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Animal Welfare Series Preface

Animal welfare is attracting increasing interest worldwide, but particularly from 
those in developed countries, who now have the knowledge and resources to be able 
to offer the best management systems for their farm animals, as well as potentially 
being able to offer plentiful resources for companion, zoo and laboratory animals. 
The increased attention given to farm animal welfare in the West derives largely 
from the fact that the relentless pursuit of financial reward and efficiency has led 
to the development of intensive animal production systems that challenge the 
conscience of many consumers in those countries. In developing countries, human 
survival is still a daily uncertainty, so that provision for animal welfare has to be 
balanced against human welfare. Welfare is usually provided for only if it supports 
the output of the animal, be it food, work, clothing, sport or companionship. In real-
ity, there are resources for all if they are properly husbanded in both developing and 
developed countries. The inequitable division of the world’s riches creates physical 
and psychological poverty for humans and animals alike in many parts of the world. 
Livestock are the world’s biggest land user (FAO, 2002) and the population is 
increasing rapidly to meet the need of an expanding human population. Populations 
of farm animals managed by humans are therefore increasing worldwide, and there 
is the tendency to allocate fewer resources to each animal. 

Increased attention to welfare issues is just as evident for companion, laborato-
ry, wild and zoo animals. Although the economics of welfare provision may be less 
critical than for farm animals, the key issues of provision of adequate food, water, a 
suitable environment, companionship and health remain as important as they are for 
farm animals. Of increasing importance is the ethical management of breeding pro-
grammes, now that genetic manipulation is more feasible, but there is less tolerance 
of deliberate breeding of animals with genetic abnormalities. However, the quest 
for producing novel genotypes has fascinated breeders for centuries, and where dog 
and cat breeders produced a variety of extreme forms with adverse effects on their 
welfare in earlier times, nowadays the quest is pursued in the laboratory, where the 
mouse is genetically manipulated with even more dramatic effects. 

The intimate connection between animal and owner or manager that was so 
essential in the past is rare nowadays, having been superseded by technologically 
efficient production systems, where animals on farms and in laboratories are tended 
by increasingly few humans in the drive to enhance labour efficiency. With today’s 
busy lifestyle, pets too may suffer from reduced contact with humans, although 
their value in providing companionship, particularly for certain groups such as the 
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elderly, is increasingly recognised. Consumers also rarely have any contact with the 
animals that produce their food. In this estranged, efficient world man struggles to 
find the moral imperatives to determine the level of welfare that he should afford to 
animals within his charge. Some, and in particular many of the companion animal 
owners, aim for what they believe to be the highest levels of welfare provision, 
while others, deliberately or through ignorance, keep animals in impoverished 
conditions or even dangerously close to death. Religious beliefs and directives 
encouraging us to care for animals have often been cast aside in an act of supreme 
human self-confidence, stemming largely from the accelerating pace of scientific 
development. Instead, today’s moral codes are derived as much from media reports 
of animal abuse and the assurances that we receive from supermarkets, that ani-
mals used for their products have not suffered in any way. The young were always 
exhorted to be kind to animals through exposure to fables, whose moral message 
was the benevolent treatment of animals. Such messages are today enlivened by 
the powerful images of modern technology, but essentially still alert children to the 
wrongs associated with animal abuse.  

This series has been designed to provide academic texts discussing the provi-
sion for the welfare of the major animal species that are managed and cared for 
by humans. They are not detailed blue-prints for the management of each species, 
rather they describe and consider the major welfare concerns of the species, often 
in relation to the wild progenitors of the managed animals. Welfare is considered in 
relation to the animal’s needs, concentrating on nutrition, behaviour, reproduction 
and the physical and social environment. Economic effects of animal welfare provi-
sion are also considered where relevant, and key areas requiring further research. 

In this volume four of the world’s leading scientists in the field, Drs Jeffrey 
Rushen, Anne Marie de Passillé, Marina von Keyserlingk and Dan Weary, present 
a challenging account of the welfare issues facing dairy and beef cattle. Drawing 
on their detailed knowledge of the behavioural and physiological correlates of wel-
fare in cattle, they provide an account of the major issues facing one of the most 
important of agricultural species. 

With the growing pace of knowledge in this new area of research, it is hoped 
that this series will provide a timely and much-needed set of texts for researchers, 
lecturers, practitioners, and students. My thanks are particularly due to the publish-
ers for their support, and to the authors and editors for their hard work in producing 
the texts on time and in good order.

Clive Phillips, Series Editor, 
Professor of Animal Welfare and Director, Centre for Animal Welfare and Ethics, 
School of Veterinary Science, University of Queensland, Australia

Reference
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Chapter 1
Introduction: What is Animal Welfare?

1 Introduction

Concern about the welfare of farm animals is nothing new – farmers and veterinarians 
have always been concerned about the condition of animals in their care and have 
tried to ensure that they are healthy and well nourished. In this older tradition of 
 animal care, good welfare is seen largely as the absence of pain, illness or injury, and 
the focus is upon protecting the welfare of individual animals, especially ensuring 
that sick animals receive timely and effective care. The more recent interest in farm 
animal welfare, however, stems largely from the public concern about some modern 
farming techniques, especially the use of intensive husbandry (Figure 1.1).

In many modern farms, especially in the industrialized world, animals are 
housed indoors in apparently “unnatural” conditions, with limited space and often 
a limited ability to engage in social interactions and other natural behaviours. The 
more recent concerns of the public are with widespread and accepted industry prac-
tices rather than with individual acts of cruelty or neglect, and they focus upon 
whole “systems” of housing and management, as much as the health of individual 
animals. A convenient date to time the beginning of this more recent tradition in 
animal welfare, at least within the English-speaking parts of the world, is with the 
publication of Animal Factories by Ruth Harrison (1964). Similar developments 
occurred in other countries, for example, the writings of Astrid Lindgren (www.
astridlindgren.com), a popular author of children’s stories, were instrumental in 
encouraging the Swedish government to enact animal welfare legislation. One 
 concern raised by Lindgren was indoor housing of cattle all year round rather than 
just in winter. Her position on this later influenced Swedish legislation providing 
cattle-grazing “rights” in the summer months.

In response to public expressions of concern about the welfare of animals in 
modern farming conditions, the British Government established the Brambell com-
mittee (Brambell, 1965) to “enquire into the welfare of animals kept under inten-
sive husbandry systems”. The Brambell report to the UK Government was one of 
the most influential writings on animal welfare. The views expressed on animal 
welfare, and the particular issues and concerns that were examined by the committee,
had a great influence on the topics and the nature of the subsequent research into 
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2 1 Introduction: What is Animal Welfare?

animal welfare that was done. For example, the Brambell report drew particular 
attention to the problems of behavioural restriction that resulted from intensive, 
indoor housing systems. In the appendix to this report, Thorpe (an ethologist) 
wrote: “we must draw the line at conditions which completely suppress all or nearly 
all the natural, instinctive urges and behaviour patterns characteristic of actions…as 

Figure 1.1 Our ideas of what is best for animal welfare are affected by what we know (or think 
we know) of how they live under “natural” conditions. Keeping animals in conditions which 
appear unnatural, in which they cannot perform many of their normal behaviours, is one of the 
factors that raises concern about animal welfare. For cattle, a “natural life” generally involves 
grazing in fields or on pasture, with young calves suckling from their mothers. However, cattle 
are increasingly being housed indoors without access to pasture and dairy calves are typically 
separated from their mothers at birth. Many members of the public are disquieted by such types 
of housing systems. However, we should not assume that animals housed extensively or in appar-
ently natural conditions do not have welfare problems. They do, even though these may be differ-
ent from welfare problems facing animals housed indoors



2 The Legislative Approach 3

found in the ancestral wild species and which have been little, if at all, bred out in 
the process of domestication” (Brambell, 1965, p. 79). This interest in behavioural 
deprivation, which was not a topic in traditional veterinary science or animal 
 science education, led many researchers in animal welfare to focus attention on 
behavioural problems. This focus on behaviour and behavioural deprivation has 
been highly contentious, and we discuss some of the issues in using behavioural 
indicators of animal welfare in Chapter 4.

The Brambell committee identified a number of welfare concerns for cattle pro-
duction. These focused mainly on calves and included the early separation of cow 
from calf, disease incidence in early weaned calves, and cross-sucking among milk-
fed calves. The strongest concerns were with the methods used in veal production, 
especially the restriction of movement and of social contact imposed by the veal crate 
and the low iron diet, with the risk of anaemia. The committee concluded that “the 
methods of rearing calves in the ‘white’ veal industry do not conform to the principles 
of welfare” that the committee had adopted (p. 40). Recommendations were made to 
provide roughage daily, to prohibit close tethering of calves, except for short periods, 
to increase the size of pens used for individual calves and to provide bedding. The 
report also expressed some concerns with intensive beef production, notably the use 
of individual tethering and totally slatted floors, high stocking densities in pens, and 
the high incidence of liver disorders that results from the use of high-grain diets. 
Interestingly, the report did not include dairy cattle on the grounds that there had been 
few expressions of public anxiety over the welfare of dairy cows and that the evidence 
was that “no other kind of farm livestock is so well cared for” (p. 35). In the second 
section of this book, we focus upon some of the major challenges to the welfare of 
cattle, and find that many of the topics raised by the Brambell committee are still with 
us. We also discuss important welfare problems not recognized by the Brambell com-
mittee, including those facing dairy cattle today.

2 The Legislative Approach

Governments of many European countries responded to the public concerns about 
animal welfare by adopting legislation that prohibited certain practices. The 
Swedish and Swiss regulations were among the earliest and perhaps the most nota-
ble in explicitly dealing with the problems of behavioural deprivation and in laying 
down in detail which practices would no longer be tolerated. For example, The 
Swiss Animal Protection Ordinance of 1978/1998 states that animals “shall be kept 
in such a manner as not to interfere with…their behaviour” and, when dealing with 
cattle, states that calves must be kept in groups from 2 weeks to 4 months of age 
and that cows in loose-housing systems must not exceed the number of lying stalls 
available, among other provisions.

Similar animal welfare legislation was adopted in other European countries and 
formed the basis for subsequent European Union (EU) legislation. The European 
Convention for the Protection of Animals Kept for Farming Purposes of 1978 



4 1 Introduction: What is Animal Welfare?

focused upon the importance of avoiding suffering and ensuring that housing, 
nutrition, and management systems should be appropriate to animal’s “physiologi-
cal and ethological needs in accordance with…scientific knowledge”. These last 
requirements, especially the reference to “ethological needs”, precipitated consid-
erable scientific research aimed at better understanding such needs and how these 
differ among species. The involvement of scientists in the debate led to attempts to 
improve the definition of welfare to make it more amenable to scientific research. 
Unfortunately this resulted in some definitions that suited scientists by, for exam-
ple, redefining animal welfare to make it easier to measure (discussed in more 
detail by Rushen, 2003). However, definitions often failed to properly address the 
full range of societal concerns.

In EU legislation, cattle have generally received less attention than other species, 
such as pigs and poultry, and legislation dealing specifically with cattle has focused 
most upon calves, especially veal calves. The Council of the European Communities 
Directive “laying down minimum standards for the protection of calves” of 1991 
and its amendment in 1997, specified space allowances, types of flooring, iron 
content of diets etc. and, perhaps most controversially, prohibited the individual 
housing of calves over the age of 8 weeks, except in the case of veterinary treat-
ment. Cattle are also covered by EU directives covering the transport and slaughter 
of animals.

It is beyond the scope of this book to describe and evaluate all laws regarding 
the welfare of cattle. Fraser (2006) provides a good discussion of the advantages 
and disadvantages of the legislative approach to dealing with animal welfare 
(Table 1.1). We mention them because the legislative approach to dealing with ani-
mal welfare set the agenda for much of the research that was done, either in prepa-
ration for the legislation or subsequently (Rushen, 2003). For example, much 
research effort was directed at developing a scientific conception and methodology 

Table 1.1 Animal welfare issues have been dealt with at a societal level in a number of ways. 
Most European countries have adopted animal welfare legislation, but this has been resisted in 
North America. Many food retailers have implemented quality assurance (QA) schemes to assure 
their customers that the products they buy have come from animals that have been humanely han-
dled. There are a variety of labelling schemes that attempt to differentiate products from farms that 
use special rearing methods thought to be better for animal welfare. Finally, there are a variety of 
voluntary codes that farmers can follow. However, these different approaches all have their own 
advantages and disadvantages (Based on the discussion in Fraser, 2006.)

Degree to which 
programmes are Legislation

Corporate QA 
schemes Labelling

Voluntary 
codes

Supported by 
agricultural industry 

No Yes or No Yes or No Yes

Easy to implement No Yes No Yes
Enforceable Yes Yes Yes No
Comprehensive in 

application
Yes No No Yes



for dealing with “ethological needs”, as these were controversial aspects of the 
welfare legislation. This research has proved to be of broad value in improving our 
understanding of the effects of husbandry practices and housing systems on cattle 
welfare, topics which are addressed in detail in this book.

The effect of legislative action on animal welfare research was not always 
 positive. Much of the research was based upon comparisons of different types of 
housing systems, for example, group housing of veal calves versus the individual 
stalls, since this was a focus of legislation. Unfortunately, such studies often 
involved a comparison using only one farm of each type. The underlying assumption 
seemed to be that the type of housing “system” was the predominant factor 
 influencing animal welfare. Consequently, it was assumed that one farm could serve 
as an example for all farms of that type of housing system, and that it was  meaningful 
to talk of the average level of animal welfare within each type of housing system. 
However, it has become apparent that the level of animal welfare within each type 
of housing system is strongly dependent upon the type of management and 
 stockmanship, and upon the details of the housing system. Consequently, it is often 
meaningless to talk of “average” levels of welfare with different housing systems, 
especially when such comparisons are based on just one or few farms. It may be 
more useful to talk of the capacity of different housing systems to provide an 
 acceptable level of animal welfare. We discuss the difficulties in comparing  different 
housing systems for their effect on animal welfare in Chapter 6.

3 Animal Welfare as a Consumer Concern

A complementary approach to improving animal welfare comes from the recogni-
tion that animal-welfare concerns can affect the buying habits of consumers. 
Surveys undertaken in the EU show that consumers often state that animal welfare 
issues are important to them in making purchasing decisions, although sometimes 
these are of secondary importance compared to food safety, taste, and nutrition (e.g. 
Weatherell et al., 2003; Grunert et al., 2004). Many consumers feel that information 
about the production system, including animal welfare, should be part of product 
labelling (Bernues et al., 2003). Stated preferences do not necessarily translate into 
changes in consumer behaviour, however, at least when there is a price differential 
among products (Webster, 2001). For example, there is little evidence that interest 
or concern with animal welfare issues affect general consumption of meat products 
such as beef (Mannion et al., 2000). Webster (2001) makes the telling point that 
radical improvements in the welfare of farm animals could be achieved if consum-
ers were willing to accept an almost imperceptible increase in the price of food. 
However, while animal welfare issues may not have a marked effect on the day-
to-day buying habits of the majority of consumers, animal welfare can be a “sleep-
ing issue” that has potential to affect buying habits at moments of crises, somewhat 
like food-safety issues (Grunert et al., 2004). Furthermore, it is clear that subgroups 
of consumers are emerging who are concerned with a range of “civic” issues and 
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6 1 Introduction: What is Animal Welfare?

that these concerns can influence purchasing decisions for this (sometimes sizea-
ble) segment of the population (Weatherell et al., 2003). This has led to the develop-
ment of niche-markets, of which that for organic, ecological, or biological products 
is the most successful. Interestingly, concern about animal welfare issues appears 
to be one of the main reasons that consumers do buy organic animal products, 
especially in the UK (Grunert et al., 2004) and is one factor leading consumers to 
prefer food considered to be locally produced (Weatherell et al., 2003).

The recognition of these civic concerns has led to a proliferation of “quality 
assurance” schemes that try to assure consumers that the products they buy are 
 produced according to practices that do respect the environment, animal welfare, etc. 
Quality-assurance (QA) schemes that specifically deal with animal welfare now 
exist in a number of countries, many having been developed by food retailers 
(Fraser, 2006). In addition, the majority of standards for organic animal production 
contain provisions regarding animal welfare (Vaarst et al., 2003). The use of animal 
welfare standards developed by food retailers is now the main way of dealing with 
animal welfare issues in North America, and has resulted in definite improvements 
in some limited aspects of the ways that animals are housed and slaughtered (Mench, 
2003; Fraser, 2006). The most successful independent scheme is probably the Royal 
Society for the Prevention of Cruelty to Animal’s (RSPCA) Freedom Foods that 
provides standards for beef, and dairy cattle. Such schemes have led to the development
of animal welfare audits (e.g. Grandin, 2002) and indices (e.g. Bartussek, 1999; von 
Borell et al., 2001) that attempt to assess animal welfare on-farm or during transport 
and slaughter.

The development of these QA schemes and animal welfare audits and indices has 
affected the way that research in animal welfare is done. More specifically, there is 
interest in finding ways to assess the welfare of animals in “real life”, i.e. on com-
mercial operations, such as on individual farms or abattoirs. The aim is to ensure that 
the animal welfare standards are adequate and are being respected by individual 
farmers, truckers, or slaughter plants. In some cases, these QA schemes deliberately 
avoid dealing with contentious issues, such as whether or not individual housing of 
calves should be allowed, and instead seek to define the conditions under which 
maximum welfare can be achieved within each type of housing system.

Unfortunately, assessing animal welfare on commercial operations is more dif-
ficult than assessing welfare in more controlled, experimental conditions. Often the 
focus is upon “how” something is done (e.g. the way in which calves are dehorned 
and the care taken in doing the procedure) as much as upon “what” is done (e.g. the 
fact that calves are dehorned at all).

4 What is Animal Welfare?

Animal welfare advocates are often vocal about their concerns, making these rela-
tively easy to describe. Table 1.2 illustrates some of the aspects of dairy, beef, and 
veal production that are often referred to.



We do not wish to prejudge the extent that these concerns are justified: these will 
be evaluated in the second part of this book. The table simply illustrates the wide 
range of concerns that have been expressed. Consumers, legislators, and the general 
public have taken an interest in animal welfare, and any scientific approaches to the 
improving welfare must address the full range of concerns. In this way animal wel-
fare science differs from many other branches of science: it is not driven primarily 
by curiosity (like astronomy), or primarily by economic opportunities (like applied 
electronics), but rather by ethical and societal concerns. Fraser and Weary (2004) 
present a more complete discussion of the unusual aspects of this branch of scien-
tific enquiry.

