is a high-priority behaviour in dairy cattle (see
section 4.1.1), the welfare of cows may be compromised after abrupt
milk cessation.

‘Reduced lying time at drying-off is indicative of udder pain’

Behavioural response to udder manipulation

Assessing the reaction of animals to part of their body being manipu-
lated is a commonly used method to assess pain, and is valid and reliable
as long as the reaction is scored in a standardized way. Pain sensitiv-
ity has been quantified using mechanical (algometers) or thermal (CO,
laser) stimulation of a hind leg or the udder. These methods measure
the nociceptive threshold, defined as the minimum stimulus necessary
to elicit a pain response. When a stimulus is applied to a painful site, a
cow responds with avoidance behaviours such as kicking, leg lifting, or
tail flicking. Lower nociceptive threshold values indicate that there is
increased pain. These methods have been used in dairy cows to assess
pain associated with lameness or mastitis.

Recently, a score has been described for assessing pain due to udder
engorgement in dry cows. Cows are classified into four categories (0 =no
udder pain, 1 =light udder pain, 2=moderate udder pain, and 3 =severe
udder pain) depending on their reaction to udder palpation (from no
behavioural response to strong avoidance behaviour in response to palpa-
tion). Evidence indicates that many cows show signs of pain when their
udder is touched shortly after drying off. There is evidence indicating
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that around 20% of cows suffer pain as a result of udder engorgement
in the 2 days following drying-off, and this percentage decreases to 10%
on days 3 and 4 after drying-off.

8.1.3 Methods of measuring udder engorgement and
udder pressure

Several measures of udder engorgement and/or udder pressure have
been suggested as indirect measures of udder pain.

e Udder pressure can be measured using a mechanical stimulus
applied to the udder or by palpating the udder.

e The distance between the teats before the last milking, compared
with the distance on the following day after drying-off, is useful to
assess udder engorgement.

e Leakage of milk from the mammary gland is defined as milk drop-
ping or flowing from any teat, and is a risk factor for mastitis.

e Increased vocalization might be indicative of pain due to udder
engorgement, as well as periods of distress or hunger at drying-off.

8.2 Increased risk of mastitis

Several studies have shown that over 60% of new mastitis cases occur
during the dry period, and most of them are caused by environmental
pathogens. There are two phases within the dry period when suscepti-
bility to a new occurrence of mastitis is particularly high: shortly after
drying-off and just before calving.

Several factors increase the risk of new mastitis. Once milking stops,
there is neither a flushing of bacteria from the streak canal at each
milking nor protection provided by teat dipping. As explained above,
udder engorgement due to the abrupt cessation of milking at drying-off
may cause milk leakage, and also delays the formation of the keratin
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plug, and results in the widening and shortening of the streak canal.
In addition, milk is a perfect substrate for bacterial growth.

Shortly before calving, susceptibility to infection increases because the
keratin plug breaks down, leukocyte function is impaired, and there is
leakage of colostrum in some cows. Mastitis is a major welfare problem
mainly because it causes pain (see Section 5.3.2).

8.3 Restricted access to feed and water at drying-off

Restriction of feed and water intake is sometimes used as a method to
stop milk production. Abrupt restriction of feed and water intake has
been associated with stress. Restriction of feed intake represents a meta-
bolic challenge to cattle that results in higher blood concentrations of
non-esterified fatty acids, as well as probable hunger and distress, which
may be demonstrated by behaviours such as increased vocalization.

8.4 Aggressive interactions and competition
between dry cows

As calving approaches, cows are likely to be moved to a new pen and
mixed with other cows. Regrouping may occur several times during
the last weeks of pregnancy. Regrouping reduces the time cows spend
ruminating and increases aggression among them.

Individual cows respond differently to regrouping and this may have
important effects on their health status after calving. For example, cows
that develop metritis and ketosis after calving have been shown to spend
less time feeding during the pre-calving period than cows that remain
healthy after calving. Subordinate cows may be particularly at risk, as
they are more likely to be driven away from the feed bunk by more dom-
inant cows. Therefore, providing enough feeding space is particularly
important to reduce the negative effects of competition between cows.
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8.5 Recommendations on husbandry and pain
management

Despite the evidence showing that drying-off may have a negative
effect on animal welfare, there are very few known practical strategies
to reduce welfare problems at drying-off. Because management condi-
tions and facilities vary among farms, farmers and veterinarians should
develop individualized protocols for drying-off, always remembering
the importance of a clean, dry, comfortable environment for dry cows.
Additionally, the following recommendations should be considered.

1. Dry cows are usually allocated to pastures or dry lots to promote
exercise during the dry period. It is recommended that these cows
have access to a bedded pack and a paved alley, including a resting
area equivalent to 10 m?/cow. Bedding material should be removed
on a regular basis (preferably daily). In any case, dry cows should
be protected from extreme draughts and provided with a dry area
to rest for as many hours of the day as they desire.