Three types of concern about animal welfare are typically heard: those that 
involve the biological functioning of the animal, those that involve how the animal 
is “feeling”, that is with the animal’s affective or emotional state, and those that 
involve the ability of the animal to live a “natural” life (Fraser, 2003, 2006). People 
concerned with the biological functioning of the animal (most often veterinarians 
and farmers) generally focus on disease, injury, poor growth rates, and reproductive 
problems. There is little disagreement about whether such problems are of welfare 
concern, and much research in animal welfare has focused on these issues as 
described in Chapters 2 and 3. People concerned more with the affective state, or the 
emotions of the animal, focus upon whether the animals are suffering from unpleas-
ant feelings, such as pain, fear, or hunger. These obviously aversive experiences have 
received much attention from researchers (discussed in Chapters 4 and 5), but some 
effort has been made to come to grips with more subtle emotions, such as boredom 
or frustration, as well as pleasure and other positive states. It is now widely accepted 

Table 1.2 Some of the main welfare concerns that have been expressed by  animal-
welfare groups about the welfare of cattle. The list is not exhaustive, but is meant to 
illustrate the wide-ranging nature of the issues

Veal calves
 – Inability to turn around or lie down comfortably due to small size of veal crates
 – Diets lacking adequate roughage or iron
 – Lack of opportunity for social contact
 – Early separation from mother
Beef cattle
 – Metabolic problems from high-grain diets (acidosis, laminitis, liver abscesses)
 – Rough handling
 – Pain from dehorning, castration, branding
 – Slaughter and stunning techniques (possibility of consciousness during slaughter)
 – Transport (long distance, live transport)
 – Feed lots (stocking densities, heat stress)
Dairy cattle
 – Lack of opportunity to graze
 – Metabolic problems and infectious disease following parturition
 – Lameness
 – Pain from dehorning
 – Use of BST to increase milk yield

4 What is Animal Welfare? 7



8 1 Introduction: What is Animal Welfare?

that the topic of animal sentience is a key one in understanding animal welfare, and 
that our concept of animal sentience will change continuously as a result of scientific 
and philosophical research in this area (Duncan, 2006).

For at least some people interested in animal welfare, a key concern is whether the 
animal is able to live a relatively natural life, and the issue of natural behaviour has 
been central to discussions of animal welfare (discussed further in Chapter 4). Natural 
living includes both allowing animals to live in a manner to which they are adapted 
and to develop in a manner that is normal for the species (Fraser and Weary, 2004).

Clearly these different types of concern about animal welfare can and do overlap 
(Fraser et al., 1997). A lactating dairy cow unable to seek shade on a hot day (natu-
ral behaviour), will likely feel uncomfortably hot (affective state), and may show 
signs of hyperthermia (biological functioning). In such cases, research directed at 
any or all the levels can help address the welfare problem. In other cases, overlap 
may be less obvious or the different concerns may even be in conflict. For example, 
housing dairy calves in groups allows them to engage in natural social interactions, 
but when poorly managed can lead to increased incidence of certain diseases or 
aggressive interactions (see Chapter 7). Different scientists can thus reach opposite 
conclusions about the relative advantages of different housing systems by favouring 
different welfare indicators (for a case study, see Fraser, 2003). Clearly the best 
research solutions will be those that address all concerns, for example, by creating 
group-housing systems for calves that avoid competition and allow calves to stay 
healthy. In this way these three types of concerns can be considered as a checklist 
to help researchers identify and solve the various welfare issues.

A widely cited “inclusive” approach is provided by the “Five Freedoms” 
(Webster, 2001; Mellor and Stafford, 2001). These are freedom from hunger and 
thirst, discomfort, pain, injury or disease, fear and distress, and the freedom to 
express normal behaviour. The five freedoms do not describe the criteria that must 
be fulfilled if any housing or management system is to achieve an acceptable level 
of welfare. It is unrealistic to think that animals (in any environment) could attain 
complete “freedom” in this respect. Rather, the five freedoms indicate a way of 
identifying welfare problems, and a direction in which we should move if we wish 
to improve welfare. An advantage of a clear statement of the main threats to animal 
welfare is that it gives some direction as to what needs to be measured. That is, we 
need indicators that address all of the five freedoms, not just one.

In contrast to the inclusive approach exemplified by the Five Freedoms, some 
authors have argued that the “essence” of animal welfare is best captured by a 
single type of concern. For example, Duncan (2002) argues that an animal’s wel-
fare depends on the animal’s affective state, so that a threat to animal welfare can 
be measured in terms of how much suffering it causes the animal (through pain, 
fear, frustration etc.), or how much it limits the animal’s ability to experience 
positive affect (i.e. pleasurable states). From this perspective, problems with 
 biological functioning (e.g. ill health or injury) or with natural behaviour (e.g. 
restricted ability to move or interact socially) are important to animal  welfare 
only to the extent that they lead to negative affect or restrict positive affect. 
However, such an approach ignores those whose concerns about animal welfare 



focus more on the animal’s ability to lead a natural life or on the  biological func-
tioning criteria. For example, organic producers argue that the ability of farm 
animals to lead reasonably natural lives is of inherent concern, not simply a way 
of avoiding certain types of suffering (Lund and Weary, 2003). Similarly, many 
veterinarians would argue that disease and injury are inherent threats to animal 
welfare, even in cases where these lead to little or no apparent pain or discomfort. 
In this book we take all three types of concern seriously, although much of the 
research (and hence much of our coverage) is focused on biological functioning 
(including measures of health and production covered in Chapters 2 and 3) and 
emotional or affective state (Chapter 4).

The published discussions about the different definitions of animal welfare often 
give the impression that there is little agreement on what constitutes good welfare. 
However, despite occasional disagreements between scientists, considerable con-
sensus does exist. Some recent examples show how consensus can be achieved 
using methods such as the Delphi technique. Two studies (Main et al., 2003a; Whay 
et al., 2003a) found considerable agreement between experts (veterinarians and 
behavioural scientists) as to which of two dairy farms had the higher level of wel-
fare, when they were presented with a variety of information about the state of the 
cows on the two farms. The results show that with appropriate techniques, people 
with experience in animal welfare are capable of integrating a variety of sources of 
information about animal welfare and can achieve a fair consensus on the level of 
welfare on the farm. Such techniques have heuristic values in making decisions 
about animal welfare even in the absence of a single definition of welfare.

Where genuine disagreement does exist, it often occurs when poorly  understood 
measures of welfare are used. Most often this involves disagreements about the 
relative importance of behavioural, physiological, and immunological measures of 
welfare. These we discuss further in Chapters 3 and 4. In contrast, there is little 
disagreement about the negative effects of poor health on animal welfare (Broom, 
2006). Finally,  disagreements tend to occur most often over the most complicated 
issues in animal welfare, for example, the relative advantages of different types of 
 housing  systems. In Chapter 6, we discuss why these housing system comparisons 
are particularly difficult to interpret. Finding ways of improving routine  procedures, 
such as branding or tail docking, or of making small improvements in animal 
housing, such as better flooring, tends to provoke far less disagreement.

5 Criteria for Judging Animal Welfare

One of the main issues addressed in this book is how to judge animal welfare. The 
criteria for assessing animal welfare are conventionally divided into those associated 
with the environment of the animal (input-based, engineering, or design criteria) ver-
sus those associated with the state of the animal (outcome-based or animal-based cri-
teria) (e.g. Rushen and de Passillé, 1992; Mench, 2003). Input-based criteria generally 
describe the environment of the animals including the way that animals are kept, fed 
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and managed, and include such aspects as the use of battery cages, space allowances, 
group size, and use of tethering. Outcome-based criteria attempt to directly assess the 
state of the animals, and include behavioural, physiological and immune measures, 
incidence of health problems, and production levels. Input-based criteria are usually 
favoured in animal welfare standards since they are easier to audit (Mench, 2003). For 
example, of the several hundred items in the RSPCA welfare standards for beef cattle, 
the majority describe the environment of the animals or the management practices. 
Only a handful of items describe the actual state of the animals, such as haemoglobin 
levels in calves, body-condition score and the incidence of various diseases. Similarly, 
the welfare standards being developed by US retailers are also heavily based on input-
based criteria (Mench, 2003).

A potential advantage of well-chosen input-based criteria is that these should 
 prevent welfare problems from occurring. Unfortunately, little is known about how 
specific input criteria actually relate to animal welfare although some research has 
attempted to address this link. For example, Main et al. (2003b) described how 
 animal-based measures of welfare differed on dairy farms that did or did not conform 
to the RSPCA Freedom Food standard that was based primarily on input criteria.

Input-based criteria make it difficult to establish the equivalence of animal wel-
fare standards in different countries because different countries may use quite differ-
ent housing systems or production techniques as well as different breeds of animals. 
It would be difficult, for example, to establish animal welfare standards for dairy 
cattle, based solely on input-based criteria, which would allow a comparison of the 
level of animal welfare in the pasture-based system of New Zealand, the large-scale 
indoor housing systems of North America, and the smaller-scale mixed indoor/pas-
ture systems of some European countries. In such cases, outcome-based criteria are 
preferable, since it should be possible to measure the actual state of the animals, 
irrespective of how they are housed or managed. Outcome-based criteria also come 
closer to demonstrating the actual level of animal welfare, and allow for corrective 
actions to be taken if welfare problems arise. Unfortunately, outcome-based criteria 
for animal welfare are sometimes impractical to measure in an audit, and there is 
controversy over which measures are most appropriate. It is increasingly clear that 
many endemic health problems represent some of the most serious welfare prob-
lems, especially for high-producing animals, and the incidence of these illnesses 
may be one of the most effective outcome-based indicators of animal welfare 
(Chapter 2). These include the incidence of lameness in dairy cattle, and rates of 
mortality and morbidity in dairy calves, veal calves, and feed-lot cattle. Part 1 of this 
book addresses the various outcome-based criteria for judging animal welfare.

6 Scope of the Book

In this book we review and discuss the research that has been done on the welfare of 
cattle. According to Webster (2001), a full understanding of animal welfare issues 
requires that we have (1) a scientific understanding of the factors that affect the 



 welfare of farm animals, (2) an understanding of the ethical or moral reasons why 
we should respect the welfare of farm animals, and (3) an understanding of the eco-
nomic forces that lead us to treat animals the way we do. This book focuses exclu-
sively on the first of these. We only address the other two issues when necessary to 
understand how or why research was done. Unlike some basic research, the eco-
nomic and ethical context of the debate about animal welfare has had a marked effect 
on how research on animal welfare is done and where the research is directed.

We cover dairy, veal, and beef production, although the fact that all four authors 
are more familiar with dairy production will be apparent in our coverage. Our cov-
erage is international, but more focused on issues related to production in the 
“industrialized” world, since this is where most research has been done. In addition, 
we focus more on intensive housing, not because extensive systems are free of 
welfare problems (Petherick, 2005), but because research has tended to concentrate 
on more intensive systems.

We have divided the book into two parts. Part 1 discusses various methods of 
assessing animal welfare, including behavioural, physiological, health, and produc-
tion measures. Part 2 discusses the main threats to the welfare of cattle, including 
those arising from the way the cattle are housed, the types of procedures we inflict 
on them, the interactions between the animals and the people that handle them, and 
the way the cattle are fed.

6 Scope of the Book 11



Part I
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Chapter 2
Health, Disease, and Productivity

1 Introduction

It seems evident that poor health can be a major cause of poor welfare in farm 
 animals and that the occurrence of illness can be used to assess animal welfare. 
Cattle of all ages, both in traditional and modern housing systems, and under 
 intensive and extensive management, suffer from a variety of endemic diseases, 
both infectious and non-infectious, as well as outbreaks of epidemic diseases, such 
as foot and mouth and BSE. Cattle also suffer from various forms of physical injury 
as a result of poor housing or management.

Health measures have long been recognized as potentially useful indicators of 
animal welfare and have figured prominently in assessments of cattle welfare (Broom, 
2006). However, researchers in animal welfare have often paid little attention to ani-
mal health problems (Rushen, 2003), perhaps because of difficulties obtaining data 
about the incidence of health problems in the different types of cattle production 
(Figure 2.1); for example, information on animal health is more available and more 
easily obtained for intensively housed cattle than for extensively managed ones.

In this chapter, we focus on the issues that arise when we try to use measures of 
the incidence or prevalence of illness as indicators of animal welfare. While it may 
seem obvious that illness or injury reduces welfare, we argue that there are a 
number of unresolved problems in using health measures to assess animal welfare. 
The main issues that we deal with are the difficulty in judging the relative impact 
on animal welfare of different forms of illness or injury, and the difficulty in 
 obtaining reliable and valid information on the occurrence of illness and injury, 
especially where welfare is being assessed in commercial settings.

As well as animal health, this chapter briefly touches on two, more problematic 
and controversial welfare indicators: productivity and reproductive success. Farmers 
and others involved in the industry often claim that, since dairy cows are producing 
enormous quantities of milk or that beef cattle are growing at prodigious rates, then 
their welfare must be satisfactory. In contrast, animal-welfare critics point out that 
increases in productivity often result from specific practices, such as the use of 
growth enhancers or BST, rather than reflecting the general welfare of the animal. 
Furthermore, there is increasing concern that the high level of productivity in modern 
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cattle production is itself a risk factor for welfare problems. This issue we discuss in 
Section 6 of this chapter.

Similarly, reduced reproductive success would seem promising in providing infor-
mation about poor welfare. There is much evidence that animals in poor  condition 
(e.g. those that are ill or suffering from chronic stress) are less likely to reproduce 
successfully. Critics of animal agriculture often argue that the low  reproductive rate 
of dairy cattle is an indicator of poor welfare. However, as we argue later, while poor 
welfare may indeed lead to lower reproductive success, it does not follow that high 
reproductive success indicates a lack of welfare problems.

2 Relationship of Animal Health to Animal Welfare

In animal agriculture, the importance of a disease is often judged by its direct eco-
nomic impact, but a broader view requires a better understanding of how different 
diseases affect animal welfare (Wells et al., 1998). Animal health problems are best 
related to animal welfare to the extent that they are associated with the animal’s 
suffering (Wells et al., 1998), either in the past, the present, or the future. While it 
may seem obvious that good welfare is dependent on good health, in order to be 
able to use measures of the incidence of different diseases to assess overall welfare, 
we need to be able to estimate the relative impact of these diseases.

Figure 2.1 Cattle suffer from a number of painful diseases, such as lameness, which potentially 
can be used in welfare assessment. However, many such diseases are not treated by a veterinarian 
and questions about the accuracy of the diagnosis and difficulties in obtaining accurate and reli-
able records of their incidence limit their usefulness in assessing animal welfare under commercial 
conditions



Ideally, we would be able to directly measure the amount of suffering caused to 
the animal, but at present this is not feasible. An indirect approach is to  compare dif-
ferent diseases by the severity of the symptoms. Severity can be assessed by the dura-
tion of the disease and the likelihood of the disease causing death. Another approach 
is to examine any common symptoms that different  diseases may have. For example, 
reductions in feed intake and general activity and increased time spent resting are 
behavioural changes that accompany a wide number of illness in many species (see 
Section 5 of this chapter and Chapter 4), such that the relative severity of illnesses 
might be judged by comparing the  relative magnitude of these changes.

Some data is available to let us judge the relative impact of different diseases of dairy 
cattle. For lactating cows, many illnesses reduce milk production and feed intake. By 
examining detailed records of milk production and feed intake from a research farm, 
Bareille et al. (2003) were able to estimate both the likely durations and the effects on 
milk production and feed intake of various diseases, as  illustrated in Table 2.1.

The diseases are ranked according to a rough measure of their severity, based on 
the combined loss of milk and the reduction in feed intake. For example, foot 
lesions associated with lameness were found to affect milk production for a total of 
117 days, leading to a cumulative loss of milk of almost 77 kg and a cumulative 
reduction in feed intake of almost 28 kg (dry matter). Lameness associated with 
hock lesions affected milk production for over 130 days, reducing milk yield by 
109 kg and feed intake by 48 kg. In contrast, localized mastitis (not shown in Table 
2.1) affected the cow for 54 days, reducing milk yield by 13 kg and feed intake by 
only 2 kg. Thus, according to this approach, localized mastitis may have fewer 
 detrimental effects than lameness on cow welfare.
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Table 2.1 Effects of different diseases of dairy cows on milk production and feed intake. The 
diseases are ordered by averaging their ranking for the effect on milk production and the ranking 
for the effect on food intake

 Duration1 Lost Milk2 Reduced feed3

Hock injury 131 109 48
Systemic mastitis 143 160 30
Acute metritis 145 57 47
Ketosis 131 20 72
Very difficult calving 70 52 43
Hoof lesions 117 77 28
Milk fever 52 45 38
Teat injury 63 155 5
Chronic metritis 104 39 18
Difficult calving 98 6 37
Retained placenta 56 33 10
Local mastitis 54 13 2
1Duration of effect based on data in Bareille et al., (2003). This estimate is the largest of the effects 
on either milk production or feed intake.
2Estimate of the cumulative loss of milk production (kg) due to the disease. Based on data 
 presented in Table 3 of Bareille et al. (2003).
3Estimate of the cumulative reduction in feed intake (kg dry matter) due to the disease. Based on 
data presented in Table 4 of Bareille et al. (2003).
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This type of data has some potential in evaluating the relative effects of different 
diseases on cattle welfare, but there are difficulties that must be considered. First, 
certain diseases, such as afflictions of the udder, may have pronounced local effects 
but little overall effect on the cow. For example, in the study reviewed above, teat 
injuries had a very large effect on milk production but relatively little effect on feed 
intake (Table 2.1). In contrast, metabolic diseases such as ketosis have relatively 
little influence on milk production but large effects on feed intake (Table 2.1). 
Second, the reliability of estimates of the effects of the diseases on milk production 
is uncertain. Other estimates (e.g. Ostergaard and Sorensen, 1998; Gröhn et al., 
2003) of the impact of diseases on milk production differ somewhat from those of 
Bareille et al. (2003). Third, we need a better way of weighting the different 
 symptoms. Table 2.1 is derived simply by ranking each disease and giving equal 
weight to the effects on milk production and feed intake with no justification for 
this weighting.

An alternative means of assessing the impact of illness or injury upon animal 
welfare is to ask the experts. While this may seem an unhappily subjective approach 
to some (who are the “experts”?), this provides a means forward when it is difficult 
or impossible to obtain more objective information, and a number of procedures 
have been developed to determine what consensus there is among experts.

Whay and colleagues conducted a Delphi exercise, involving repeated 
 consultation with a panel of animal-welfare researchers and veterinarians who were 
asked to rank various animal-welfare parameters, including health problems, in 
terms of their importance for animal welfare. The results of this exercise were then 
used to assess a number of dairy farms in the UK (Main et al., 2003a; Whay et al., 
2003a). The results were then given to a further panel of 50 experts who in turn 
were asked to determine the severity of each welfare parameter and whether some 
intervention was required to rectify the situation. This gives some idea of the 
 relative importance the experts felt each welfare indicator had for animal welfare. 
A large majority (at least 75%) of the experts felt intervention was needed in the 
case of mastitis when the incidence was between 27% and 29% (which involved 
the worst 60% of farms). In the case of lameness, the majority of experts felt that 
some intervention was called for when the incidence was around 18% (i.e. on the 
worst 80% of farms). This indicates that, generally, the experts felt that lameness 
represented a more severe threat to welfare than mastitis.

These results are, of course, limited by what the experts know; the importance 
of some diseases is likely to be underestimated. Also judgements will be affected 
by what the experts are used to. For example, mastitis was judged by the experts 
to be less important than lameness in terms of its impact on animal welfare 
 perhaps because many experts now consider a high incidence of this disease to 
be the norm.

Clearly, to understand the relative impact of different animal disease on animal 
welfare, we need better data on the duration and severity of the full range of 
 symptoms of each disease. Until then, we may need to rely on techniques for obtain-
ing “expert opinion” on the importance of various diseases for animal welfare.



3 Reliability and Validity of Measures of Animal Health

Even where we have good grounds for believing that a disease has a marked effect 
on animal welfare, to use the occurrence of this disease to assess animal welfare, 
we must be able to obtain valid and reliable measures of its occurrence. Work on 
limited numbers of research herds allows easy and continuous access to consist-
ently managed animals, which greatly increases the chance of obtaining reliable 
data. In epidemiological research, large numbers of herds and animals are available, 
but continuous access to these animals is difficult and many differences among 
farms cannot be controlled or even assessed by the researcher.

3.1 Incidence and Prevalence

The frequencies of different diseases or health problems are usually assessed by 
measuring either the prevalence or the incidence. Prevalence is assessed by deter-
mining the number of cases (i.e. the number of animals that suffer from a disease) 
at any one point in time. Incidence is assessed by the number of new cases that 
develop over a given period of time. The period of time over which incidence is 
assessed will vary according to the nature of the ailment; for example, this can be 
over a year, lactation, or other stage of production. For chronic illness, where the 
duration of the illness is long, the prevalence is often higher than the incidence, 
since the latter is based only on new cases, whereas measures of prevalence will 
include all cases (new and ongoing). However, many illnesses of cattle are rela-
tively short lasting and in such cases measures of incidence will be higher than 
those of prevalence. In terms of assessing welfare, measures of prevalence and 
incidence each have their own advantages and drawbacks.

The main advantage with a measure of prevalence is that it can be taken during 
one or a few visits. This is important when researchers do not have continuous access 
to animals, for example, when animals are housed extensively and are rounded up 
only a few times a year. The main problem with measures of prevalence concerns the 
adequacy of sampling, since the occurrence of illness fluctuates over time. The preva-
lence of an illness at any one point in time may be affected by a number of factors 
that can vary from visit to visit. The adequacy of a single-time sample will depend 
upon the duration of the illness; short-lasting illnesses are more likely to be missed, 
and prevalence measures of mortality are not possible. Furthermore, most illness is 
not randomly distributed over time: there is often marked seasonal or monthly varia-
tion in the incidence of diseases (e.g. Whitaker et al., 2000).

Measures of incidence involve the collection of data on the number of animals 
that become ill over a period of time and hence represent a more complete sample 
than do measures of prevalence. However, there is a practical difficulty in collecting 
such data: researchers must often rely on data collected by others, such as herdsmen, 
and any problems in record keeping or diagnosis will reduce the value of the data.

3 Reliability and Validity of Measures of Animal Health 19
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3.2 Validity and Reliability of Diagnosis

The reliability of recognition of disease and injury will depend greatly upon the skill 
and training of the observer, and performance can be improved by using well-defined 
diagnostic procedures. Some researchers rely upon records kept of veterinary treatment, 
but the quality of these records depends on the accuracy of the diagnostic procedure and 
the consistency with which it was applied, and these records likely underestimate the 
incidence of many diseases. For example, in Denmark, the incidence of veterinary 
 treatment for hoof problems (hoof lesions or digital dermatitis) is around 1–2% (Alban 
et al., 1996) and for lameness 7% (Alban, 1995) even though direct recording of sole 
disorders at hoof trimming found an average incidence of 38% (Vaarst et al., 1998). 
One study of respiratory diseases in unweaned dairy calves showed that only 28% of 
cases were treated by a veterinarian (Svensson et al., 2003).

The decision whether to treat animals suffering from the more common diseases 
is most often made by the farmer and so depends greatly on the farmer’s ability to 
correctly diagnose the disease and develop a treatment plan. This will vary greatly 
from farm to farm and from illness to illness. For example, because mastitis 
has immediate effects on milk revenue, cows with mastitis are more likely to be 
treated than cows suffering from lameness. Thus measures of treatment likely 
 underestimate the incidence of some diseases and likely reflect the perceived 
economic return on the cost of treatment.

Even when treatment occurs accurate records may not always be kept. 
Scandinavian countries typically have a centralized data bank recording all 
 veterinary treatments of farm animals (Ekesbo et al., 1994), and these have 
been used to assess the incidence of various diseases of dairy cattle and to relate 
these to various management practices in Denmark (Alban et al., 1996; Bruun et al.,
2002), Finland (Schnier et al., 2002), Sweden (Manske et al., 2002), and Norway
(Waage et al., 1998). However, such systems are not in use in other countries.
Some  countries require only that any treatments involving antibiotics be recorded. 
Some alternative health-recording systems are available, such as the National 
Animal Health Monitoring System of the US Department of Agriculture (Loneragan 
et al., 2001) and the various dairy-herd systems, but these usually rely on voluntary 
 membership by the farmer. In most cases, data on the incidence of illness relies on 
the farmer making the diagnosis and keeping records.

Given the relative rarity of veterinary treatments for many diseases, most on-farm 
assessments of welfare rely upon the farmer’s diagnosis. However, the accuracy of 
these will depend upon the farmer’s skill, diligence, the amount of time  available 
and the effectiveness of the recording method used. Farmers themselves  underestimate 
the occurrence of some illness. For example, Whay et al. (2003b) reported that UK 
dairy farmers estimated the prevalence of lameness on their farms at 5.7%, whereas 
estimates of prevalence based on systematic gait scoring was 22%. Farmers may 
also change how they perceive a disease and even how they manage their cattle once 
they are asked to report on health problems (Ducrot et al., 1998).

As well as the difficulties in diagnosis of illness, farmers will vary in the quality 
of the records they keep. Studies typically report that up to 20% of records have to 



be excluded because of doubts about the validity of the data or because of poor or 
incomplete record keeping (Wells et al., 1996; Fourichon et al., 2001; Loneragan 
et al., 2001). The effectiveness of farmers’ records will likely vary according to how 
they are kept, e.g. daily record keeping is likely to produce more valid data than 
when farmers are asked retrospectively to describe causes of death or illness. It is 
particularly troublesome if the quality of the diagnosis is related to the incidence of 
the illness on the farm. Loneragan et al. (2001) found that feedlots that reliably and 
regularly supplied data on mortality rates tended to have a lower rate of mortality 
than feedlots that only irregularly supplied data, and Schnier et al. (2002) found a 
trend for higher rates of mastitis among the farms that did not agree to participate in 
a study of dairy cow health problems. Thus, farms excluded because of poor or 
unreliable records may have poorer levels of animal welfare than those included.

Moreover, farmers may be reluctant to provide records of health treatments on 
farms. This “self-selection” by farmers is a common complicating factor in research 
done on farms. Studies that rely on farmers volunteering to comply do not represent 
a random sample of farms. Studies typically report that between 25% and 50% of 
farmers contacted will not participate in studies of animal health (Wells et al., 1996; 
Frei et al., 1997; Whay et al., 2003b). The effect of this bias on the results will 
depend on the extent to which the decision to participate or not was related to the 
incidence of illness. All of these factors greatly complicate the collection of reliable 
data on the incidence of illness using the farmer’s diagnoses of illness.

Some information on animal health can be obtained from culling records. This is 
often easier in dairy production where milk-recording companies ask farmers for 
records and reasons for culling. However, again the usefulness of the records will 
depend upon the farmer’s ability to correctly recognize the cause or causes of death. 
For example, reproductive failure is often cited as the leading reason why dairy cows 
are culled (e.g. Whitaker et al., 2000), although many cases of reproductive failure 
are rooted in lameness (Sprecher et al., 1997). Furthermore, farmers are not always 
consistent in whether or not to cull a cow. Certain diseases are more likely than 
 others to result in cows being culled: although the incidence of mastitis is similar or 
only slightly higher than for lameness, nearly four times as many cows are culled 
because of mastitis (Seegers et al., 1998). Accurate records of illness and mortality 
are more easily obtained from indoor intensive production, where there is regular, 
daily contact between animals and the caretakers, than from outdoor, extensive 
 production, where cattle may not be seen for days, weeks, or months at a time.

Such factors complicate the use of measures of illness, injury, and mortality, and 
make comparisons between different studies difficult.

4 Types of Diseases

Below we discuss some of the more common health ailments useful for assessing 
animal welfare. We discuss evidence that relates to the impact of these diseases 
on animal welfare, and the problems in detecting and measuring their incidence 
or prevalence in dairy, beef, and veal production.

4 Types of Diseases 21
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4.1 Mortality

High rates of mortality on a farm can be a direct indicator of welfare problems. Death 
itself provides an end of suffering, but the illnesses that eventually lead to death are 
often the source of considerable suffering to animals. However, mortality figures do not 
take into account those diseased animals that do not die and, perhaps for this reason, 
mortality rates are not well correlated with the incidence of various diseases. For exam-
ple, Busato et al. (1997) found only a low correlation between mortality and morbidity 
on cow–calf farms in Switzerland. Records of mortality also must be treated cautiously. 
Estimates can be complicated by epidemic diseases that kill relatively large numbers of 
animals over a short period. Mortality figures are also affected by culling, which may 
be done for humane, health, or production reasons. The importance of culling differs 
between different production systems: many more beef-suckler calves die than are 
culled, whereas the opposite is true of dairy cows. A high rate of cull can provide 
 welfare advantages, as animals are slaughtered before disease becomes life-threatening, 
but cattle are frequently culled for reasons other than illness, such as low milk 
 production, so cull rates are likely to be variable and difficult to interpret.

In assessing animal welfare, measures of mortality are more useful if we know 
the cause, but accurately identifying the cause of death can be difficult, especially 
under extensive husbandry conditions or other situations where contact with 
 herdsmen is infrequent. In many cases a post-mortem is necessary to accurately 
reveal cause. For example, feedlot cattle initially thought to have died from 
 respiratory disease were found upon post-mortem to have suffered from a variety 
of ailments (Loneragan et al., 2001).

Table 2.2 provides estimates of mortality rates that have been obtained for dairy, 
beef, and veal cattle in various production systems.

It is clear that mortality is highest for unweaned calves. Mortality is especially 
high soon after birth: Wells et al. (1996) report that of the calves that died during 
the 8 weeks before weaning, 30% died during the first week of life. The substan-
tially higher death rates of dairy-beef calves suggests problems associated with the 
care of these animals, such as inadequate colostrum intake and protection from cold 
weather during and after transport (Moore et al., 2002). Mortality rates would 
therefore seem particularly useful in examining the welfare of younger animals. 

Table 2.2 Some estimates of mortality rates in dairy and beef production

Type of animal Type of production Mortality Mortality rate (%)

Calf Beef cow-calf1 Pre-weaning  6.3
Calf Dairy2 Pre-weaning  9.4
Calf Dairy3 24-h post-calving  7
Calf Dairy beef4 4-week post-calving 13.5
Calf Dairy5 Post-weaning to 1st calving  2.2
Calves and adults Beef feedlot6 Total  1.3
Cows Dairy7 Annual  1.2
1Busato et al., 1997. 2Losinger and Henrichs, 1997. 3Fourichon et al., 2001. 4Moore et al., 2002. 
5Wells et al., 1996. 6Loneragen et al., 2001; Seegers et al., 1998.



The relatively low rates of mortality among older animals means that a sizeable 
number of animals are needed to make valid comparisons, suggesting the need for 
epidemiological rather than experimental research.

Mortality rates vary markedly from farm to farm. For example, Fourichon et al. 
(2001) found that calf mortality during the first 24 h after birth varied from 0% to 
31% across dairy farms in France. A certain amount of this variability may be due 
to differences in record keeping or accuracy of estimates but it is difficult to believe 
that this accounts for most of the differences reported. That mortality rates vary so 
much between farms suggest that many of the deaths on the high mortality farms 
are avoidable and that mortality rates provide useful information about the relative 
level of animal welfare on different farms.

4.2 Lameness

Lameness in cattle can result from a number of causes including infectious disease 
(such as digital dermatitis and foot rot) and hoof lesions (e.g. ulcers, haemorrhages, 
white line separation) that are associated with both metabolic challenges and 
 physical injury to the hoof. Lameness is widely regarded as a major welfare prob-
lem for dairy cows (Farm Animal Welfare Council 1997) and the incidence of 
lameness has been included in a number of on-farm animal-welfare assessment 
schemes. In their “Delphi exercise”, Whay et al. (2003a) found that experts 
 consistently ranked lameness as one of the most serious welfare problems for cattle. 
The majority of experts felt that the incidence on all dairy farms was sufficiently 
high to justify some intervention to reduce the incidence of lameness.

Obtaining more objective information to assess the magnitude of the impact of 
lameness on animal welfare has proved difficult. Lameness reduces animal wel-
fare to the extent that animals are experiencing pain when walking or even stand-
ing still, and research using local anaesthetics illustrates such effects (e.g. Rushen 
et al., 2007b). However, this does not allow us to compare the effect of lameness 
with the effects of other diseases, such as metritis or mastitis. The effects of lame-
ness upon milk production and feed intake reviewed earlier (Bareille et al., 2003) 
 indicate that lameness has a large effect on welfare (Table 2.1).

4.2.1 Difficulties in Detection and Assessment

Given the effect of lameness on the welfare of the cattle, it would seem logical to 
use measures of the occurrence of lameness to assess the degree of animal welfare. 
However, this raises the issue of the accuracy of such measures. Unfortunately, 
studies show that dairy farmers find it difficult to identify lame animals, especially 
those at the early stages of lameness (Whay et al., 2003b; Espejo et al., 2006), 
 casting doubt upon the validity of farm records. Given the challenges in identifying 
lame cows, it is not surprising that lameness is often not treated by a veterinarian 
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and that few cows are culled because of lameness: within the UK only 1.7% of 
cows are culled because of lameness even though the annual incidence is over 25% 
(Whitaker et al., 2000). Thus records of veterinary treatment, farmers’ diagnoses, 
and culling underestimate the incidence of lameness.

Even when lameness or hoof problems are assessed by trained veterinarians or 
researchers, there seems to be little consensus as to the best way of scoring the 
problem. The most direct way of detecting lameness is to score the gait of the cows 
while walking. Lameness researchers have developed and used locomotion-scoring 
systems to assess the severity, duration, and prevalence of lameness (e.g. Sprecher 
et al., 1997; Manson and Leaver, 1988). However, these gait-scoring systems suffer 
from a lack of standardization, often a low degree of reliability and have not been 
adequately tested for validity. Flower and Weary (2006) describe a gait-scoring 
system based on observable changes in the way cows walk when they become 
lame. Figure 2.2 and Table 2.3 illustrate this gait-scoring system.

The main advantage of this approach is that it describes a wide range of changes 
in gait that can occur when cows become lame, rather than relying too heavily on 
one or a few features. Furthermore, the system allows observers to rate components 
of the gait separately, perhaps improving the ability to detect gait problems.

The validity of this gait-scoring system has been tested in a number of ways. 
Since the effect of lameness on animal welfare occurs because lameness makes 

Figure 2.2 Cows that are lame or becoming lame show a variety of changes in the way they 
walk. Most obviously they can show a reluctance to bear weight on one or more legs or show some 
asymmetry in the length or timing of their stride. There can be reduced flexion of joints, making 
the legs appear stiff. In some cases, lame cows show an obvious arch to their back, their heads 
may bob up and down markedly and their back legs will either swing out or swing in. Normally 
when cows walk, they place their back hooves at the same place that they place their front hooves 
(tracking up). Lame cows, however, may place their back hooves further back behind where the 
front hooves were. Scoring the occurrence of each of these changes in gait is a promising way of 
detecting lameness (Flower and Weary, 2006) (Figure copyright Frances Flower, University of 
British Columbia.)



walking painful, we would expect that a valid gait-scoring system would be sensitive 
to the effects of pain-reduction methods. Recently, Rushen et al. (2007b) showed 
that the gait scores given to lame cows using this system were reduced when the 
cows were injected with a local anaesthetic in the leg that was responsible for the 
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Table 2.3 An example of a gait-scoring system based on the observed changes in cattle’s gait 
when they are becoming lame (illustrated in Figure 2.2) (Flower and Weary, 2006)

Locomotion
score Clinical description Assessment criteria

1.0 Sound Smooth and fluid movement. Flat back posture when 
standing and walking. Symmetrical gait without 
abduction/adduction. All legs bear weight equally 
and joint flex freely. Hind-claws land on or in front 
of fore-claw prints (tracking up). Head carriage 
remains steady as the animal moves.

2.0 Imperfect Locomotion Ability to move freely not diminished. When standing 
and walking, back posture is flat or mildly convex 
– in the absence of other gait abnormalities this 
stance is likely attributed to normal posture. Gait 
slightly asymmetrical due to minimal adduction/
abduction. All legs bear weight equally but joints 
show slight stiffness. Hind-claws do not track up 
perfectly but shortened strides are uniform. Head 
carriage remains steady.

3.0 Lame Capable of locomotion but ability to move freely is 
compromised. Flat or mildly convex back posture 
when standing, but obviously arched when  walking. 
Gait is asymmetrical due to adduction/abduction. 
All legs bear weight equally but a slight limp can be 
discerned in one limb. Joints show signs of stiffness 
but do not impede freedom of movement. Hind-
claws do not track up and strides may be shortened. 
Head carriage remains steady.

4.0 Moderately Lame Ability to move freely is obviously diminished. 
Obvious arched back posture when standing and 
walking. Gait is asymmetrical due to adduction/
abduction and one or more strides obviously short-
ened. Reluctant to bear weight on at least one limb 
but still uses that limb in locomotion. Strides are 
hesitant and deliberate and joints are stiff. Head 
bobs slightly as animal moves in accordance with 
the sore hoof making contact with the ground.

5.0 Severely Lame Ability to move is severely restricted. Animal must be 
vigorously encouraged to stand and/or move. 
Extreme arched back posture when standing and 
walking. Gait is asymmetrical due to adduction/
abduction, one or more strides obviously shortened 
and/or inability to bear weight on one or more 
limbs. Obvious joint stiffness characterized by lack 
of joint flexion with very hesitant and deliberate 
strides. Head obviously bobs as sore hoof makes 
contact with the ground.
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lameness. Since lameness in dairy cows is most often a consequence of lesions in 
the hoof, we would expect that a valid gait-scoring system should be able to identify 
cows that are suffering from these. Flower and Weary (2006) showed that this  gait-
scoring system was also successful identifying animals with severe lesions.

Gait-scoring systems are useful but require dairy farmers to spend time 
 watching their animals walk. With the marked increase in the size of dairy herds, 
there has been a lot of interest in ways of automatically detecting lameness. 
Several such methods rely on how cows distribute their weight among their legs 
both when walking and standing (Rajkondawar et al., 2002; Neveux et al., 2006; 
Pastell et al., 2006). These studies also provide objective measures that provide a 
better basic  understanding of how cows respond to the pain and injuries associ-
ated with  lameness. Another objective approach has been to take quantitative 
measures of cow’s gait by digitizing video records of cows walking with and 
without known injuries. In one study Flower et al. (2005) used motion-analysis 
software to  calculate six stride variables for each hoof. Compared with cows with 
sole ulcers, healthy cows walked faster, had shorter stride durations, and longer 
strides. The percentage of time when cattle were supported by three legs (called 
triple-support) more than doubled for cows with sole ulcers compared with 
healthy cows. These results show that such “kinematic” gait analysis is a  promising 
approach to  understanding how the gait of dairy cows change with the onset 
of lameness.