2. Minimize situations that are likely to cause chronic stress, such as
competition for food or water. Ideally, pens should include a feed-
ing trough long enough for all cows to feed at the same time (with
a minimum length of 0.76 m of feeder/cow), and each pen should
have at least two effective water points.

3. Dry cows should be monitored after drying-off. Identifying milk
leakage, palpating the udder, and checking for signs of udder pain
can be useful to estimate the incidence of welfare problems related
to drying-off.

4. Dry cows should be kept as far as possible from the milking parlour,
because the sight, sound, and smell of the parlour will stimulate the
milk let-down reflex, resulting in shorter lying periods.

5. Atarget milk yield of 15 kg/day or less at drying-off is recommended.
A 5-7 day period of intermittent milking (e.g. one milking/day)
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prior to drying-off, implemented with or without changes in feed-
ing, will lower the milk yield adequately to accelerate involution of
the mammary tissue and enhance udder health and cow welfare.

6. In view of the naturally diminishing milk production at weaning
when the offspring’s need for milk declines, it has recently been
proposed to reduce the volume of milk removed at each milking,
without altering the frequency of milking, before drying-off of cows
with healthy udders. It is expected that increasing the portion of
residual milk in the udder in this way will initiate the involution
of the mammary tissue. Although applied research on the subject
is needed, this gentle preparation for drying-off could contribute to
improving the welfare and health of dairy cows.

7. An alternative method to facilitate drying-off'is to induce a decrease
in milk yield by reducing the level of galactopoietic hormones, such
as prolactin, in the blood. For example, cabergoline, a prolactin-
release inhibitor that acts at the level of the pituitary gland, reduces
blood prolactin concentrations for up to 8 days after administration.
However, pharmaceutical products to reduce milk yield at drying-
off are generally not available commercially.
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CHAPTER 9

Welfare during the
peripartum period

A normal calving (eutocia) poses a risk for both the mother and the
newborn calf. In the case of a difficult calving (dystocia), this risk is
greater. Management during the peripartum period can be critical to
the mother’s health, and the effects of good management can last into
the next lactation period. Perinatal mortality accounts for half of all
deaths of calves before weaning. Thus, the peripartum period involves
both welfare issues and potential economic loss, both of which can be
mitigated by improving the management of animals during this period.

9.1 Calving is a painful and stressful process

It is generally accepted that giving birth causes acute pain in all spe-
cies, including cattle. Around the time of birth, the levels of acute phase
proteins such as haptoglobin and serum amyloid protein increase con-
siderably in response to inflammation and tissue damage, and, thus,
pain. Dystocia can cause intense pain not only in the mother, but also
in the calf.
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Any calving also causes physiological stress. Calving is associated with
increased plasma cortisol concentrations irrespective of the parturi-
tion environment. The reasons for this are twofold: first, pain is always
accompanied by a stress response and, second, any new or uncommon
situation can trigger stress.

The pain and stress caused by calving are important not only because of
their negative impact on animal welfare, but also because they can have
significant consequences for the entire birth process, as they inhibit the
release of oxytocin, and can therefore decrease myometrial contractions
and delay the secretion of colostrum.

9.2 Behavioural changes during normal calving

The process of calving has been divided into three stages:

e stage I - from dilation of the cervix to the expulsion of amniotic fluid

e stage II - from the expulsion of amniotic fluid to the expulsion of
the calf

e stage III - from the expulsion of the calf to the expulsion of the
placenta.

It is important to be familiar with the normal behavioural changes dur-
ing calving in order to recognize problematic births. The characteristics
of stages I and II of a normal calving are summarized in Table 9.1.

In stage III (from the expulsion of the calf until the expulsion of the
placenta), uterine contractions persist, decreasing in amplitude but
becoming more frequent and less regular. Normal expulsion of the pla-
centa occurs within 8 h after delivery of the calf. Retained placenta is
defined as the failure to void fetal membranes within 24 h. During this
stage, the dam begins to lick the calf.

Parturition begins gradually, which often makes it difficult to tell exactly
when it has begun. In practice, raising and arching the tail is one of the
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Table 9.1 Characteristics of normal calving: stages | and Il.