Observing the incidence of hoof problems might seem to be a more reliable 
approach than gait analysis (Figure 2.3). However, there is little standardization 
in how hoof lesions are scored. Alban (1995) included all cases of “contusion, 
foul in the foot, sole ulcer, foot rot, digital and interdigital dermatitis, laminitis, 
swollen hock, arthritis”, basing these on  undefined diagnoses and without distin-
guishing between the problems. Vaarst et al. (1998) counted acute haemorrhage, 
sole ulcers, enlarged white line, heel horn  erosion, and interdigital dermatitis, and 
analysed data on acute haemorrhages separately from that for sole ulcers. Manske 
et al. (2002) assessed severity on a 4- point scale of dermatitis (distinguishing 
three types), sole haemorrhages, separations (distinguishing between sole and 
white line), and sole ulcer, analysing the data by aggregating the first three cate-
gories separately from sole ulcers. A complete description of all of the different 
ways that researchers have measured hoof lesions or attempted to analyse their 
frequency is beyond the scope of this book, but these examples  illustrate the lack 
of standardization in the characterization of hoof injuries. Many hoof injuries can 
only be assessed during hoof trimming, limiting the frequency of assessment. 
Thus observations of the hoof injuries are best measured as prevalence, rather 
than of incidence. Prevalence is known to vary with cow parity and stage of lacta-
tion (e.g. Offer et al., 2000), so these factors should be taken into account in any 
analysis.

In general there is a lack of knowledge about how painful different types of foot 
lesions are, or how foot lesions can be scored in terms of their relative effect on 
animal welfare. Different types of foot injuries are likely to cause different degrees 
of pain (Whay et al., 1998). Clearly, we need more standardized and better 



validated approaches to assessing gait and hoof and leg pathology and a better 
understanding of the pain associated with different types and severities of injury.

4.2.2 Incidence and Prevalence of Lameness and Related Injuries

Despite the problems of detecting lameness, a number of studies have reported a high 
incidence of lameness among dairy cows (Frei et al., 1997; Whitaker et al., 2000; 
Fourichon et al., 2001; Espejo et al., 2006). Lameness is not restricted to the large 
intensive dairy farms of the industrialized world: small-scale dairy farms in Kenya 
report a lameness prevalence of nearly 12% (Gitau et al., 1996). Variation between 
farms is consistently reported to be high, with estimates varying from 0% up to 100% 
(Fourichon et al., 2001). Within the UK, where the most frequent and comprehensive 
surveys have been done, the average percentage of cows becoming lame during a 

Figure 2.3 Lameness is a serious welfare problem in dairy cows and most cases of lameness 
arise from problems in the hooves. When hooves are trimmed they often show a variety of lesions, 
which can range from small areas of erosion to large, painful, bleeding ulcers. Studies in a number 
of countries suggest that a majority of dairy cows will have some sort of hoof lesion. Scoring the 
types and severity of hoof lesions can be useful in welfare assessment
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lactation varied from 5.8% for the best quartile of farms to 50% for the worst quartile 
of farms (Whitaker et al., 2000). Much of this variability likely relates to a range of 
management and housing factors that have been identified as risks (e.g. Whitaker 
et al., 2000; Cook et al., 2004) and will be discussed in later chapters.

The occurrence of injuries to the hoof is even higher than the incidence of 
 lameness: Manske et al. (2002) reported that on average 70% of cows on Swedish 
dairy farms suffered from some form of hoof lesion but this varied from 18% to 98% 
between different farms; Vaarst et al. (1998) reported a prevalence of 38% of cows 
suffering from some hoof disorder at the time of hoof trimming in Danish dairy 
cows. Erin Bell (2004) reported that in British Columbia, 86% of dairy cows suf-
fered from some form of hoof lesion. Generally, lameness in dairy cows is more 
related to hoof problems than upper-leg problems (e.g. Gitau et al., 1996; Offer 
et al., 2000). However, lameness associated with upper-leg problems seems to have 
a larger effect on the cows’ feed intake and milk production than does lameness 
associated with hoof problems (Bareille et al., 2003).

Although incidence is highest in dairy cows, lameness can also affect other cattle, 
e.g. 1.1% of unweaned dairy calves are lame or judged as having joint problems 
(Wells et al., 1996). Nearly 2% of feedlot cattle suffer from lameness (USDA, 
2000) and over 73% of beef cows and over 64% of beef bulls arriving at an abattoir 
were observed to be suffering from lameness (Roeber et al., 2001).

4.3 Mastitis

Mastitis is an infection of the mammary gland caused by a number of different 
bacteria. Eschericia coli and Staphylococcus aureus generally account for the 
majority of cases with Streptococcus and Klebsiella responsible for a smaller inci-
dence (e.g. Barkema et al., 1999a, b). Because of the direct effects of mastitis on 
milk quality, records of the incidence of mastitis are fairly good for dairy cows and 
mastitis is often treated by veterinarians. Even in countries where antibiotics can be 
administered by farmers, records of mastitis treatment with antibiotics are usually 
good, especially for dairy farmers enrolled in milk recording or dairy-herd improve-
ment schemes.

Mastitis is usually detected by clinical examination of the udder or by visual 
inspection of milk samples. Milk samples from mastitic cows can be tested to iden-
tify the actual bacteria involved. When mastitis occurs, the cells from the immune 
system enter the mammary gland and can be detected in milk. Counts of such 
somatic cells (SCC) are regularly taken from the milk in bulk tanks to assess milk 
quality of a farm. However, the relationship between bulk-milk SCC of a farm and 
the actual incidence of mastitis tends to be weak (Whitaker et al., 2000; Barkema 
et al., 1999a, b), and varies with the cause of the infection, so bulk-milk SCC is of 
limited value in monitoring the incidence of mastitis for animal welfare purposes.

As with other afflictions, it is difficult to know how mastitis affects the welfare of 
the animal. As discussed earlier, experts appear to rate mastitis as having less of an 



effect on animal welfare than lameness (Whay et al., 2003a). In their attempt to 
“prioritize” diseases of dairy cows, Wells et al. (1998) did not consider mastitis to have 
important consequences for animal welfare. However, the effect of mastitis on the 
animal depends on the form of the disease. For instance, systemic mastitis has a 
longer duration of effect than localized mastitis (Bareille et al., 2003; Table 2.1) and 
may have greater welfare consequences.

Mastitis is one of the most common diseases affecting lactating dairy cows, with 
measures of incidence typically ranging from 25 to 40 cases per 100 cows per year 
in most western countries (Frei et al., 1997; Rajala and Gröhn, 1998; Barkema 
et al., 1999a, b; Whitaker et al., 2000; Fourichon et al., 2001). Mastitis is also an 
important cause of culling (Whitaker et al., 2000). The incidence of mastitis varies 
greatly between farms: Fourichon et al., (2001) reported that the number of cases 
of clinical mastitis varied between 3.4 and 137.5 per 100 cows per year. Whitaker 
et al. (2000) reported that the poorest quartile of UK dairy farms had 70 cases per 
100 cows and the best quartile had only 13.

Although most often studied in dairy cows, mastitis can also occur among lactat-
ing beef cows, although here much less is known about the incidence or the causes. 
Small-scale studies report an average prevalence of 30–50% of lactating beef cows 
suffering from mastitis (Simpson et al., 1995; Duenas et al., 2001).

Numerous epidemiological studies have shown that the incidence of clinical 
mastitis is strongly related to housing and management factors (e.g. Waage et al., 
1998; Barkema et al., 1999a, b). Furthermore, the incidence of mastitis has been 
used in on-farm welfare assessment schemes for dairy cattle (Whay et al., 2003a, b).
However, the importance of management and housing varies according to the type 
of bacteria responsible for the infections. For example, cases due to E. coli are 
likely related to housing conditions, but those due to S. dysgalactiae are more likely 
related to milking procedures and equipment (Barkema et al., 1999a, b). Cows 
housed in tie stalls have higher rates of mastitis than cows housed in free stalls 
(Valde et al., 1997). Moreover, cows in confinement housing show the highest inci-
dence of environmental mastitis in the warm and humid months of the year, since 
moisture and elevated temperatures support microbial growth. Consequently, meas-
ures of the overall incidence are of less use than those that identify the pathogens 
responsible.

4.4 Calving Difficulties

Calving difficulty (sometimes known as dystocia) is another common ailment with 
clear implications for animal welfare. Calving difficulties can be a leading cause of 
calf death; Nix et al., (1998) reported that 20–30% of beef calves were likely to die 
within the 24 h following calvings that required even mild assistance, compared to 
a baseline mortality rate of only 3%. Caesarean sections resulted in 50% of calves 
dying. Among dairy cattle, dystocia is a major cause of stillbirths (Meyer et al., 
2001). The welfare of surviving calves is also affected: calves that needed  assistance 
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during delivery developed enteritis at an earlier age than calves that did not 
need such assistance (Sivula et al., 1996). Dairy herds with a high incidence of 
dystocia also tend to have a higher incidence of health problems in calves 
(Sanderson and Dargatz, 2000). Calving difficulties appear to have less of an 
impact on the cow than on the calf; although dystocia can cause reproductive prob-
lems in the cows, this appears to have only moderate effects on milk production or 
feed intake (Bareille et al., 2003). However, dystocia is associated with increased 
incidence of metritis and retained placenta (Huzzey et al., 2007; Gröhn et al., 
2003), as it increases trauma to the uterine wall and increases the susceptibility to 
disease by increasing the risk of harmful bacteria entering the reproductive tract 
(Bruun et al., 2002) and it increases the likelihood that the cow will be culled 
(Rogers et al., 2004).

One barrier to research in this area is of measuring calving difficulty. Dystocia 
is often defined simply as cases requiring assistance or surgery (Fourichon et al., 
2001). However, farms likely vary greatly in when they feel that some assistance is 
needed. Consequently, measures of calving assistance may reflect the farmer’s 
attitudes rather than anything else. Measures of the degree of difficulty (e.g. Nix 
et al., 1998) may be more useful.

Many studies show that calving difficulties occur at a relatively low incidence; 
for example 2.2% of births on Swiss dairy farms (Frei et al., 1997), 2.1% of births 
in Finnish dairy farms (Rajala and Grohn, 1998), 5% of births on French dairy 
farms (Fourichon et al., 2001), and 4% of births on beef farms (Busato et al., 1997). 
However, Frei et al. (1997) found that as many as 50% of calvings were assisted on 
some Swiss dairy farms. Whitaker et al. (2000) reported that 8.7% of calvings on 
UK dairy farms were assisted, although this varied from 0% to 57% across farms. 
Dystocia appears to occur more often on US dairy farms: around 20% of calvings 
of primiparous cows and 6% of calvings of multiparous cows required some assist-
ance (Meyer et al., 2001). One research herd in the US reported that 23.7% of calv-
ings involved dystocia (Johanson and Berger, 2003).

Because of the welfare consequences to both the cow and calf associated with dys-
tocia, as well as the great variability among farms in rates of calvings judged to require 
assistance, we feel that this is an urgent area for more research. Specifically, research 
is required to properly document the potential welfare risks associated with different 
degrees of assistance, and to determine more objectively when assistance is truly ben-
eficial. New work is also required to understand the role of pain and how this may 
affect the cow and calf’s recovery following difficult calvings (see Chapter 5).

4.5 Illness at Calving

The high incidence of morbidity in dairy cattle around the time of calving is of 
great current interest to both the dairy industry and to dairy researchers worldwide. 
The “transition phase”, generally accepted as the period beginning 3 weeks prior to 
calving and ending 3 weeks following calving, is recognized as a critical phase in 
the cow’s lactation (Drackley, 1999; Ingvartsen, 2006).



During the transition period cows face a number of stressors including several 
diet changes and social regroupings, as well as physical, hormonal, and  physiological 
changes associated with calving and the onset of lactation. One of the main 
 challenges for transition dairy cows is a sudden increase in nutrient requirements to 
support the onset of lactation at a time when feed intake lags behind (Drackley, 
1999). The constraints imposed by the decline in feed intake, coupled with other 
stressors associated with the transition period, likely contribute to the high inci-
dences of metabolic and infectious diseases.

4.5.1 Periparturient Diseases

There is a suite of diseases that afflict cows during transition, including metritis, 
ketosis, fatty liver, displaced abomasum (DA), and milk fever. Ketosis is a meta-
bolic condition that occurs when a cow is in negative-energy balance immediately 
after calving. Peak prevalence of subclinical ketosis occurs in the first 2 weeks of 
lactation (Duffield et al., 1998). To support the cows’ energy demands, the body 
must mobilize fat reserves resulting in the production of ketone bodies by the liver. 
This condition increases the cows’ risk of DA, fatty liver, retained placenta, reduces 
milk production, and decreases reproductive performance (Duffield, 2000). The 
reported prevalence of subclinical ketosis ranges from 8.9% to 34% in various stud-
ies (Dohoo and Martin, 1984; Duffield et al., 1997). Duffield et al. (1998) reported 
that the cumulative incidence of subclinical ketosis over the first 9 weeks of lacta-
tion in 507 untreated cows from 25 Holstein dairy farms was 59% and 43% depend-
ing on the assessment method. It is difficult to compare these numbers across 
studies since numerous factors beyond cow- and herd-level risk influence the rates. 
Dohoo and Martin (1984) found that cows with subclinical ketosis had an increased 
risk of metritis or clinical ketosis 4 days later. However, these authors argued that 
since metritis is a condition that normally develops at calving, subclinical ketosis 
is more likely a result rather than a cause of metritis. Milk fever (hypocalcemia) can 
result due to the increased demands for calcium with the onset of milk production 
(Østergaard and Larsen, 2000). Hypocalcemia affects muscle function, heart rate, 
and can lead to rumen bloat, decreased ruminal contractions, and suppressed appe-
tite (Østergaard and Larsen, 2000).

Overall estimates combining a suite of transition diseases indicate that up to 
30% of dairy cows in North America are afflicted. A Minnesota study reported that 
25% of cows leaving the herd do so in the first 60 days after calving, and suggested 
that many of these culls are due to these diseases (Godden et al., 2003). These dis-
orders have not figured prominently in on-farm welfare-assessment schemes (e.g. 
Main et al., 2003a, b; Whay et al., 2003a, b) and unfortunately there is little data to 
judge the relative impact of these diseases on animal welfare. Ketosis appears to 
have only moderate effects on milk production (although it has marked effects on 
feed intake) (Bareille et al., 2003; Table 2.1). Experts recommend intervention 
when the incidence of milk fever (hypocalcemia), in particular, is quite low (Main 
et al., 2003a) but this may reflect the relatively low incidence of the diseases com-
pared to mastitis or lameness. As veterinary examination of post-partum cows is 
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relatively infrequent on most dairy farms, typically only during routine herd health 
checks that commonly occur once every two weeks, many cases of periparturient 
disease may go unnoticed. Producers can use urine or milk tests to monitor the 
health of their animals, but frequent administration of tests on a herd-wide scale can 
be costly and time consuming. Moreover, no such tests are available for diagnosing 
inflammatory uterine disease (metritis or endometritis), one of the most common 
disorders after calving.

4.5.2 Metritis

The most common reproductive disease in dairy cattle is metritis, an inflammation 
of the uterine wall caused by bacterial infection and usually diagnosed by elevated 
body temperature, vaginal discharge, and a large, flaccid uterus. The latter is usu-
ally determined by rectal palpation, although it appears to be a poorer diagnostic 
tool than examining vaginal discharge directly (LeBlanc et al., 2002). Metritis is 
normally associated with calving, and is most likely to be diagnosed in the first few 
weeks after parturition.

Metritis can have long-term effects on dairy cows, substantially reducing both 
milk production and feed intake (Bareille et al., 2003; Table 2.1) and indicating a 
relatively severe impact on animal welfare. It is therefore unfortunate that metritis 
tends not to be included (as a separate disease) in on-farm welfare assessment pro-
tocols (e.g. Whay et al., 2003a, b). Estimates of the incidence of this disease tend 
to be variable. Some studies report only a low incidence, often of less than 5% per 
lactation (Rajala and Grohn, 1998; Fourichon et al., 2001; Bruun et al., 2002). 
However, other studies have found a much higher incidence: Frei et al. (1997) 
reported a mean incidence of 37.2% of metritis in Swiss dairy cows, Fleischer et al. 
(2001) reported a mean lactational incidence of 23.6% in German dairy farms while 
estimates in US dairy cows are 65% (Hirvonen et al., 1999) and 38% (LeBlanc et al.,
2002). These differences likely reflect differences in how well the disease is diag-
nosed, especially when diagnosed by farm staff.

Even where reported incidence is low, there is usually considerable variation 
between farms, with some farms reporting a high incidence. For example, the median 
incidence of treatment on Danish farms was 0.7%, but the highest incidence of 
 treatment recorded on any one farm was 21% (Bruun et al., 2002). On French dairy 
farms, the median incidence was found to be only 3%, but the maximum incidence was 
nearly 17% for acute metritis and 50% for chronic metritis (Fourichon et al., 2001).

The risk factors for metritis are not well known. Many studies (e.g. Curtis et al., 
1985; Correa et al., 1993) have found that metritis is associated with retained pla-
centa. However, the nature of the relationship between housing and management 
factors and metritis is not clear. Kaneene and Miller (1995) found that “larger 
herds, problem calvings, overconditioning, and underconditioning” were associated 
with increased incidence of metritis although their discussion of these relationships 
was speculative. Much remains to be learned about if and how this disease can be 
prevented by changes in housing, nutrition, and management. It also seems likely 



that metritis has been underestimated as a cause of poor welfare in dairy cattle and 
measures of its incidence underused in welfare assessment.

Interestingly, infectious diseases such as metritis generally receive less attention 
than the metabolic diseases that are prevalent after calving. This is presumably 
because ketosis and milk fever have dramatic impacts on milk production and on 
an animal’s appearance, while metritis has few overt symptoms (Lewis, 1997). 
Interest in prevention and treatment of metritis has increased due to concerns that 
metritic cows suffer from reduced fertility.

4.6 Bovine Respiratory Disease

Probably the most serious welfare problem affecting beef cattle in feedlots is 
bovine respiratory disease (BRD). Although it is an infectious disease, BRD is 
thought to result from an interaction between the presence of the pathogens, and 
suppressed immunity resulting from the stress of transport to and arrival at the 
feedlot. Respiratory disease accounts for 57.1% of deaths of feedlot cattle (or 0.72% 
of all cattle in feedlots) in the US (Loneragan et al., 2001). As discussed earlier in 
this chapter, post-mortem results show the number of animals that die from the 
disease (Loneragan et al., 2001), but these numbers underestimate the numbers of 
animals that suffer from the disease. Pulmonary lesions can be found in up to 70% 
of steers in feedlots, although these are not detected through standard clinical 
observations (Wittum et al., 1996). In feedlots, sick cattle are usually identified by 
behavioural changes, such as a reduced feed intake. Unfortunately, relatively little 
is known about how behaviour changes in response to respiratory disease. Research 
to date has indicated that feedlot cattle suffering from BRD increase their number 
of drinking bouts, reduce time spent feeding and reduce the number of visits to the 
feed bunk (Sowell et al., 1999; Buhman et al., 2000; Quimby et al., 2001), but much 
remains to be learned about how changes in behaviour can be used to improve early 
identification of animals with this and other diseases (Section 5 of this chapter).

4.7 Respiratory and Gastrointestinal Diseases in Calves

For young calves, the main diseases of importance are respiratory and gastrointes-
tinal (GI) disorders. They are also major causes of death, responsible for 52% and 
16% respectively of pre-weaning deaths in beef calves (Busato et al., 1997) and 
46% and 14% of deaths of dairy calves (Agerholm et al., 1993). The relative impor-
tance of the two as a cause of death varies between regions; in contrast to the fig-
ures from Western countries provided above, GI-tract disorders accounts for more 
deaths (31%) on dairy farms in Kenya than do respiratory problems (17%) (Mulei 
et al., 1995). These two diseases are among the major causes of antibiotic use in the 
dairy industry (Ortman and Svensson, 2004).
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The incidence of both afflictions is high, especially in the first few weeks after 
birth, with several large-scale national surveys showing diarrhoea affecting 
between 10% and 35% of dairy calves and respiratory disorders affecting between 
8% and 15% (Wells et al., 1996; Svensson et al., 2003; Frei et al., 1997). Clearly 
there is much potential in using measures of respiratory and GI-tract disorders in 
assessing the welfare of unweaned calves.

4.8 Body Injuries

Due to the pain that results from most physical injury, occurrence of injury would 
seem to provide a relatively clear indication about the existence of a welfare prob-
lem. Problems arise, however, in finding a reliable and accurate means of scoring 
injuries, especially more minor ones.

Difficulties in defining an injury can lead to marked differences between studies. 
For example, in a survey of UK dairy herds, Whitaker et al. (2000) reported that only 
less than 2% of cows suffered from injuries and that on most farms no injuries were 
seen. In this case, injuries were defined as “damage to teats and injuries from equip-
ment, buildings and obtruding objects”. Enevoldsen et al. (1994) similarly report 
that between 1% and 5% of dairy cows have injuries. However, other studies report 
a much higher incidence, suggesting that there were marked differences in how seri-
ous an injury had to be before it was counted. Detailed observation of injuries by 
Whay et al. (2003b) found that on average well over half the cows on dairy farms 
had some form of injury. Weary and Taszkun (2000) found that over 75% of dairy 
cows had some form of hock lesion (Figure 2.4). Much of this variation results from 
the fact that an “injury” can range from a major trauma to a minor skin abrasion.

Finding a reliable and standardized measure of the incidence and severity of smaller 
injuries remains one of the obstacles to using these in welfare assessment. Injuries to 
the leg have been evaluated using qualitative methods of assessment (e.g. Weary and 
Taszkun, 2000) or quantitative measurements such as surface area of hair loss 
(Mowbray et al., 2003). The quantitative measurements have the advantage of being 
more repeatable, and more amenable to parametric statistical analyses, but taking such 
measures is often much more time consuming. The choice of the method of assessment 
should ultimately depend on how well it reflects the way that the injury actually affects 
the animal, either in terms of the pain experienced, or in predisposing the animal to 
other injuries, infections, or physical impairments such as abnormal gait. Unfortunately, 
for many injuries, little or no research is yet available to establish these links.

For dairy cattle, injuries to the legs and the udder are most common. Experts 
judge that the presence of injuries, particularly swollen or ulcerated hocks, is one 
of the most serious threats to the welfare of dairy cattle (Whay et al., 2003a), with 
the majority of experts recommending some corrective action when the incidence 
of swollen hocks was less than 10%. Hock injuries that are severe enough to result 
in lameness reduce milk production and feed intake (Bareille et al., 2003; 
Table 2.1). Less severe hock injuries are common in dairy cattle (Weary and 
Taszkun, 2000) and, along with swollen knees, are an indicator of problems in the 



design of housing for dairy cows (Chapter 6). For dairy cattle, udder and teat 
lesions appear to be a particular problem. One study of teat injuries on Finnish dairy 
cows that were treated by a veterinarian reported an incidence of 3.4% (Rajala and 
Grohn, 1998), and a second study found that teat injuries were responsible for 1.2% 
of the cullings on French dairy farms (Seegers et al., 1998). Teat injuries are also 
of economic importance because they have a marked effect on milk production.

Measures of bruising have been used to assess the effects of transport and pre-
slaughter management on the welfare of beef cattle. Examination of animals arriv-
ing at market can provide useful information about the extent of bruising or injury. 
The National Beef Quality Audit in the US (McKenna et al., 2002) examined the 
condition of over 12,000 animals or carcasses at 30 abattoirs. Over 45% of the 
 cattle had some bruising, 16% had multiple bruises and about 5% of carcasses 
exhibited evidence of extreme or “critical” bruising. A similar audit in Canada 
found bruising on 54% of the carcasses with 17% of carcasses having major or 
severe bruising (Van Donkersgoed et al., 2001).

In summary, physical injury is an obvious concern for animal welfare, but 
 difficulties in measuring the occurrence and severity of some common injuries has 
limited their use in assessing animal welfare.

4.9 Gastrointestinal Ulcers

Cattle of all ages can suffer from ulcers in the GI tract, but abomasal ulcers in 
young milk-fed calves have attracted most attention in terms of assessing animal 
welfare. A very high incidence of such ulcers has been reported among calves in 

Figure 2.4 Dairy cows housed indoors show a variety of minor injuries to their legs, such as hock 
abrasions (left) and swollen knees (right). These can be painful and may be a route of infection. 
To use such injuries to assess animal welfare requires that we have reliable and accurate means of 
measuring their occurrence and severity
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veal production, with often one-third to three-quarters of calves being affected (e.g. 
Gottardo et al., 2002). The presence of abomasal ulcers can generally only be 
detected after slaughter, and various methods have been used to assess their sever-
ity. Sometimes this involves a simple 3-point scale (e.g. Bokkers and Koene, 2001) 
while in other cases ulcers are distinguished from stomach “erosion” and inflam-
mation (e.g. Mattiello et al., 2002). It seems likely that such ulcers are a source of 
pain for the calves, but as yet there is little direct evidence to judge their impact 
upon animal welfare. Abomasal ulcers also occur among nursing beef calves and 
can result in death (Jelinski et al., 1996).

5 Early Indicators of Illness

A key message of this chapter is that if we use illness to assess animal welfare, we 
must have accurate methods for detecting the diseases. To date, most on-farm 
assessments of cattle health have relied on farmers’ or veterinarians’ records, or on 
measures of prevalence based on single or a few visits to farms. As discussed ear-
lier, this approach is hindered by the low rate of veterinary treatment of some dis-
eases and doubts about the reliability of diagnosis and of record keeping. In 
addition, there is often a delay between when the disease affects the animal and 
when it is detected. Green et al. (2002) found that lameness in dairy cows was 
affecting milk production several months before it was diagnosed and treated. 
Because of the increasing incidence of various diseases, and the large economic 
cost for both dairy and beef production, there is a great deal of interest in early 
detection of illness.

A promising approach is the automatic monitoring of animal health (Ingvartsen 
et al., 2003). Automated detection of animal-health problems provides a comple-
ment, and perhaps eventually an alternative to the current use of farmers’ records 
or records of veterinary treatment to assess animal welfare.

5.1 Physiological and Biochemical Signs of Illness

For research purposes, a number of physiological parameters have been found to 
correlate with health problems. For example, measures of plasma haemoglobin or 
iron concentrations can detect anaemia in veal calves (Welchman et al., 1988; 
Bokkers and Koene, 2001), plasma concentrations of biotin in milk and plasma 
may give some information about hoof quality (Higuchi and Nagahata, 2001; 
Higuchi et al., 2003), electrical conductivity of milk may be used to automatically 
detect mastitis (de Mol and Ouweltjes, 2001), plasma gastrin concentrations are a 
sign of bleeding ulcers (Ok et al., 2001), and negative energy balance in post-
 partum cows can be detected by a change in concentration of metabolites in the 
blood (Aeberhard et al., 2001). These are just a few examples. It is likely 



 impractical (and arguably inhumane) to take blood samples regularly from a large 
number of animals, although this could be done at critical moments, such as entry 
into veal-calf operations, entry into a heifer-growing facility or feedlots or just 
after calving. At present, routine use of physiological indicators to monitor health 
is likely to be most feasible for dairy cattle, where milk samples could be used 
(Ingvartsen et al., 2003). Recently, Schaefer et al. (2004) has shown that illness in 
beef cattle can be detected by thermographic measures of body temperature, sev-
eral days before the traditional clinical examinations. Infrared thermography can 
also detect joint inflammation that may lead to lameness (Cockcroft et al., 2000). 
However, the most practical way of monitoring health is to look for changes in 
animals’ behaviour.

5.2 Behavioural Indicators of Illness

Animals respond to illness with a consistent and predictable pattern of behavioural 
changes, which typically include reduced feeding, increased rest and sleep, 
increased thermoregulatory behaviours and reduced social behaviour (Hart, 1988). 
Clinical diagnosis of illness often involves some objective assessments of these 
behaviours. These behavioural changes occur simultaneously with physiological 
and metabolic changes, most notably the fever response, and some of the behav-
ioural changes serve to maintain the fever (Johnson, 2002). The physiological 
components of the acute-phase response to illness, such as fever, are now thought 
to be host defences, i.e. evolved, adaptive responses that help the animals recover 
from the illness (Stearns and Ebert, 2001; LeGrand and Brown, 2002). Consequently, 
it seems likely that many of these behavioural responses to illness are adaptive 
responses, in that they help animals recuperate (Hart, 1988; Johnson, 2002). The 
behavioural changes that occur when animals are ill are not simply a by-product 
of the debilitating effects of illness, but organized behavioural changes that help 
animals recuperate from the illness (Aubert, 1999). Interfering with the behav-
ioural responses to illness, for example, by forced feeding or preventing sleep, will 
reduce the chance of the animal recovering (Johnson, 2002; Irwin, 2002) so that 
the behavioural changes can be considered as part of the immune response. Most 
of the behavioural responses to illness can be stimulated by injections of bacterial 
endotoxin, such as lipopolysaccharide (LPS) (Dantzer, 2001; Larson and Dunn, 
2001), and cytokines from the immune system are now seen as the major control-
lers (Johnson, 1998; Dantzer, 2001; Larson and Dunn, 2001; Inui, 2001).

Some studies have documented how automatically detected changes in behaviour 
may help early detection of disease, especially in beef cattle in feedlots. Cattle in 
feedlots suffer from a variety of illness of which respiratory diseases and meta-
bolic illness are the most prevalent. Changes in the amount of feeding, drinking, 
and activity are typical symptoms of all of these illnesses. Beef-cattle suffering 
from BRD show an increased number of drinking bouts, a reduced time spent 
feeding and a reduced number of visits to the feed bunk (Sowell et al., 1999; 
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Buhman et al., 2000) and these behavioural changes could be detected before the 
steers were diagnosed clinically. Quimby et al. (2001) found that automated 
monitoring of feeding behaviour of calves in feedlots could detect calf morbidity 
several days earlier than the conventional methods employed in commercial feed-
lots. Recently, Urton et al. (2005) and Huzzey et al. (2006) were able to identify 
dairy cows that developed metritis several days before calving by observing 
reductions in feeding time (Figure 2.5). Unweaned dairy or veal calves are 
increasingly fed with automatic milk-dispensing systems that have the possibility 
of automatically collecting data on the sucking behaviour of the calves. This 
information may be useful as a means of detecting illness and hence serve in a 
welfare-monitoring system. Svensson and Jensen (2007) found a number of changes 
in calves’ sucking behaviour 2 days before the calves were clinically diagnosed 
as being ill.

This type of information is critical for developing procedures that minimize the 
risk of disease and minimize animal suffering and the automatic monitoring of 
early indicators of illness, including behavioural changes, is an important and 
growing area for research in animal welfare.

6 Productivity

The use of measures of productivity (e.g. growth rates of dairy, veal or beef calves, 
or milk production by dairy cows) to assess animal welfare is controversial. Our 
position is that measures of productivity can be useful indicators of the welfare of 
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the animals, but only under some circumstances. More specifically, we must 
 understand the precise cause of the change or difference in productivity, and be 
able to relate this, with some confidence, to animal pain or suffering. There are 
good reasons why problems causing poor welfare can lead to lower productivity. 
Activation of the immune system during an illness uses a considerable amount of 
metabolic energy (Colditz, 2002) and illness often results in reduced feed intake, so 
that  during illness, resources may be limited and diverted into immune function 
rather than milk production, growth, or reproduction. The important point is that 
changes in productivity can serve as an indicator only to the extent that there are 
clear and  validated links with known problems. On their own, overall levels of 
productivity are of little value in welfare assessment.

For lactating cows, reduced milk production has been shown to reflect the 
 condition of the animals, at least under some circumstances. As discussed earlier, 
a number of studies have estimated the magnitude of the reduction in milk yield 
that occurs when dairy cows suffer from various diseases (e.g. Bareille et al., 2003; 
Table 2.1). Short-term changes in milk yield have proven useful in assessing cows’ 
responses to stressful events. For example, a variety of acute stressors such as novel 
surroundings can reduce oxytocin secretion, leading to blocked milk ejection and 
hence reduced milk yield (e.g. Bruckmaier and Blum, 1998). The increase in resid-
ual milk, which is obtained when the cows are injected with oxytocin after normal 
milking, can be an effective measure of the response of lactating cows to acute 
stressors (Bruckmaier et al., 1993, 1997; Rushen et al., 2001b; Figure 2.6). In these 
circumstances, the observed drop in milk yield from what is normal can be seen as 
an indicator of reduced welfare.

However, this does not mean that all or even most variation in milk yield is 
related to differences in animal welfare: few animal-welfare experts consider milk 
yield to be a useful measure in on-farm welfare assessments of dairy cattle (Main 
et al., 2003a; Whay et al., 2003a, b). Variation in milk yield can be affected by a 
host of factors (nutritional, genetic, and environmental) that are welfare-neutral. 
Similarly, measures of growth are not necessarily associated with illness. For 
example, Busato et al. (1997) found that the morbidity rates on cow-calf beef farms 
in Switzerland were not correlated with average weight gains of the calves.

A limiting factor in using measures of productivity to assess welfare is that 
assessing productivity of farm animals is not always straight forward. In part, this 
occurs because the measures depend as much on economics as biology. Animal 
productivity cannot be assessed except in terms of why the animal is kept: the pro-
ductivity of a beef calf will be assessed largely in terms of its growth, whereas the 
productivity of a dairy cow is assessed mostly by the quantity of milk produced. 
Furthermore, the precise measures of productivity can depend on local economic 
factors: in some parts of the world, the income of dairy farmers is assessed by milk 
fat or protein, rather than by the quantity of milk itself. Beef producers can be paid 
according to the actual weight of the calf sold, or by its carcass weight at slaughter. 
At a more practical level, measures of productivity may not be that easy to obtain. 
Most dairy farmers in Western countries have data on daily milk production of 
individual cows, but in other countries farmers may only know the total milk 
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unfamiliar place (ISOLATION), the stress on cows during milking reduces the release of oxytocin, 
which prevents milk ejection, and thus reduces milk yield and increases residual milk (Lower 
figure) (Based on data from Rushen et al. 2001b.)

 produced by the herd. Many beef farmers do not have detailed data on the weight 
or growth rates of their animals.

Finally, there is increasing evidence that a high level of production may itself 
produce a threat to animal welfare. High growth rates among pigs and poultry are 
associated with an increased occurrence of health problems (reviewed in Rauw et al., 
1998). Improved genetics and nutrition have resulted in a 2–3% increase in milk 



production per cow per year in Western countries. However, this increased produc-
tion has put extra demands on the cow, leading to an increased incidence of disease 
and higher rates of involuntary culling. A number of studies have reported that high 
levels of milk production in dairy cattle is associated with an increased incidence 
of health problems (e.g. Kelm et al., 2000; Fleischer et al., 2001; Fourichon et al., 
2001), although the nature of this relationship is not always clear (Ingvartsen 
et al., 2003). Furthermore, the cause of this relationship remains a matter of debate. 
The specifics of this issue are beyond the scope of our book, but Ingvartsen et al. 
(2003) and Rauw et al. (1998) both provide useful discussions. For high-producing 
dairy cattle, the problem appears to be not so much with the amount of milk produced,
but rather the degree of negative-energy balance and concomitant changes in the 
endocrine and immune systems in the weeks following calving (Goff and Horst, 
1997; Mallard et al., 1998; deVries et al., 1999; Ingvartsen et al., 2003). Since cows 
respond to the negative-energy balance by mobilizing body tissue, changes in body 
condition may be useful to detect the reduced energy status of the cows (Broster 
and Broster, 1998; Ingvartsen et al., 2003).

We conclude that there is no simple relationship between good productivity and 
good welfare. Sudden and inexplicable drops in milk production, growth rates, or 
body condition, may indicate illness, and hence can be used to assess welfare where 
the causes of these changes are understood. However, levels of production of 
 individual animals and especially of farms cannot be used with any confidence to 
assess welfare.

7 Reproduction

Decreased reproductive success has often been proposed as a measure of welfare. 
Furthermore, reproductive success is decreasing in fast growing lines of beef cattle 
and high-yielding dairy cows (Lucy et al., 2001) and some cite this as evidence of 
welfare problems in modern dairy and beef production. These reproductive problems 
of dairy cows can themselves have an indirect effect on animal welfare. Increasingly, 
dairy producers are relying on a series of interventions to increase pregnancy rates 
through improved oestrus synchronization. Synchronization protocols consist of a 
series of timed injections (Pursley et al., 1998), each one likely a source of stress for 
the cows.

Many forms of illness, such as calving difficulties, lameness, and metritis can 
lead to reproductive failure (Section 4.6 of this chapter), and so measures of 
 reproductive success may be indirect measures of these health problems. 
Furthermore, considerable research on a number of mammalian species has also 
shown the depressive effects of stress on reproductive capacity of both males and 
females and has described the physiological mechanisms underlying these effects. 
Such  suppressive effects of stress have been found in cattle (Dobson and Smith, 
2000) and a number of studies show that stressors reduce reproductive efficiency 
in cows. This is true not only of physical stressors, but also stressors that are 
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more emotional or psychological in nature. Cows that increased their dominance 
status within a herd had fewer days between calving and conception than those that 
lost dominance  status (Dobson and Smith, 2000). A 30-min truck journey has 
been shown to be sufficient to block the luteinizing hormone surge in response to 
oestradiol benzoate injections in early post-partum cows (Dobson and Smith, 2000).
The effects of stress on the reproductive performance of bulls have been much 
less studied.

However, as is the case with productivity, the fact that poor welfare can some-
times affect reproduction does not mean that reproductive success can be used to 
assess welfare in practical circumstances. This is especially true when considering 
differences between farms. Differences among farms in reproductive failure could 
be due to many factors that are not related to the welfare of the cows, such as 
 success at oestrus detection, effective artificial insemination strategies, as well as 
general reproductive management. Thus poor reproductive success of cattle can only 
be used to assess welfare in cases where there is evidence to link changes with 
stress or disease, and in these cases it would likely be more appropriate to measure 
the degree of stress or occurrence of illness directly. In short, although poor welfare may 
reduce reproductive success of cattle, measures of reproductive success alone, 
especially at the herd level, appear to have little potential in welfare assessment.

8 Conclusions

In this chapter, we have focused on some of the difficulties that limit our ability to 
use measures of disease incidence to assess animal welfare, especially under 
 commercial conditions. Poor health obviously is associated with poor welfare, but 
there are still many uncertainties about the relative impact of different disease on 
animal welfare. In some cases, such as metritis, these uncertainties may result in an 
underestimation of the importance of the disease for animal welfare. Difficulties in 
obtaining accurate diagnoses and accurate and reliable records of disease incidence 
are other problems, especially for extensive beef production where there is less 
contact between caretakers and animals. One area of promise for future research is 
the use of automated monitoring of health problems.