Stage | Stage Il

Description From dilation of the cervix to expulsion From expulsion of
of amniotic fluid amniotic fluid to
expulsion of the calf

Approximate 4h 60-100 min
duration

Normal Decreased food intake and rumination Lying on side or
behaviours Restlessness remaining in a

) resting position
Increased exploratory behaviour ep

Frequent changes in posture

Looking at own flanks, kicking, scraping
the ground, raising and arching the tail

Contractions Uterine Abdominal (regular,
Abdominal (initially irregular; by the end,  coming every 3 min
coming at 15 min intervals and lasting and lasting 30 s)
20's)

most valuable indicators of imminent calving (Figure 9.1). The highest
frequencies of tail-up behaviour are observed before calving, and this
behaviour is seen earlier in heifers, from 4 h before calving, compared
with 2 h before calving in cows. Currently, different types of devices
for calving detection are on the market, which could predict the onset
of calving several hours in advance. These include, for instance, incli-
nometers that detect tail raising, accelerometers that detect restlessness,
abdominal belts that monitor uterine contractions, vaginal probes that
detect a decrease in vaginal temperature, and collars that can detect a
combination of increases in bouts of lying and decreases in rumination
chews.
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Figure 9.1 Frequency of tail-up behaviour (means +~ standard error) in rela-
tion to time around calving (reprinted from Journal of Veterinary Behavior, 9(6),
Eva Mainau, Anna Cuevas, José LuisRuiz-de-la-Torre, Elke Abbeloos, Xavier
Manteca, Effect of meloxicam administration after calving on milk production,
acute phase proteins, and behavior in dairy cows, 357-363, Copyright (2014),
with permission from Elsevier).

9.3 Difficult calving

In cows, calving usually lasts between 30 min and 4 h from the time the
amnion begins to protrude through the vulva to the expulsion of the calf.
Dystocia refers to difficult birth due to either a prolonged spontaneous
parturition or a severe (requiring the application of force by ropes or a
mechanical device to pull the calf) or prolonged assisted extraction. It
is associated with unacceptably high levels of pain.

Many studies have shown that calving difficulties occur at a low inci-
dence (from 2% to 5%). However, it has also been reported that as many
as 50% of calvings are assisted on some Swiss dairy farms, and that 24%
of calvings in the USA involved dystocia. In the UK, it is reported that
8.7% of calvings are assisted, although this proportion varied from 0%
to 57% across farms. This huge variability among countries and farms
is probably due to the variation in identifying calvings that need assis-
tance. In fact, this is not an easy task, as there is no standardized scale
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for measuring calving difficulty; additionally, more objective measures
are needed to help determine when assistance is truly beneficial.

Different scales have been developed to score the degree of calving dif-
ficulty. The force required to deliver the calf is one proposed way for
use in the field (Table 9.2 and Figure 9.2).

Table 9.2 Example of a calving difficulty scale.

Score Definition

1 No assistance
2 Easy pull by hand
Hard pull by ropes

N

Hard pull by mechanical calf puller

ol

Caesarean section

Figure 9.2 Difficult extraction (a) by ropes and (b) by a mechanical calf puller
due to disproportion between the size of the fetus and the diameter of the
dam'’s pelvis.

‘Dystocia refers to a difficult bivth due to either a prolonged spontaneous
parturition or a severe or prolonged assisted extraction. It is associated
with unacceptably high levels of pain’
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The two main causes of dystocia in cows are disproportion between the
size of the calf and the diameter of the pelvis (more common in heifers)
and malpresentation of the calf (more common in multiparous cows).

In general, dystocia is more frequent in heifers than in multiparous
cows, and delivery for a heifer is believed to be more painful and stress-
ful. This is due not only to the heifer’s lack of experience, but also to
the fact that calving tends to take longer in heifers than in multiparous
cows. The degree of effort associated with calving is usually greater in
heifers than in multiparous cows, especially during the early processes
of calving (stage I). Calving in heifers is also accompanied by a more
pronounced inflammatory response and a slower postpartum recovery
compared with that of multiparous cows.

A Caesarean section (CS) is potentially indicated in cases of dystocia
in order to reduce the probability of death of the cow and/or calf. Calf
malpresentation is the main reason for veterinarians to perform a CS.
Calf malpresentation is influenced by the presence of twins, the breed
of'the sire, the sex of the calf (males have twice the risk as females), and
fetal mortality. The success rate of CS and its impact on animal welfare
mainly depends on the operative technique. In a CS, the use of local
anaesthesia (procaine or lidocaine), alpha-2-agonists (such as xylazine),
and a non-steroidal anti-inflammatory drug (NSAID) is needed to control
pain.

9.3.1 Behavioural changes during difficult calving

Recent studies suggest that some behavioural traits could be used as
predictors of difficult calving or, at least, calving requiring human assis-
tance. The possibility of dystocia should be considered if any stage of
the calving is excessively prolonged, if atypical behaviour is observed at
a given stage, or if changes are observed in the frequency of otherwise
normal behaviours.
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Stage | (from dilation of the cervix to expulsion of amniotic
fluid)

A drastic reduction in food intake is one indicator of dystocia. The activ-
ity of cows increases quite dramatically prior to parturition. It has been
suggested that this increased restlessness may be due to discomfort, but
this behaviour might also be a part of the normal calving situation. An
increased frequency of certain behaviours, such as changes in posture,
kicking, scraping the ground, rubbing against the wall, or raising the tail
for longer before calving, is likewise an indicator of dystocia.

Stage Il (from expulsion of amniotic fluid to expulsion of
the calf)

In normal calvings, the abdominal contractions are often interrupted,
providing some rest. Longer abdominal contractions and higher fre-
quency of contractions are associated with dystocia. In dystocic calvings,
a high percentage of cows will stand before this stage is completed.

Stage Il (from expulsion of the calf to expulsion of the

placenta)

An association between difficult parturition and delayed standing of the
dam after parturition has been reported in cows. Nevertheless, more
research is needed in this area, because the management practice of
placing the newborn calf in front of the dam following an assisted deliv-
ery may contribute to longer periods of recumbency. The degree of
difficulty of the calving is reflected in the newborn’s behaviour, as calves
will take longer to stand up and to begin nursing after a difficult birth.

Vocalizations can be useful welfare indicators in conditions involving
pain. However, vocalizations during parturition are not always pres-
ent, perhaps as an adaptation to avoid attracting predators. Moreover, it
must be taken into account that vocal responses show great individual
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variability and can indicate states other than pain, such as hunger, isola-
tion, separation, or fear.

9.4 Health and productive consequences of
calving

Parturition is an intrinsically risky process for both the mother and the
offspring. The injury, trauma, and inflammation associated with partu-
rition (particularly in dystocia) can have important negative effects on
the health and productivity of dairy cows, and their effects can extend
into the following lactation.

9.4.1 Consequences for the cow

A reduction in food and water intake and consequent weight loss are
commonly seen in cows after calving, especially in heifers. Cows that
experience partum and postpartum disorders (e.g. dystocia, retained
placenta, or parturient paresis) have been found to reduce their dry
matter intake by 20% after calving. Increasing cows’ food intake after
parturition can minimize metabolic disorders and weight loss, and
improve their reproductive performance.

Feed intake and milk production are closely related. Cows with a higher
body condition score at calving produced more milk, containing higher
levels of fat and protein, in the first 90 days of lactation. Dystocic calving
significantly reduced milk production and milk fat and protein content.
In addition, milk production was reduced by an estimated 12% of the
potential yield in cows that needed a CS at parturition.

Health problems peak around parturition in cows. Around 10% of cows
have recto-vaginal injuries after calving. The risk factors for such inju-
ries are parity (heifers have a higher risk than multiparous cows), male
calves, and dystocic calvings. In some cases, recto-vaginal injuries lead
to faecal contamination, which may result in endometritis, which in
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turn can lead to lower fertility. Other possible consequences of calving,
especially dystocic calvings, are vulval discharges, metritis, and retained
placenta. Maternal mortality also peaks around parturition in cows.
Cow deaths increase by about 4% for all parity groups in cows with
very difficult calvings, compared with cows needing no assistance at
calving.

9.4.2 Consequences for the calf

Prolonged or difficult deliveries (without a CS) are associated with
increased calf mortality. For instance, malpresented calves are five times
as likely as normally presented calves to be stillborn. Perinatal mortal-
ity in calves ranges from 4% to 13%, and half of all pre-weaning deaths
occur within the first day of life. Newborns requiring assistance at par-
turition might develop a severe acidosis because of oxygen deprivation,
with subsequent effects on the function of vital organs and overall vital-
ity. Reduced vigour, poor thermoregulation, failure of passive transfer of
maternal immunity via colostrum intake, poor performance, and greater
susceptibility to infections are also important secondary problems asso-
ciated with neonatal asphyxia and acidosis.

9.5 Prevention and management
recommendations

Controllable factors such as the breed or strain of the sire and dam,
maternal feeding, and maternal body condition score at calving are
important aspects to consider in order to reduce the risk of dystocia
due to a disproportion between the size of the calf and the diameter of
the dam'’s pelvis. For instance, different strategies for maternal feeding
can avoid the adverse effect of under- or over-feeding during the last
trimester of pregnancy, which can affect birth weight and the deposition
of adipose tissue in the birth canal, with consequent increased risk of
dystocia and stillbirth.
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It is important to minimize situations liable to cause chronic stress, such
as competition for food, water, or a place to lie down. Ideally, prepartum
pens should include a resting area equivalent to 11 m?/cow and a feed-
ing area big enough for all cows to feed at the same time (minimum of
0.76 m length of feeder/cow). Additionally, each pen should have at
least two water points.

The cow should be monitored once an hour from the onset of stage I
of calving without disturbing her. Intervention is necessary only if any
stage of the calving process is excessively protracted and/or if atypi-
cal behaviour, or normal behaviour with an abnormal frequency, is
observed.