Chapter 3
Stress and Physiological Indicators 
of Animal Welfare

1 Introduction

Placed in difficult and demanding situations, we have become accustomed to using 
the word “stress” to describe how we feel. Personal familiarity with the word leads 
us to assume that it has a clear definition, and when faced with the necessity of 
 assessing the welfare of animals, it seems logical to try to determine if they too are 
“stressed”. Scientists even claim to have physiological indicators of stress, apparently 
making the concept concrete. Unfortunately, the easy use of the word in everyday 
conversation obscures the semantic tangle that awaits those who venture in too 
deeply. In this chapter, we discuss the concept of stress as a justification for the vari-
ous physiological measures that have been proposed as indicators of animal welfare. 
For a detailed historical exposition of the various concepts or models of stress, and a 
comprehensive review of the physiological systems involved, we refer the reader to 
Toates (1995), Sapolsky (1998), Moberg and Mench (2000), and Tsigos and Chrousos 
(2002). Lane (2006) and Mormède et al. (2007) present very good discussions of the 
relationship between animal welfare and the physiological responses to stress.

In this chapter, we discuss some of the potential and difficulties in using  physiological 
measures to assess animal welfare. We focus primarily on the issues associated with 
validating such measures as indicators of animal welfare, and the complexities and 
 difficulties associated with their measurement. Since our subject is animal welfare, we 
limit our discussion to aspects of the stress response that are the most clearly linked to 
animal welfare; space constraints prevent us from discussing other topics, such as the 
effects of stress on reproduction or meat quality. Although such effects can be of 
 considerable economic importance, they are not directly relevant to animal welfare.

2 The Concept of Stress

One of the more influential models of what stress is and how it can affect animal 
 welfare is that of Gary Moberg (1985, 1996, 2000). The model is outlined in 
Figure 3.1. Moberg distinguishes between three key components of the stress 
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response: (1) the recognition or the perception of the stressor, (2) the biological 
defence against the stressor, and (3) the long-term consequences of the defence 
response for the animal. Most research on the physiological responses to stress has 
focused on the second component. However, we argue below that it is the first and 
the last components, that is, the causes and the consequences of the defence 
responses that are of most relevance for assessing animal welfare.

It is the animal’s perception of threat, rather than the threat per se, that results in a 
stress response. For our purposes, the important fact is that to assess stress it is essen-
tial to understand how animals perceive events. The second component consists of the 
immediate response of the animal to the perceived stressor. The animal’s behavioural, 
neurophysiological, and peripheral physiological responses to stressors are, in most 
cases, defence reactions – attempts by the animal either to deal with or avoid the stres-
sor. Since different stressors will differ in many respects, the ways that the animal tries 
to deal with stressors will also vary from one stressor to another. Thus, we should not 
expect to find many general stress responses that occur irrespective of the type of stres-
sor. Recent reviews of the various responses animals make to stress can be found in 
Mormède et al. (2007), Tsigos and Chrousos (2002), Moberg and Mench (2000), and 
Balm (1999). The two main physiological systems that respond to stress are the sym-
pathetic nervous system (SNS) and the hypothalamic-pituitary-adrenal (HPA) axis. 
Increased activity of the HPA axis is one of the most commonly reported physiological 
responses an animal makes in response to stress. Indeed, early in stress research it was 
assumed that increased HPA activity was a common response to all stressors, which 
led to the idea that increased HPA activity was the defining indication that an event 
was perceived as a stressor. We now know that this assumption is not correct: not all 
stressors lead to increased HPA activity (Pacák and Palkovits, 2001) and there are 
other peripheral physiological responses to stress besides HPA axis activity. However, 
since many different stressors do elicit increased HPA activity, measures of HPA 
activity have figured prominently in the assessment of stress by researchers.

Finally, the third component of Moberg’s model recognizes that the defence 
responses that animals make in dealing with stressors can have long-term conse-
quences that may be deleterious for the animal’s welfare (Figure 3.1). The 
 distinction between the response itself and the biological consequences of the 

Figure 3.1 Outline of model of stress based on that proposed
by Moberg (2000). To elicit a stress response, the stressor 
must first be perceived and evaluated as such by the animal. 
The behavioural and physiological responses are defence 
reactions aimed at dealing with the stressor. If these use too 
much of the animal’s biological resources a pre-pathological 
state can occur, which if prolonged, eventually results in 
some long-term pathology
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response is important for assessing animal welfare. The changes in biological 
functioning that follow the response to a stressor are often more important than the 
actual response itself. This is important to remember because often, when assessing 
animal welfare using physiological measures, it is the defence response that is 
measured rather than the long-term consequences.

Moberg suggests that the total biological cost to the animal of mounting a stress 
response is the most important determinant of welfare. When such costs are great the 
animal can enter a “pre-pathological” state, meaning that the animal comes under 
increased risk of developing some clinical pathology. An essential aspect of this 
concept is that animals have only limited biological resources (e.g. time  available, 
energy, etc.), and these must be distributed among many activities  essential for life 
(e.g. growth, reproduction, immune responses, etc.). Responding to stressors uses 
these resources, making them unavailable for the other activities. One of the primary 
resources is the animal’s energy supply (Wingfield and Ramenofsky, 1999). Many 
of the stressors to which animals respond alter  metabolism and increase energy con-
sumption above basal levels (Wingfield and Ramenofsky, 1999; Steffens and de 
Boer, 1999; Elsasser et al., 2000). Furthermore, the behavioural responses to stress 
can take up the animal’s time (Rushen, 2000) as well as alter the use of specific 
nutrients such as amino acids, minerals, etc. (Elsasser et al., 2000). Thus, the long-
term effects of stress on animal welfare may be estimated by the biological resources 
that the stress response requires (Moberg, 2000).

We suggest that there are two ways that the physiological components of the 
stress response, outlined in Figure 3.1, can be used as a basis of welfare assessment. 
The first is to use these physiological responses as a sign that the animal is experi-
encing some kind of negative emotional response. As we argue later, that assess-
ment is most appropriate when we are dealing with acute stressors. However, the 
measures of physiological responses may also be used to predict the long-term 
negative consequences for the animal, and this approach is likely most appropriate 
when dealing with long-term or chronic stressors.

3 Physiological Responses to Stress

It is important to repeat that not all of an animal’s physiological responses to stress 
can be described simply by measures of HPA axis activity. However, many of the 
principles we wish to discuss can be illustrated with reference to the HPA axis, even 
though they apply to other physiological responses. Thus, in the following section 
we focus primarily on the HPA axis.

3.1 The HPA Axis as a Multilevel System

The physiological responses that we typically measure when an animal is exposed 
to a stressor are the result of changes in activity of a complex, multilevel 
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 physiological system, and this complexity can hinder our ability to correctly 
 interpret any changes that do occur.

The anatomical components and the functioning of the HPA axis in mammals 
has been well described (Toates, 1995; Tsigos and Chrousos, 2002; Mormède 
et al., 2007), but most of the research has been done using laboratory rodents, and 
our knowledge of how the HPA axis is regulated in cattle is lacking. Increased 
activity of the HPA axis following stress is generally taken to begin with increased 
 secretion of corticotrophin-releasing-hormone (CRH) (sometimes called 
 corticotrophin-releasing-factor (CRF) ) from the neurons of the paraventricular 
nuclei of the hypothalamus. Recent research has now shown that CRH and CRH 
receptors are implicated in the effect of stress upon many other physiological 
systems, including the SNS, and upon the behaviour of animals (e.g. Tsigos and 
Chrousos, 2002). The CRH enters the hypothalamic-hypophyseal portal blood 
vessels and induces secretion of adrenocorticotrophic hormone (ACTH) and beta-
endorphin from the anterior pituitary gland into the general blood circulation. 
ACTH, in turn, increases the secretion of corticosteroids or glucocorticoids from 
the adrenal cortex. The  corticosteroids are cortisol and corticosterone, which in 
cattle have been reported to occur at relative concentrations of 2.4:1 (Willet and 
Erb, 1972). Through a  process of negative feedback, increased circulating corti-
sol can reduce secretion of CRH by acting on corticosteroid receptors in the 
hypothalamus.

The multi-step nature of the HPA axis response has implications for how we can 
interpret the response in terms of animal welfare. For example, if our purpose is to 
use changes in HPA activity as an indicator of the emotional response of animals to 
the stressor, then in theory we are best off directly measuring CRH activity, since 
this has the fewest intervening steps from the neurophysiological events that under-
lie the emotional response itself. In practice this is difficult to do since this activity 
occurs within the brain. Therefore we tend to rely on more downstream measures, 
such as cortisol, which can be detected in the blood stream. To further complicate 
matters, the different components of the response generally occur over different 
time periods. Release of CRH triggers the secretion of ACTH within a matter of 
seconds, and, in cattle, plasma concentrations of ACTH typically reach maximum 
values within 10 min of injection of CRH and return to baseline values within 
60–180 min (Veissier et al., 1999). In contrast, the effects of ACTH on corticoster-
oid release occur within minutes, and, in cattle, plasma concentrations of cortisol 
usually reach peak values within 30–90 min of the injection of ACTH and return to 
baseline values within 150–300 min (Lay et al., 1996). Thus, assessment of plasma 
cortisol concentrations generally requires multiple blood samples to be taken every 
15–20 min, while assessment of ACTH concentrations requires the multiple blood 
samples to be taken at even shorter intervals.

Many other neural and endocrine factors can influence the degree of HPA 
activity. There is clear evidence of an opioid receptor-based inhibition of 
HPA activity (Nanda et al., 1992; Rushen et al., 1999a; Tancin et al., 2000) and 
recently, there has been interest in the possibility that central oxytocin may 
reduce HPA responses (Uvnäs-Moberg et al., 2001). ACTH secretion is also 



affected by  vasopressin, oxytocin, and epinephrine (Matteri et al., 2000), while 
corticosteroid release from the adrenal cortex is affected directly by CRH and by 
vasopressin, epinephrine, and various other hormones, neurohormones, and 
immune system  factors (Matteri et al., 2000). In cattle, there is evidence that the 
increase in circulating cortisol that occurs during milking is not a result of ACTH 
secretion (Tancin et al., 2000). These other controlling factors can modulate the 
influence of stress on HPA activity; for example, in cattle it has been shown that 
vasopressin can  potentiate CRH-induced ACTH secretion (Veissier et al., 1999). 
Furthermore, the glands described are not the only source of these hormones, for 
example, in cattle ACTH can also be released from lymphocytes (Dixit et al., 
2001). The important point for our purposes is that changes in concentrations of 
cortisol in the plasma cannot be taken as a simple reflection of the secretion 
of CRH or ACTH; the route from  application of a stressor to the release of cortisol 
into the plasma is a complicated one.

3.2 Basal Activity of the HPA Axis

An important aspect of the HPA axis is that stressor-induced HPA activity occurs 
against a background of changing basal activity. Plasma cortisol concentrations 
in adult cows follow a circadian rhythm but this does not appear to be solely 
related to the light–dark cycle: lowest values occurred between 1700 h and 
0100 h, with the minima at 1800 h and a maximum at 0530 h (Lefcourt et al., 
1993). However, these circadian changes are relatively small: Lefcourt et al. 
(1993) reported an average peak to trough difference of only 1 ng/ml, although 
for individual cows this difference can be larger. Lefcourt et al. (1993) suggested 
that the small size of the circadian rhythm may be related to the unusual sleep 
pattern of adult ruminants. Similar diurnal variation in plasma cortisol has been 
reported for bulls (Thun et al., 1981) but in young calves the situation is somewhat 
different. Hänninen et al. (2006) found highest cortisol concentrations between 
1100 h and 1600 h, with lower concentrations during the night time, although a sec-
ond peak in concentrations was seen between 0400 h and 0700 h. The peak to 
trough  difference was also larger than for adult cows, around 5 ng/ml (Figure 3.2). 
In contrast to the circadian rhythms noted in plasma corticosteroid concentrations, 
milk cortisol concentrations were reported to be lower during afternoon milkings 
(1500 h) than morning milkings (0700 h) (Verkerk et al., 1998).

There is also evidence of larger, high-amplitude peaks in plasma cortisol 
concentrations although the intervals between peaks and the amplitude of the 
peaks varies according to the age and sex of the animals. In adult cows, these 
peaks occurred at regular intervals of 120 min with an amplitude of 16 ng/ml 
(Lefcourt et al., 1993). In growing bulls, peaks tend to occur at a mean interval 
of 135 min with a mean amplitude of 5 ng/ml (Ladewig and Smit, 1989). For young 
male calves, Hänninen et al. (2006) reported that peaks in cortisol concentrations 
occurred at intervals of 4–5 h with a mean amplitude of 7–8 ng/ml. The circadian 
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and ultradian rhythms and the highly pulsatile nature of cortisol secretion have 
important implications for the measurement of plasma cortisol levels.

3.3 The Sympathetic Nervous System

In contrast to the largely endocrine HPA axis, the SNS is primarily neural, being 
a branch of the autonomic nervous system that governs much of the body’s vis-
ceral responses. Arising in the hypothalamus, the SNS makes direct neural con-
nections with many internal organs, of which the cardiovascular system is perhaps 
the most widely studied within the context of stress. The majority of the connec-
tions involve norepinephrine as the neurotransmitter. Complications arise from the 
fact that the SNS also has direct neural control of the adrenal medulla, which 
secretes the catecholamines epinephrine and norepinephrine (and some neuropep-
tide Y) into the general circulation. Thus, the majority of the internal organs can 
be influenced both by direct neural connections and through secondary stimulation 
via circulating catecholamines. Measures of circulating catecholamines therefore 
give only limited information as to the degree of activation of the SNS, and conse-
quently SNS activity is often measured through changes in the activity of the 
organs themselves, for example, through increased heart rate, blood pressure, etc. 
In cattle, the adrenal medulla appears to be the only significant source of epinephrine,
but norepinephrine may also be released directly from the central nervous system 
(Hard et al., 2001).
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Figure 3.2 Plasma concentrations of cortisol in young calves show clear circadian rhythms. 
Concentrations are slightly lower at night time than during the day, but the main factor affecting 
cortisol concentrations is the timing of feed delivery. Cortisol concentrations were highest imme-
diately after the calves were fed. The cortisol concentrations shown are mean values based on 
repeated samples taken at 20-min intervals over 2-h periods of time, beginning at the time of day 
noted on the x-axis (Data from Hanninen et al., 2006.)



4 Measurement of Physiological Changes 
Following Acute Stress

The physiological changes that result when an animal is exposed to a stressor are 
most clearly seen following short-term exposure to a stressor that has a well-
defined beginning and end. When the stress is prolonged or repeated, the nature of 
the physiological response changes (Mormède et al., 2007).

4.1 The Hypothalamic-Pituitary-Adrenal (HPA) Axis

Measures of HPA axis activity in cattle following acute stress have generally relied 
on endocrine measures, most commonly of cortisol or ACTH. These can be 
detected in plasma, but also in other bodily fluids, such as saliva, milk, or urine.

4.1.1 Plasma Hormonal Concentrations

Studies that have taken repeated blood samples with minimal disturbance show that 
basal cortisol concentrations in adult cattle and young calves are generally between 
2 and 5 ng/ml (Ladewig and Smit, 1989; Lefcourt et al., 1993). Application of a 
short-term stress such as social isolation (Figure 3.3), a brief period of transport, 
branding, or dehorning results in a relatively quick increase in plasma concentrations 
which reach peak values of 12–40 ng/ml within 20–45 min, and which usually return 
to baseline values within a few hours, although some treatments can lead to cortisol 
concentrations being elevated for longer (Table 3.1).

Accurate assessment of cortisol concentrations requires that sufficient blood 
samples be taken over the whole period. Typically, blood samples are taken every 
15–20 min. In general, measurements of plasma cortisol would seem to give fairly 
reliable information about the changes in HPA activity following an acute stress.

However, there are a number of methodological issues that have not been fully 
resolved. First, what actual measure should be used – plasma concentrations at 
some defined point in time after the application of the stressor, peak concentrations 
regardless of what time after the stress they occur, or some estimate of the inte-
grated HPA activity over a period of time, such as the area under the curve? Often, 
studies will use a mix of these but without any clear rationale for choosing the best. 
Peak values in cortisol concentrations may not provide the best estimates of HPA 
activity because of a “plateau” effect where cortisol concentrations soon reach a 
maximum and cannot increase further. For example, Veissier et al. (1999) injected 
low doses of CRH (0.01–0.03 µg/kg) into cattle and noted that increases in the dose 
of CRH injected were apparent in increased maximum plasma cortisol concentra-
tions as well as increased length of time that the concentrations remained above 
baseline. However, when larger doses were used (0.1–1 µg), which produced higher 
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Figure 3.3 Plasma concentrations of cortisol often rise quickly when cattle are subject to acute 
stress, such as being isolated in unfamiliar surroundings (lower figure). However, blood sampling 
can be invasive, often requiring the animal to be catheterized and handled repeatedly to obtain 
blood samples (Data from the experiment described in Rushen et al., 2001b.)

plasma cortisol concentrations, maximum cortisol concentrations soon reached a 
plateau and increasing the doses of CRH did not result in further increases in 
maximum concentrations. Rather there was an increase in the duration of time that 
the concentrations remained above baseline. In contrast, peak concentrations of 
plasma ACTH did continue to reflect the dose of CRH used. Similar results are 
found when ACTH is injected (Lay et al., 1996). This plateau effect suggests that 
large increases in HPA activity may not be apparent in the maximum plasma 
 cortisol concentrations achieved but in the length of time that plasma cortisol con-
centrations remain elevated above baseline. This is best determined from an 



Table 3.1 Effects of various acute treatments on plasma cortisol concentrations of cattle. 
Concentrations are given either as nanograms per millilitre (ng/ml) or nanomoles per litre (nmol/L)

Treatment Type of animal Baseline Peak values
Time of 
peak

Return
to baseline

Branding1 Yearling beef 
heifers

10–15 ng/ml 35–37 ng/ml 20 min 60 min

Branding2 Beef calves 10–20 ng/ml 35 ng/ml NA NA
Dehorning3 3–4-month-old

calves
20–40 nmol/L 130–140 nmol/L 30 min 7 h

Dehorning + 
analgesia4

3–4-month-old
calves

20–40 nmol/L 65 nmol/L 6–7 h ∼12 h

Castration5 5-month-old
bulls

5–9 ng/ml 46 ng/ml 30 min 8–10 h

Castration + 
anesthesia6

5-month-old
bulls

5–9 ng/ml 35 ng/ml 30 min 8–10 h

Castration7 13-month-old
bulls

8 nmol/L 100 nmol/L 30–60 min 2–6 h

Castration + 
analgesia8

13-month-old
bulls

8 nmol/L 67 nmol/L 30 min 2 h

Transport9 Pregnant heifers <5 ng/ml 25–35 ng/ml* NA NA
Isolation/new 

surround-
ings10

Lactating cow 5–7 ng/ml 25 ng/ml 45 min 90 min

Milking11 Lactating cow 2–3 ng/ml 12 ng/ml 15 min 2 h
ACTH 

injection12

Pregnant heifers 10 ng/ml 50–60 ng/ml 15–90 min >5 h

1 Schwartzkopf et al., 1997a; 2Lay et al., 1992b; 3,4Sutherland et al., 2002; 5,6Fisher et al., 1996; 
7,8Ting et al., 2003; 9,12 Lay et al., 1996; 10Rushen et al., 2000; 11Negrao et al., 2004.
*Value obtained at the end of transport.
NA = not available.

 integrated measure of area under the curve based on a number of blood samples. In 
summary, the issue of what is the best measure of changes in plasma concentrations 
of cortisol remains unresolved; however, it is clearly unwise to rely on single sam-
ple measures of cortisol secretion.