Individual calving stalls should be arranged so that the cows within can
make eye contact with other cows. This arrangement enables efficient
monitoring of calving by the stockperson, as well as proper expression
of maternal behaviours in postparturient dams. Individual stalls should
have a surface area of at least 12 m? be provided with straw bedding,
and be hygienic.

Group calving pens should never hold more than 25 cows each and
should be designed to allow cows in labour to be separated without hav-
ing to be removed from the pen. To facilitate this, a mobile barrier inside
the group calving pen is recommended. Be aware that separated areas
inside the group calving pen should be clean (Figure 9.3) and should
have water available.

Moving cows too early to an individual calving stall (or to a separated
area inside the calving pen) will affect the cleanliness of the calving envi-
ronment. If cows spend 3 or more days in the maternity unit, they are
at greater risk for elevated blood concentrations of non-esterified fatty
acids, ketosis, and displaced abomasum. It is recommended to move
cows to the maternity unit within 1 or 2 days prior to their expected
date of calving in order to provide an adequate environment for calving
and to detect abnormal calving early. However, as it can be difficult to
predict this pre-calving time accurately, it may be preferable to move
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Figure 9.3 Examples of a separated area inside a group calving pen: (a) clean;
(b) dirty.

cows that have already initiated calving (stage II) than to move cows that
are about to start calving (stage I). It is likely that any environmental
disturbance that occurs when the cow is moved may reduce or inhibit
uterine contractions if initiated in stage I of calving, but will cause only a
temporary decrease in uterine motility if initiated in stage IT of calving.

Dams should be allowed to lick and ingest the amniotic fluid on the calf.
Not only does this behaviour increase the calf’s vigour, it also helps to
reduce the pain caused by the calving in the dam because the amniotic
fluid contains certain compounds that enhance the analgesic action of
endogenous opioids.

In the peripartum period, the use of palliative pain treatments should
be considered. The administration of an NSAID following calving can
reduce pain and inflammation, improve the cow’s health and welfare,
and help to maintain or increase fertility and milk yield. Scientific data
on the impact of analgesics following calving are, however, limited and
often contradictory.
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Cow-calf separation after calving

Concern from the public is growing regarding early cow—calf separation
after calving. The effects of early separation versus extended cow-calf
contact on the behaviour of cows and calves are mixed, and the vari-
ables measured to date make it difficult to draw strong conclusions
about overall welfare. Early separation (within 24 h postpartum) reduces
the acute distress responses of cows and calves. Nevertheless, longer
cow-calf contact typically has positive longer-term effects on calves,
promoting more normal social behaviour, reducing abnormal behaviour,
and sometimes reducing responses to stressors. In terms of productiv-
ity, allowing cows to nurse calves decreased the volume of milk available
for sale during the nursing period, but there is no consistent evidence of
reduced milk production over a longer period. Allowing a prolonged period
of nursing increased calf weight gain during the milk-feeding period. In
addition, prolonged cow—-calf contact has documented health benefits for
calves, namely, increased immunoglobulin absorption from colostrum, and
decreased mortality rates. Still, studies on the long-term effects of dam
rearing on behaviour, udder health, and farm economics are few.

In practice, the following free-contact cow-calf systems may be a viable
option for some producers, even in modern dairy systems.

«  Free-contact systems where the cow and calf have unrestricted
access to each other.

«  Restricted sucking systems allowing a short period of contact daily
only to nurse.

+  Half-day contact where the cow and calf are housed together during
the day or night.

- Foster cow systems where one cow nurses two to four calves, usually
without also being milked.

These free-contact cow-calf systems originate, to a large extent, from
practical developments and the experience of farmers who keep cows
and calves together (e.g. organic dairy farmers in Norway and Sweden).
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Additional research is needed to determine whether these systems are
practical options in modern dairy systems. There are several drawbacks
that need to be addressed: for example, management practices for wel-
fare-friendly weaning, how to establish a good human-calf relationship
with calves that are nursed, how to improve the milking procedure for
nursing cows, and how to control potential transmissible or contagious
diseases in cattle kept in mixed age groups.
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CHAPTER 10

Welfare of calves
until weaning

Dairy calves are exposed to a series of challenges straight after their
birth. They are separated from their mothers and usually kept individu-
ally in hutches until they are weaned and transferred to large groups.
During this period, many factors will challenge calves in many areas
that have an impact on their welfare, including nutrition, comfort,
health, and their emotional state.

10.1 Importance of sucking behaviour

Sucking is a natural behaviour that calves are highly motivated to
perform. If a natural behaviour such as sucking cannot be performed,
calves show a stress response, which can be identified by the expression
of abnormal behaviours.

In natural conditions, calves suck in several episodes of approximately
6-12 min, distributed throughout the day. Sucking increases the release
of enzymes (e.g. renin and pepsin) and hormones (e.g. insulin and
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cholecystokinin) that are important for digestion. In addition, sucking
stimulates the closure of the oesophageal groove, which ensures milk
goes directly to the abomasum; this prevents the milk from reaching
the rumen and causing abnormal fermentation that increases the risk
of diarrhoea. By contrast, if milk is provided from a bucket, calves spend
no more than approximately 1 min to drink the milk. For this reason,
straight after taking milk from a bucket, some calves show a redirected
sucking behaviour: they suck parts of the body of other calves or the
pen facilities, reproducing the same movements as in sucking. These
behaviours are indicative of a welfare deficiency that may be associated
with either the impossibility to suck or the provision of small quantities
of milk, or both. Feeding calves via an artificial nipple or teat rather than
a bucket or providing them with a non-nutritive artificial teat following
a milk meal may prevent these cross-sucking behaviours.

10.2 Problems related to housing

Calves are usually separated from their mothers early on after calving
and kept individually in small hutches that prevent contact with other
calves. The reason for this isolation is that calves kept in groups or
with close contact to other calves may develop cross-sucking behaviours
that are considered problematic or can injuriously affect their herd-
mates, such as navel or teat sucking or urine drinking. In addition, it is
thought that group housing may facilitate the transmission of disease
from sick calves. Nevertheless, rearing calves individually interrupts
the development of social behaviour and reduces the expression of
other behaviours, such as playing, which is considered an important
behaviour for calves.

‘Housing calves in small groups of two to four animals shows good ben-
efits in terms of welfare and growth’
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Group housing of calves is based on the principle that dairy cattle are
herd animals, and housing calves in groups allows the development of
social herd behaviour and interactions. Group housing also provides
the opportunity for calves to exercise and play within the group and
provides more calf-to-calf contact and enrichment stimulus, compared
with individual housing (Figure 10.1). Small groups of calves can be
managed successfully, but it is difficult to manage nutrition and control
disease in large groups. Large groups of calves (eight to ten animals per
group) show a higher incidence of enteric and/or respiratory diseases
and higher mortality rates than those housed in smaller groups before

Figure 10.1 Different
kinds of calf housing:
(a) individual hutches
and (b) as a large
group with automatic
feeding.
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weaning. However, calves housed in small groups of two to four ani-
mals show improvements in terms of growth and health compared with
calves housed either in large groups or individually.

Because calves spend most of their time lying down, the conditions of
the resting area are important for the calves’ welfare. Spaces for calves
must be constructed such that each calf can lie down and stand up,
rest, and self-groom without difficulty. Typically, the size of individual
hutches for calves until 8 weeks of age varies from 1.2 to 1.5 m width
and 2.0 to 2.4 m length. It is recommended that hutches have an outdoor
run, preferably of more than 2 m? enabling some contact with other
calves. The space required for calves in group pens varies according to
their weight. The recommended area ranges from 2 m?/calf (for calves
of 45 kg) to 5 m?/calf (for calves of 150 kg).

Bedding is usually provided within the pen to help with moisture con-
trol and to aid in maintaining the calves’ body temperature in colder
environments. Dryness and cleanliness (hygiene) are the most impor-
tant characteristics of the resting area, and pens for young calves are
usually fully bedded. Bedding is important to prevent calves experienc-
ing cold, as cold affects younger, sick, or injured animals much more
severely than it does to mature, healthy animals. Thermal comfort for
animals is quantified as the thermo-neutral zone (the range of ambient
temperatures at which the body temperature is maintained by normal
metabolism), which ranges from 15°C to 25°C for very young calves
(those in the first 2 months after birth). Bedding has been directly
related to the risk of developing pneumonia, and calves provided with
an abundant bed of straw show a lower risk of sickness. This could be
due to a lower maintenance energy requirement and a better perfor-
mance of the immune system. Straw and bark chips make good bedding
materials for calves, as they are absorbent materials with good insulat-
ing properties (Figure 10.2). Fine particles of sawdust and sand are not
recommended at all. Sand does not provide any insulating properties
and has poor absorbing ability.
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Figure 10.2 Calf bedded in dry straw in order to avoid heat loss.

10.3 Problems related to feeding

10.3.1 Colostrum

Calves require colostrum for disease prevention and nutrition. Colostrum
provides a highly digestible source of energy, protein, and antibod-
ies. The ingestion of a sufficient quantity of good-quality colostrum
immediately after birth is the most important factor that determines
the survival and health of calves. The three key factors for the optimal
transfer of maternal immunity via colostrum are the quality of the
colostrum (in terms of the immunoglobulin G (IgG) concentration), the
amount ingested, and the efficiency of absorption of the IgG within
the colostrum by the small intestine. If colostrum is not obtained by the



136 Welfare of calves until weaning

calf sucking the dam, it is recommended to milk the dam immediately
after calving and to give the calf 3-4 litres of colostrum at body tem-
perature through a nipple bottle or (in weak calves or those with a poor
sucking reflex) via an oesophageal feeder tube. Research has shown that
colostral IgG concentration decreases by 3.7% each hour post-calving.
For this reason, colostrum should be obtained as soon as possible after
calving and never after 6 h post-calving.