4.1.2 Hormonal Concentrations in Other Bodily Fluids

Measurement of cortisol concentrations in the blood requires blood sampling, 
which entails either use of a catheter or some form of venipuncture. HPA activity 
is known to be sensitive to the handling associated with catheterization and blood 
sampling, and there is always the risk that stress at the time of handling might influ-
ence HPA activity to the extent that the effect of other stressors is masked (Figure 3.3).
Thus, there is interest in sampling cortisol concentrations in other bodily fluids, 
such as saliva, urine, or milk, which might be obtained with fewer disturbances to 
the animals (reviewed in Mormède et al., 2007).
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For lactating dairy cows, milk is an obvious alternative to blood, since milk 
collection is a routine procedure with which the cows are familiar. Steroid hormones
that permeate cell membranes should pass directly from the blood into the alveolar 
secretory cells of the mammary gland and thus into the cisternal milk. The concen-
tration of these hormones in milk should thus be a direct function of the concentra-
tions in the plasma integrated over a period of time (Bremel and Gangwer, 1978). 
A number of studies have found correlations between the concentrations of cortisol 
in milk and in plasma following injections of ACTH and other stresses such as 
transport (Bremel and Gangwer, 1978; Verkerk et al., 1998). Thus, the concentra-
tions of milk cortisol can be used to estimate the concentrations in plasma. 
However, there are a number of factors that limit the usefulness of milk cortisol 
concentrations.

First, cortisol concentrations in milk tend to be much lower than those in 
plasma. Bremel and Gangwer (1978) injected a high dose of ACTH into lactating 
cows that resulted in peak concentrations of plasma cortisol of 60 ng/ml in 8–10 h; 
cortisol concentrations remained elevated for up to 48 h. Cortisol concentrations in 
the milk collected 8 h later were significantly elevated to 6–12 ng/ml (compared to 
a baseline of around 2 ng/ml). The increase in milk concentrations was therefore 
much smaller and is likely to be less sensitive to differences in the magnitude of 
the stress. Furthermore, there was a very large variation between cows, with some 
cows consistently having milk cortisol concentrations above 10 ng/ml even when 
there was no apparent stress. Verkerk et al. (1998) obtained similar results using a 
smaller dose of ACTH, and found cortisol concentrations in milk decreased fairly 
quickly, so that when milking occurred 4 h after the injection of ACTH, milk cor-
tisol levels were not elevated above those of the control group. The concentrations 
of cortisol in foremilk were also found to differ from those in the remainder of the 
milk, which the authors suggested was due to the distribution of milk between the 
cistern and the alveolar cells prior to milking. When plasma cortisol levels begin 
decreasing, the cortisol in the milk that is still within the alveolar cells is thought 
to diffuse back into the blood stream more quickly than cortisol in milk that has 
already entered the cistern. If this is true then cortisol concentrations in milk may 
be markedly affected by the ratio of cisternal and alveolar milk. This will intro-
duce an extra source of variance making it difficult to draw firm conclusions about 
the magnitude of the stress response. Finally, although milking is a regular event, 
we should not assume that it is not stressful to the cows (Rushen et al., 1999b). In 
short, there are several disadvantages of using milk cortisol concentrations to 
assess acute stress in cattle.

Assessment of cortisol in saliva has been used successfully in other species 
such as pigs, where cannulation is difficult. Figure 3.4 shows that salivary cortisol 
levels in cattle closely follow those in the plasma following ACTH injection 
(Negrao et al., 2004). However, as with milk cortisol concentrations, the values 
are substantially lower, suggesting a lower sensitivity to the magnitude of the 
stressor. It is easier to control the timing of saliva samples than of milk samples, 
but in our experience it is more difficult (and probably more stressful) to take 
saliva samples rather than blood samples from cattle. Unless it is very difficult to 



take blood samples, use of salivary cortisol measures do not appear to hold any 
advantages.

Möstl and Palme (2002) have suggested that the concentrations of cortisol or its 
metabolites in urine or faeces may be useful under some circumstances. However, 
insufficient research has been done on cattle to judge this. Palme et al. (2000) did 
find an increased concentration of cortisol metabolites in the faeces of cows follow-
ing transport. Again, given the difficulties of controlling the time at which urine or 
faecal samples can be taken, use of urine or faeces would seem limited to cases 
where it is impossible or very difficult to handle the animals sufficiently to take 
either blood or saliva samples. Free-ranging beef cattle might be one example. In 
such cases, however, the development of automated blood sampling techniques 
may be a more accurate alternative.

4.2 Measures of the Sympathetic Nervous System

The responses of sympathetic nervous system activity to stress have been measured 
far less often in cattle than have changes in HPA activity. Some studies have 
 measured plasma concentrations of epinephrine and norepinephrine (e.g. Lefcourt 
et al., 1986; Locatelli et al., 1989; Petty et al., 1994; Hydbring et al., 1999; Hopster et al., 
2002; Mellor et al., 2002). Plasma epinephrine and norepinephrine concentrations 
rise markedly after painful events such as dehorning (Mellor et al., 2002). For 
epinephrine, the increase is rapid, with peak values being reached within 5 min and a 
return to baseline at 10 min. If the stress is prolonged for 30 min, plasma concentra-
tions of epinephrine stay elevated, but still drop below peak values fairly quickly 
(Locatelli et al., 1989). For norepinephrine, the increase following dehorning is more 
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Figure 3.4 Cortisol concentrations in both plasma and saliva following injections of ACTH. Data 
taken from Negrao et al. 2004
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gradual, peak values being reached within 15–20 min, with a return to baseline values 
about 60 min after dehorning (Mellor et al., 2002). However, changes in norepine-
phrine were not noted after a period of simulated transport, even though plasma cor-
tisol and epinephrine concentrations were elevated (Locatelli et al., 1989). The rapid 
rise and fall of epinephrine concentrations indicate the difficulty of using measures of 
these hormones in practical situations. Accurate assessment of the peak values would 
require frequent blood sampling at short intervals (5 min or less).

An alternative approach to measuring SNS responses has been to look at 
changes in the cardiovascular system. Heart rate has been the measure most often 
used. With modern techniques, heart rate can now easily be measured with teleme-
try. The most common approach has been to measure average heart rate over a 
period of time. Average heart rate in adult cattle tends to be around 70–90 beats per 
min (e.g. Boissy and LeNeindre, 1997; Rushen et al., 1999a; Waiblinger et al., 
2004). Heart rates increase to about 90–120 beats per min during acute stress, for 
example, during a period of social isolation (Boissy and Le Neindre, 1997; Rushen 
et al., 2001b). The problem with this approach is that heart rate will closely reflect 
the posture and activity of the animal, and this may mask any changes due to the 
stressor. For example, de Passillé et al. (1995) found that heart rate increased when 
calves were placed in an open-field test. However, the calves also increased their 
activity, and multiple regression showed that the increased activity accounted for 
the entire rise in heart rate. More recent research has investigated whether measures 
of the variability of heart rate may be more effective in detecting responses to acute 
stress, with some limited success (Després et al., 2002; Mohr et al., 2002; Hagen 
et al., 2005). However, Després et al. (2002) did not detect any measures of heart 
rate variability that clearly reflected sympathetic tone. More research is needed to 
determine which measures of cardiovascular activity are the most appropriate 
to assess animals’ responses to acute stress.

In general, measures of sympathetic nervous system activity appear to reflect fairly 
rapid responses of animals to a challenge, and mainly because of measurement diffi-
culties, appear to have limited value in the assessment of animal welfare at this time.

4.3 Residual Milk and Reduced Oxytocin Secretion

Inhibition of oxytocin secretion during milking or lactation is a common response 
of lactating cows to acute stress. A variety of acute stressors, such social isolation 
in novel surroundings (Bruckmaier et al., 1993), or fear of the people present at 
milking (Rushen et al., 1999b) lead to inhibition of milk ejection in cattle. 
This inhibition can either be a centrally mediated inhibition of oxytocin secretion 
or a peripheral inhibition of milk ejection even in the presence of normal levels of 
oxytocin (Bruckmaier and Blum, 1998; Wellnitz and Bruckmaier, 2001). A central 
inhibition of oxytocin secretion can be detected by an absence of peak increases in 
circulating oxytocin concentrations or by an increased volume of residual milk, 
which is obtained by giving oxytocin injections after normal milking (Figure 2.5 in 
the previous chapter). The neurophysiological causes of the central inhibition of 



oxytocin are not clear, but they do not appear to be opioid based or involve catecho-
lamines (Wellnitz and Bruckmaier, 2001; Macuhova et al., 2002). In contrast, the 
peripheral inhibition of milk ejection does appear to be a consequence of sympa-
thetic nervous system activity, since it is mediated by adrenergic receptors (Wellnitz 
and Bruckmaier, 2001). Suppression of oxytocin secretion and the resulting 
increase in residual milk is an effective way of detecting acute stress at the time of 
milking. While a failure of milk ejection is undoubtedly important for production 
efficiency, it is difficult to judge whether this represents a welfare problem, except 
perhaps in the case of nursing cows where milk ejection failure may lead to a food 
shortage in the calf. Furthermore, we know little about the nature of the underlying 
emotional responses and the central inhibition of oxytocin secretion is not well cor-
related with behavioural indicators of fearfulness, such as increased vocalization or 
defecation (Rushen et al., 2001b).

5 Detection of Chronic or Prolonged Stress

Blood sampling for cortisol or catecholamine assays may be an appropriate means 
of detecting HPA or SNS responses to acute stress that have a well-defined begin-
ning and end. However, this method is far more problematic when dealing with 
prolonged stress (such as occurs with the effects of housing) or where the end of 
the stress is not well defined (e.g. where there may be prolonged effects, such as 
chronic pain following dehorning or tail docking) (Mormède et al., 2007). Because 
of the difficulties in assessing prolonged or chronic stress in terms of plasma con-
centrations of hormones, there has been interest in developing tests in which the 
HPA axis is challenged in some way (see Mormède et al., 2007).

5.1 Plasma Hormonal Concentrations During Chronic Stress

There are three important issues that affect our ability to assess chronic changes in 
HPA activity from changes in blood cortisol concentrations.

The first is a methodological issue and involves the pulsatile release of cortisol and 
the number of samples required to detect long-term changes in pulsatile release. Due 
to the pulsatile secretion of cortisol from the adrenal gland (discussed in Section 3.2 
of this chapter), plasma cortisol concentrations can change by as much as 5–20 ng/ml 
in a few minutes or a few hours (Ladewig and Smit, 1989). This makes it difficult to 
assess effects of different conditions on HPA activity by taking single blood samples. 
The concentrations of cortisol in a single sample can vary greatly depending on when 
the sample was taken relative to a pulse. Since these pulses do not appear to be closely 
related to external events such as feeding or milking, it is difficult if not impossible 
to know when they occur relative to the sample. Thus, assessment of chronic changes 
in plasma cortisol concentrations will require sufficient number of samples taken over 
the day to control for both circadian and ultradian rhythms.
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The second issue is a theoretical one: even if sufficient samples are taken to 
determine average plasma concentrations over the day, there remains the question 
as to whether or not the average concentration is the most appropriate measure or 
whether an alternative measure of the nature of the pulsatile release or of the circa-
dian rhythm might be more appropriate. In examining the effects of lying depriva-
tion on HPA activity in cows, Munksgaard and Simonsen (1996) took blood 
samples every 30 min for 7.5 h. They found no treatment effects on daily average 
ACTH concentrations, but there was an increased ACTH concentration at certain 
times of the day. Ladewig and Smit (1989) noted that when young bulls were teth-
ered, average plasma concentration of cortisol increased but so did the nature of the 
pulsatile release: they reported an increase in the duration and frequency of the 
pulses, but not in their amplitude. Munksgaard and Simonsen (1996) also reported 
a reduction in the number of peaks in ACTH concentrations in cows that had been 
prevented from lying down for 14 h per day for 3 weeks. Thus, measures of the 
nature of the pulsatile release of cortisol may provide a more appropriate way of 
assessing HPA responses to chronic stress than average plasma concentrations.

A third issue concerns the nature of the adaptation in HPA activity that occurs 
when stress is prolonged. Ladewig and Smit (1989) found that the increased pulsa-
tile secretion of cortisol that occurred when bulls were first tethered was absent 1 
month later. This may, at first, be taken as evidence that the bulls had fully adapted 
to the stress. However, when the researchers measured the amount of cortisol that 
was released in response to ACTH injections they noticed that the apparently 
adapted bulls showed a smaller response. Thus the reduced plasma secretion of 
cortisol might have been due purely to a reduced sensitivity of the adrenal cortex to 
ACTH, without necessarily any change in the amount of ACTH or CRH being 
released (which was not measured). Thus, prolonged or chronic stress may alter the 
sensitivity of various components of the HPA axis, which may not be apparent in 
the plasma levels of cortisol.

Because of these difficulties in using plasma concentrations of cortisol, there has 
been marked interest in using various measures of HPA responsiveness (“challenge 
tests”) to detect the effects of chronic stress (see Mormède et al., 2007).

5.2 Challenge Tests

For cattle, three types of challenge test have been used or proposed. These have 
involved examining changes in adrenal cortex responsiveness to ACTH stimulation 
(ACTH test), changes in pituitary responsiveness to CRH stimulation (CRH test), 
and changes in glucocorticoid control of CRH secretion (the dexamethasone test).

5.2.1 The ACTH Test

The ACTH test involves injecting the animal with a standard dose of ACTH and 
measuring the changes in plasma cortisol concentrations that follow. These changes 



reflect the sensitivity of the adrenal cortex to ACTH stimulation. An alternative 
approach is to measure the ratio of plasma cortisol to plasma ACTH following 
application of a stressor or injection of CRH. The principle behind this variant is 
that, if the adrenal cortex is more sensitive to ACTH stimulation, then the ratio of 
cortisol: ACTH should be higher.

In one of the first uses of the ACTH test on cattle, Gwazdauskas et al. (1975) 
noted that cattle exposed to heat stress did not show changes in plasma cortisol 
 concentrations but secreted lower amounts of cortisol when injected with ACTH. 
They suggested that the continued stimulation of the adrenal gland by ACTH, which 
occurs when the stress is prolonged, results in reduced responsiveness of the adrenal 
cortex. However, subsequent studies found that prolonged stress associated with 
social competition for lying stalls resulted in an increased, rather than a reduced, 
cortisol secretion to ACTH (Friend et al., 1977, 1979). In an attempt to unravel the 
time course of the effect, Gwazdauskas et al. (1980) gave repeated sequential 
 injections of ACTH (seven injections over 3 days) and found that the increase in 
cortisol concentrations following ACTH was highest on the second day of treatment 
and that this began to decline on the third day. They suggested that prolonged stress 
would result in an initial increase in sensitivity of the adrenal gland followed by a 
decrease. Support for this was provided by Friend et al. (1977), who noted that 
increased density of cows in a free stall barn resulted in an enhanced cortisol 
response to ACTH on day 2, which was diminished on day 3.

Other research, however, has suggested that the picture may not be so simple. 
Ladewig and Smit (1989) did detect a reduced adrenal response 1 month after teth-
ering bulls. In contrast, Munksgaard et al. (1999) prevented bulls from lying down 
for 14 h per day and noted an increased cortisol response to ACTH injection 53 
days after the deprivation began. However, a similar experiment with cows found 
no such effect after 3 weeks (Munksgaard and Simonsen, 1996). Fisher et al. (2002) 
found that reducing the amount of time that cows could lie down resulted in an 
increase in plasma cortisol and also increased cortisol: ACTH ratio in plasma con-
centrations (presumably reflecting an increased adrenal sensitivity to ACTH) at 
least 9 days after the beginning of the deprivation period.

The time course of this initial increase in adrenal sensitivity followed by a 
decrease will likely depend on the magnitude of the stress and the interval 
between subsequent stressors. For example, studies that have used different 
doses of ACTH suggest that a greater stimulation of the adrenal gland by larger doses 
of ACTH will result in a quicker suppression of the cortisol response (Gwazdauskas 
et al., 1980). However, when ACTH is injected repeatedly at intervals of 20 days, 
no change in adrenal sensitivity is detected (Lay et al., 1996). Thus it is unclear 
whether a prolonged or chronic stress will reduce or increase adrenal sensitivity. 
The inconsistent findings make the ACTH test difficult to interpret. Furthermore, 
cortisol responses to ACTH injection do not appear to correlate well with cortisol 
responses to an actual stressor (e.g. Van Reenen et al., 2005). Our ability to use 
the ACTH test as a measure of responsiveness will be enhanced once we know 
more about the mechanisms by which ACTH does stimulate cortisol synthesis 
and secretion and how these mechanisms change in response to repeated  activation 
of the HPA axis.
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5.2.2 The CRH Test

Research with people and other animals suggests that the anterior pituitary may be 
less sensitive to CRH stimulation following exposure to long-term stress. This can 
be assessed by measuring the size of the increase in ACTH concentrations in the 
plasma following an injection of CRH. Veissier et al. (1999) established a dose-
response curve for young calves and found a threshold dose of CRH to be around 
0.03µg/kg body weight, while all animals were responding with increased ACTH 
following 0.1 µg/kg body weight. Fisher et al. (2002), working with cows, and 
Munksgaard et al. (1999) working with bulls found that preventing animals from 
resting for many hours a day resulted in a reduced ACTH response to CRH that was 
apparent during the first 6 days after the treatment commenced; Munksgaard et al. 
(1999) found that this affect was absent 49 days after treatment commenced. This 
provides evidence for desensitization (at least in the short term) of the pituitary to 
CRH in response to a stressor.

Unfortunately the ability of the CRH test to detect responses to stress in cattle 
has not yet been adequately evaluated for its use to be recommended.

5.2.3 The Dexamethasone Test

Circulating corticosteroids exert a negative feedback on the secretion of CRH and 
ACTH primarily acting on corticosteroid receptors in the hypothalamus. 
Injections of corticosteroids (usually the synthetic glucocorticoid, dexametha-
sone) therefore reduce circulating concentrations of ACTH. Numerous studies on 
stressed rodents or depressed humans have shown that in these cases, injections 
of dexamethasone result in a smaller-than-usual reduction in ACTH concentra-
tions, suggesting a reduced negative feedback of corticosteroids. The only study 
to use this test in cattle (Fisher et al., 2002) found no effects of feed deprivation 
or reduced lying time, perhaps because the stressors were not sufficiently severe. 
Thus, evaluation of this test as a means of detecting chronic stress in cattle awaits 
further studies.