‘The ingestion of a sufficient quantity of colostrum of good quality
after birth is the most important factor that determines the health and
survival of calves’

10.3.2 Milk

Traditionally, it has been advised that sucking calves be fed a daily
amount of milk replacer equivalent to 10% of their body weight to pro-
mote feed consumption and allow early weaning. More recently, it has
been recommended to increase the intake of milk replacer to an amount
equivalent to 20% of'body weight in order to avoid chronic hunger. Feed
restriction can have long-lasting consequences for calves. Recent studies
suggest that calves that receive a greater amount of milk have a lower
incidence of pathologies and produce more milk in their first lactation.

10.3.3 Water

From 2-3 days of age, fresh water should be offered to all calves. Water
availability is important in terms of animal welfare to satisfy thirst,
and water intake is clearly related to feed consumption and rumen
development. Water goes directly into the rumen and creates the ideal
environment for fermentation by rumen bacteria. By contrast, milk or
milk replacer goes directly into the abomasum and does not contribute
to the development of the rumen. In young calves, water consumption
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has been reported to vary from 0.17 1/day to 1.1 1/day during the first
3 weeks of life, and can be even higher depending on the climate and
the calves’ health status. For instance, during heat stress or in animals
with diarrhoea, water intake can increase by between 25% and 50%.
Access to water also reduces cross-sucking behaviours, as water serves
as a form of environmental enrichment.

10.3.4 Starter concentrate and fibre

Calves should have access to clean and palatable starter concentrate
from 3 days of age onwards. Concentrates should be introduced by plac-
ing a small amount in a shallow bucket with the aim of encouraging
consumption.

Similarly, fibre may be introduced by day 3 of life, and should be avail-
able to all calves by 2 weeks of age. Fibre promotes the growth of the
muscular layer of the rumen and helps maintain the health of the
rumen lining through its abrasive effect, which prevents papillae clump-
ing together.

Fibre quality is very important for calf performance. Studies have shown
that providing pre-weaning calves with chopped forage such as oat or
ryegrass hay, triticale silage, and barley straw, separately from the
starter concentrate, improves their growth at weaning and is associated
with a greater intake of concentrate compared with calves that are not
provided with forage and those receiving alfalfa hay. The source of fibre
that is fed should, if possible, be different from the bedding, to reduce
the likelihood of calves eating contaminated bedding and consuming
pathogenic organisms at the same time.
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10.4 Problems related to health

The main diseases affecting calves are diarrhoea and pneumonia.
Diarrhoea is the main cause of illness during lactation, followed by
pneumonia, which becomes the main cause after weaning. Both dis-
eases significantly affect the welfare of calves and can have long-lasting
effects, not only on the growth of calves, but also on their future pro-
ductivity in adulthood. Both diseases are multifactorial; this means that
the disease is the result of a combination of numerous factors, in which
proper handling and the provision of colostrum play a fundamental role.

Causes of diarrhoea and respiratory disease

The cause of diarrhoea can be infectious or nutritional. Infectious diar-
rhoea is caused by viruses (rotavirus, coronavirus), bacteria (Escherichia
coli, Salmonella spp.), and parasites (coccidia, Cryptosporidium parvum),
all of which can act independently or in concert. Nutritional diarrhoea is
usually caused by stress due to a breakdown in the management routine
related to the administration of milk.

The infectious agents involved in respiratory problems include viruses
(respiratory syncytial virus, bovine herpesvirus (the agent of infectious
bovine rhinotracheitis)) and bacteria (Mannheimia haemolytica, Pasteurella
multocida, Mycoplasma bovis), among others.

10.4.1 Diarrhoea

Neonatal diarrhoea (scour) in calves is characterized by the acute appear-
ance of loose or watery faeces. It affects between 10% and 35% of sucking
calves and is responsible for more than 50% of pre-weaning deaths.
Diarrhoea causes lethargy and a gradual loss of appetite and growth.

After 1 or 2 days with diarrhoea, calves can become dehydrated and
lose between 5% and 12% of their body weight. As the calves become
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dehydrated, their clinical signs (sunken eyes, low skin elasticity, dry
mouth and nose, cold limbs and ears) are more pronounced, and
dehydration can cause death.

In calves with diarrhoea, food malabsorption increases the low comfort
temperature, meaning that they are more susceptible to cold tempera-
tures. A change in resting behaviour has also been described, at least
in small calves, and calves with diarrhoea can be seen more frequently
with their limbs under their body and their head resting to one side.
Diarrhoea can be accompanied by pain, and calves with diarrhoea often
adopt a pain-relieving posture, with a tucked-up abdomen and the tail
between the hind legs while they are standing. In addition to these
acute changes, several long-term consequences of diarrhoea have been
described in replacement heifers, including an increase in the age at
first calving and a lower milk production during the first lactation.

Although specific treatments are available for scour, depending on the
causal pathogen, in all cases it is important to ensure that calves receive:

e enough liquid and electrolytes to replace those lost in the faeces
¢ normal amounts of milk or milk replacer for as long as they want
to drink it.

10.4.2 Pneumonia

Pneumonia (inflammation of the lungs) is the second most common
health problem affecting young calves. Approximately 3% of live-born
calves die from pneumonia in the first 3 months of life. Pneumonia
is highly infectious, often affecting more than 50% of young calves in
a group. Pneumonia is a multifactorial disease, and the main factors
involved are presented in Figure 10.3.

Early symptoms of pneumonia are a reduced feed intake or appetite,
dullness, fever, and cough. Other later signs may include an increased
respiratory rate and nasal or ocular discharge.
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Viruses/
MANAGEMENT RISK FACTORS ENVIRONMENTAL RISK FACTORS

Poor colostrum intake
Poor nutritional status
Poor hygiene of the pens
High stocking density
Mixing of calves

Poor ventilation
Direct draughts onto calves
High humidity

Low environmental temperature

Figure 10.3 Main risk factors for pneumonia in calves.

10.4.3 Prevention and treatment

A number of steps can be taken to help prevent diseases in calves,
including diarrhoea and pneumonia.

e Ensure adequate colostrum intake.

® Avoid chronic hunger by offering milk or milk replacement in an
amount equivalent to 15-20% of the calves’ body weight.

e Allow calves to perform their natural sucking behaviour by using
nipples instead of buckets for feeding.

e Calves must have permanent access to clean, fresh water.

e  Offer optimal hygienic conditions and well-ventilated housing.

* Minimize stressful conditions such as rough handling, transport,
or mixing, as stress may increase the susceptibility of animals to
infectious agents.

e Sick animals must be separated from the rest of the group and
moved to hospital pens to be treated properly.

* Antibiotics do not work against parasites and viruses. However,
where bacterial involvement is suspected, antibiotic treatment is
required.

®  Vaccination should be considered. If the dams are vaccinated, they
will transfer maternal immunity through colostrum (as in the case
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Figure 10.4 Calf with diarrhoea showing sickness behaviour, which includes
lethargy, somnolence, decreased activity, and loss of appetite and thirst. The
calf's ears are lowered, a sign of pain.

of diarrhoea), or calves themselves can be vaccinated before the
period of greatest risk (as in the case of pneumonia at weaning).

e The administration of a non-steroidal anti-inflammatory drug
(NSAID) as an effective supportive therapy to reduce discomfort
and sickness behaviour is now increasingly being included as part of
the treatment of diarrhoea and pneumonia in calves (Figure 10.4).

10.5 Stress at weaning

Weaning is one of the most stressful periods for a calf. Under natu-
ral conditions, weaning occurs gradually between 7 and 14 months of
age, with the calf progressively increasing the time spent away from
the mother and replacing milk with solid feed (forage). By contrast, in
intensive conditions, calves are first separated from the mother the first
day and then weaned abruptly, usually at between 8 and 12 weeks of
age. Stress at the time of weaning is due to the combination of various
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stressors: nutritional (due to the absence of milk), environmental (due
to the change of housing) and social (due to mixing with unfamiliar
calves). As a result of the stress response, the competence of the calf’s
immune system is compromised, and feed intake is decreased; com-
bined, these changes increase the risk of illness. Behavioural changes
such as increased activity and vocalizations, and redirected sucking
behaviours, are indicators of stress at weaning.

‘Weaning is one of the most stressful periods for calves, as they have to
face nutritional, environmental, and social changes.

Stress has an additive effect, so it is recommended to reduce the num-
ber of sources of stress in critical periods such as weaning. A practical
strategy to decrease the stress response is to perform weaning in two
separate phases, progressively removing the milk first and changing the
housing pen thereafter. This practice improves the calves’ growth and
reduces the incidence of respiratory problems. Ideally, calves should be
placed in small groups that remain stable from birth onwards.

Gradual weaning may also improve the welfare of calves by allowing
them to progressively habituate, over 10-14 days, to the new feed. With
this strategy, calves progressively increase their ingestion of solid feed,
reducing frustration due to hunger and ultimately decreasing cross-sucking
behaviours.
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