5.3 Conclusions

The assessment of chronic stress in cattle through physiological measures 
remains highly problematic partly because of the difficulty in detecting the 
changes that occur in physiological systems during a prolonged stress, but also 
because we still lack a good picture of how the functioning of the HPA axis in 
cattle changes with chronic stress. This places a major limitation on our ability to 
use such data to assess the effects of long-term challenges, such as housing, on 
animal welfare.



6 Validating Physiological Measures of Welfare: 
Signs of Suffering

So far we have focused on the technical difficulties in measuring physiological 
responses. However, another obstacle to the use of physiological data to assess 
animal welfare involves the extent that changes in physiological variables have 
been validated as indicators of animal welfare.

The measures of physiological activity, such as changes in HPA axis activity, 
have been promoted and used to assess animal welfare many times, but others have 
questioned the extent to which such changes really do reflect the level of animal 
welfare (e.g. Rushen and de Passillé, 1992). Throughout this book, we have argued 
that indicators of animal welfare need to be validated, that is a link between the 
measures of welfare chosen and an acceptable definition of animal welfare must be 
shown. Unfortunately, this has rarely been done for many physiological measures 
of stress. Based on the model of Moberg (Figure 3.1), we suggest that physiological 
changes, such as altered activity of the HPA axis, can be taken to indicate changes 
in animal welfare if these physiological changes indicate that the animal is  suffering 
from some aversive emotional experience, for example, experiencing pain, fear, 
anxiety, etc.

Relating a change in a physiological variable to the animal’s emotional 
 experience is not easy. Evidence for a link between HPA axis activity and  long-
term or chronic suffering tends to be indirect, and is often circumstantial and 
requires that we accept an extrapolation from human experience.

Our confidence that the physiological changes do indicate suffering would be 
enhanced if we could show that such changes occurred when we submitted the 
 animals to a procedure that we have good reason to believe is aversive. In the case 
of pain, this argument is further supported if the use of analgesics or anaesthetics 
reduces or prevents the physiological changes from occurring. Numerous studies 
have shown increases in plasma cortisol concentrations following apparently 
 painful procedures such as branding, castration, and dehorning in cattle (see 
Chapter 5; Table 3.1). Furthermore, these increases are effectively reduced by the 
use of analgesics or local anaesthetics. Thus, there seems little dispute that pain can 
result in marked increases in HPA activity in cattle.

However, a number of apparently painful treatments do not increase HPA activity. 
When given a brief electric shock, cattle will show marked behavioural signs of dis-
tress and increased heart rate but do not show increased cortisol concentrations 
(Lefcourt et al., 1986). In heifers, cortisol concentrations increase during parturition, 
but do not differ between heifers that calve without difficulty and those that have a 
prolonged parturition requiring human assistance (Hydbring et al., 1999). Furthermore, 
plasma concentrations of corticosteroids often appear to reach an upper boundary or 
“ceiling” (see Section 4.1.1 of this chapter) such that they are little value in discrimi-
nating between pains of different intensities (Mormède et al., 2007). For sheep, 
measures of plasma corticosteroids are less effective than  behavioural changes at 
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detecting pain responses (Molony et al., 2002). Most  importantly, increased plasma 
concentrations of cortisol also occur following events that do not, on the surface, 
appear to be painful or cause suffering, for  example, after sexual behaviour, feeding, 
and milking (Borg et al., 1991; Lindstrom et al., 2001; Bruckmaier et al., 1993; 
Negrao et al., 2004). Similarly, increases in heart rate have been reported to occur in 
situations associated with positive emotions (e.g. Hagen and Broom, 2004). In other 
cases, treatments known to be stressful, such as increased ambient temperatures, can 
result in reduced cortisol concentrations (Ronchi et al., 2001). In short, increases in 
plasma cortisol concentrations alone cannot be taken as sufficient evidence that the 
animal is  suffering and their measurements do not provide good information about 
the degree of suffering the animal is undergoing.

Another justification for using tests of HPA function to assess chronic suffering 
in animals comes from findings that similar tests can detect human depression. 
A large body of research has found altered functioning of the HPA axis in people 
suffering from depression or anxiety (Risbrough and Stein, 2006). However, the 
nature of the changes in HPA functioning appears to vary greatly according to 
which type of depressive disorders the people suffer from (Watson et al., 2002). 
Thus, while it is clear that changed activity in HPA axis activity is associated with 
psychological disorders leading to intense human suffering, the details differ from 
disorder to disorder, making it very difficult for us to infer what sort of changes in 
HPA axis activity we would expect to see in animals suffering in similar ways. The 
research done to date does not provide sufficient justification for using these tests 
to assess the degree of chronic suffering.

We conclude that changes in HPA activity cannot be used with much confidence 
to infer that cattle are suffering.

7 Validating Physiological Measures of Welfare: Biological 
Consequences of Physiological Changes

A second way of validating physiological measures as indicators of animal welfare 
is to show that the physiological changes have biological effects that can them-
selves cause suffering, for example, through stress-induced immunosuppression 
leading to disease.

In reviewing the biological consequences of HPA axis activity, we must bear in 
mind the following caveats. First, the biological effects of stress are not always due 
to increased HPA axis activity, but may reflect stress-induced changes in other 
endocrine systems. Second, even if the HPA axis is involved, the effects may not 
always be due to circulating corticosteroids. Third, different components of the 
HPA response, i.e. CRH, ACTH, and corticosteroids, can have quite different bio-
logical effects. Fourth, the biological effects differ between acute and chronic 
HPA axis activation and will also depend on the magnitude of the changes in HPA 
axis activity. In some cases, the temporary activation of the HPA axis following 
acute stress may have beneficial effects on the welfare of the animals.



Of course, increased HPA axis activity per se is not necessarily detrimental for 
the animal – many of the effects of increased HPA activity following a stressor are 
beneficial to the animal, either by helping the animal cope with the stressor or by 
limiting the damage caused by other defensive mechanisms evoked by the stressor 
(Sapolsky et al., 2000). Thus, evidence of increased HPA axis activity is not neces-
sarily a sign of reduced welfare. Whether an increase in HPA activity is detrimental 
or beneficial for the animal will depend on the magnitude and the duration of the 
change. Negative effects of increased HPA activity on welfare come most often 
when the increase is large or prolonged in time. More subtly, however, the effects 
of increased HPA activity on overall welfare will be judged differently according 
to which particular consequence of HPA (e.g. metabolic or immune) we are exam-
ining. While it may be possible to identify if a particular consequence of HPA 
activity is negative or positive for animal welfare, it is much more difficult to judge 
whether the sum total of all the consequences is positive or negative. For this rea-
son, we believe that considerable caution should be exercised in using measures of 
HPA activity to assess animal welfare.

Although activation of the HPA axis has a wide range of effects on animals, 
including various pathological histological changes in a number of organs, research 
on cattle has concentrated mainly on documenting metabolic effects and effects on 
the immune system.

7.1 Metabolic Consequences of Stress-Induced HPA Activity

Evidence that increases in HPA activity may signal a reduction in animal welfare 
comes from the metabolic consequences of increased HPA axis activity. Animals 
subject to chronic stress generally suffer from marked disturbances of metabolism 
associated with reduced feed intake, negative energy balance, an increased 
 metabolic rate, and subsequently loss of body weight or reduced growth (Elsasser 
et al., 2000; Dallman, 2001). In rodents, a decrease in body weight has been 
 proposed as a reliable measure of the response to chronic stressors (Dallman, 
2001). This loss of body weight following stress is not due solely to the reduced 
feed intake (Smagin et al., 1999) but results from a variety of tissue-specific 
 metabolic changes (Zhou et al., 1999). These metabolic effects can also be seen in 
changes in the structure of a number of organs (Tsigos and Chrousos, 2002).

Activation of the HPA axis is partly responsible for these effects; intracerebro-
ventricular (icv) infusions of CRH can mimic the stress-induced reductions in feed 
intake and loss of body weight (e.g. Linthorst et al., 1997), and icv injections of a 
CRH receptor antagonist can block these metabolic consequences of stress (Smagin 
et al., 1999). However, repeated stress results in long-lasting changes in  metabolism 
associated with a sustained loss of body weight that outlasts the initial activation of 
the HPA axis (Smagin et al., 1999) and which may persist for some time after the 
stressor itself has been removed (Zhou et al., 1999). Corticosteroids are major 
 catabolic hormones leading to a mobilization of energy for dealing with  emergencies 
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rather than long-term growth or development (Wingfield and Ramenofsky, 1999; 
Sapolsky et al., 2000) and the principle metabolic effect of corticosteroids is to 
increase glucose concentrations in the circulation via a variety of mechanisms 
(Sapolsky et al., 2000). Nevertheless, the release of CRH during stress may have 
metabolic effects independently of the peripheral secretion of corticosteroids 
(Linthorst et al., 1997). Furthermore, the different components of the HPA axis can 
influence metabolism in different ways: infusions of CRH tend to reduce feeding 
behaviour and feed intake (e.g. Linthorst et al., 1997) whereas slight increases in 
corticosteroids may increase feed intake (Wingfield and Ramenofsky, 1999; 
Sapolsky et al., 2000). Finally, the metabolic consequences of elevated corticos-
teroids can vary greatly according to the presence of other hormones, principally 
insulin (Sapolsky et al., 2000). These complexities need to be borne in mind in 
reviewing the effects of increased HPA activity on metabolism.

In cattle, the effects of increased HPA activity on metabolism have been shown 
mainly by the changes in plasma concentrations of metabolites following injections 
of either ACTH or cortisol. However, the importance of these changes for animal 
welfare is difficult to determine. The effects on animal welfare of the metabolic 
consequences of stress-induced increases in HPA axis activity would be more 
 obvious if these were apparent in reduced growth rates of young animals, or drops 
in body weight or body condition of adults.

7.1.1 Effects of HPA Activity on Growth in Young Cattle

Evidence that stress-induced increases in circulating cortisol can reduce the growth 
of cattle comes from studies of castration of beef bulls. Castration generally leads 
to immediate increases in cortisol and reductions in growth rates (see Chapter 5). 
Chase et al. (1995) noted a small but significant negative correlation across animals 
between the size of the increase in circulating cortisol and the drop in growth rate 
that followed castration, while Fisher et al. (1996) noted that use of a local anaes-
thetic reduced the effect of castration on both the magnitude of the cortisol increase 
and the growth rate. By injecting metyrapone, which blocks the synthesis of 
 cortisol in the adrenal glands, Fisher et al. (1997b) were able to reduce the acute 
increase in circulating cortisol that followed castration and noted an improvement 
in weight gains over 7 days. Increases in circulating ACTH were noted (because of 
the reduced negative feedback from cortisol) suggesting that the effect was due to 
a reduction specifically in circulating cortisol. However, feed intake was also 
increased so it is not clear if the effect was due to changes in feed consumption or 
because of a direct effect of cortisol on metabolism. In contrast to these findings, 
injections of cortisol, which mimicked the rise in cortisol that followed castration 
did not reduce growth rates (Fisher et al., 1997a), suggesting that the increases in 
circulating cortisol is not the only factor involved. Together these studies provide 
some evidence that the increased activation of the HPA axis that follows castration 
may have effects on the weight gains of the animals. However, the mechanisms 
behind this remain unclear.



When cortisol concentrations are elevated to the point where growth is reduced, 
and this elevation is sustained, we may conclude that some threats to long-term 
welfare are likely. However, again we must be careful not to conclude that all 
changes in metabolism of young animals due to increases in circulating cortisol will 
have an adverse effect on welfare. Bellows and Lammoglia (2000) noted lower 
body temperature in newly born calves after calving difficulties, which reduced 
their chances of survival in a cold temperature. This was associated with lower 
 circulating cortisol than in normally born calves, which may have contributed to 
their reduced thermogenic response. In this case, elevated cortisol concentrations 
were associated with increased survival.

7.1.2 Effects of HPA Activity on Metabolism of Adult Animals: 
Transition Cows

Modern dairy cows suffer from a variety of disorders, such as milk fever, ketosis, 
displaced abomasum, and laminitis which become apparent or have their origin 
during the first few weeks after parturition, a period at which the cow additionally 
suffers from an increased risk of infectious diseases (Goff and Horst, 1997; 
Drackley, 1999; Chapters 2 and 9). During this period, the energetic demands for 
tissue maintenance and lactation exceed the cow’s ability to obtain energy from 
feed, and the resulting negative energy balance that is often held partly responsible 
for the health problems that occur (Collard et al., 2000; Goff, 2006). This negative 
energy balance and many of the health problems that have their origin at parturition 
are partly due to the reduction in feed intake that occurs during the weeks before 
and after parturition (Ingvartsen and Andersen, 2000). Goff and Horst (1997) have 
reviewed much of the evidence of the endocrine changes that occur around parturi-
tion that may impact energy balance. Plasma cortisol concentrations increase 
 during the day of parturition and the day after (Goff and Hurst, 1997; Ingvartsen 
and Andersen, 2000). Given the generally catabolic effects of increased HPA activ-
ity, it seems likely that increased HPA activity at or soon after parturition would 
increase the negative energy balance and thus exacerbate these problems.

In a number of species, central injections of CFH can reduce feed intake via a 
central neural mechanism (Ingvartsen and Andersen, 2000) suggesting that the 
reduction in feed intake around parturition may be due to activation of the HPA 
axis at that time. We have little information to judge the role of increased HPA axis 
activity in influencing feed intake in cattle, but Ingvartsen and Andersen (2000) 
suggest that the reduction in feed intake tends to last longer than does the increased 
activation of the HPA axis indicating that other factors may also be important.

Unfortunately, there is very little information to judge whether or not increases 
in circulating corticosteroids do produce metabolic changes that affect the transi-
tion cow. Horst and Jorgensen (1982) noted that cows suffering from milk fever 
(hypocalcaemia) had higher plasma cortisol concentrations on the day of calving 
and that across cows there was a negative correlation between plasma cortisol con-
centrations and plasma calcium concentrations. However, injections of cortisol did 
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not reduce calcium concentrations, and Horst and Jorgensen (1982) conclude that 
elevated cortisol is a consequence rather than a cause of the reduced calcium con-
centrations. In fact, the elevated cortisol may help the animals cope with hypocal-
caemia through a reduction in plasma phosphate concentrations (Horst and 
Jorgensen, 1982) again reminding us that elevations in circulating corticosteroids 
are not necessarily harmful to the animals.

Despite the important metabolic role of corticosteroids and their likely effect on 
energy balance, we have little information to judge the seriousness of the metabolic 
consequences of increased circulating cortisol in the periparturient cow. More evi-
dence is available for the likely effect on the immune system, as  discussed below.

7.1.3 Conclusions

In conclusion we have as yet no good reason to believe that the magnitude of the 
HPA responses to ordinary husbandry stressors in cattle is sufficient to reliably 
induce metabolic disturbances of a magnitude that affects welfare.

7.2 HPA Axis Activity and the Immune System

7.2.1 Overview

Early research emphasized the suppressive effects of stress on the immune 
 system, and the idea that stress can render animals and people more susceptible 
to disease has entered the public consciousness. Activation of the HPA axis, 
especially the elevation of circulating glucocorticoids, can have wide-ranging 
suppressive effects on many parameters of the immune system (Munck et al., 
1984). It is beyond the scope of this book to document the relationship between 
HPA activity and the immune system; fortunately a number of excellent reviews 
are available (e.g. Elenkov and Chrousos, 1999; Maule and Vanderkooi, 1999; 
Blecha, 2000; Sapolsky et al., 2000), and we shall rely on these. The mechanisms 
underlying the suppressive effects of HPA axis activity on the immune system 
have been extensively explored. Although CRH and ACTH may have direct 
effects upon immune system, most research has concentrated on the role of the 
glucocorticoids. The most general effect of these is to inhibit the action of 
cytokines and other mediators that promote immune and inflammatory responses.

However, recent research has now shown the complexity of the relation between 
the HPA axis and the immune system, and there is now ample evidence that activa-
tion of the HPA axis can also have either no effect on the immune system, or can 
have immunoenhancing effects (see reviews by Elenkov and Chrousos, 1999; 
Maule and Vanderkooi, 1999; Blecha, 2000; Sapolsky et al., 2000; Dhabhar, 2002). 
Whether stress will suppress or enhance immune responses appears to depend upon 
the state of the animal, which particular component of the immune system is being 



studied, and the relative timing of the stress and of the immune challenge (Maule 
and Vanderkooi, 1999). Sapolsky et al. (2000) have tried to explain the complex 
nature of the effects of HPA activity on immune function by suggesting that the 
immunosuppressive and immunoenhancing effects complement each other, first by 
initiating defensive responses to a stress and then preventing an overreaction of 
these defensive responses, which may prove damaging itself. The relative timing of 
the immune challenge in relation to the HPA axis response to stress may be particu-
larly important. Sapolsky et al. (2000) argue that the immediate response to stress 
(which generally occurs at lower circulating concentrations of glucocorticoids) is 
primarily immunoenhancing. However, the latter effects of HPA axis activity 
(involving higher levels of glucocorticoids) are immunosuppressive, acting to limit 
the effects of the immune response that was initially elicited by the stressor. The 
immunosuppressive effects are functional primarily by reducing the risk of autoim-
mune responses. Thus the immunosuppressive effects of HPA axis activation tend 
to be more likely when circulating glucocorticoid concentrations are substantially 
elevated for a longer time after a stressor.

The immune system can also be affected by many other endocrine and neuroen-
docrine responses to stress besides the HPA axis (Maule and Vanderkooi, 1999; 
Sapolsky et al., 2000). The catecholamines of the SNS appear to have both 
suppressive and enhancing effects on the immune system (Madden, 2003), and 
there is interest in the immunoenhancing properties of growth hormone (Burvenich 
et al., 1999). Thus the overall consequences of stress on immune function will 
depend upon a number of physiological changes elicited by the stressor (Elenkov 
and Chrousos, 1999).

Although most research showing the complex effects of HPA axis activity on 
immune function has been done using laboratory animals, we have some evidence 
showing similar complexity for farm animals (Minton, 1994; Blecha, 2000). Rhind 
et al. (1999) have shown in sheep that suppression of lymphocyte proliferation in 
response to an antigen occurs only when large, occasional (every 6 h) transient 
increases in cortisol concentrations (achieved through infusions of cortisol) occur 
repeatedly over a number of days. The transient nature of the increase seems impor-
tant; when cortisol concentrations were continuously elevated over several days or 
when more frequent infusions were given (every 1 h), no suppression of lymphocyte 
proliferation was observed.

In conclusion, it should be clear that an increase in HPA axis activity alone 
should not be considered as evidence of immune suppression.

7.2.2 HPA Activity and Immune Function in Growing Cattle

Injection of the synthetic glucocorticoid, dexamethasone, has wide-ranging effects 
on the immune system of 1-year-old steers (Anderson et al., 1999), including a 
reduction in circulating eosinophils, some classes of lymphocytes, immunoglobulin 
M, and a slight reduction in mitogen-induced lymphocyte proliferation. However, 
some enhancing effects were also noted such as an increase in circulating  neutrophils, 
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monocytes, and some classes of lymphocytes. Other aspects of the immune system 
were not affected, such as NK cell activity, interferon-y production or concentra-
tions of immunoglobulin A and G. Thus the effects of increased HPA activity are 
likely to be complex and are not necessarily limited to immunosuppressive effects. 
However, in this study it was not documented how the circulating concentrations 
achieved related to concentrations of corticosteroids following stress.

Most of the research investigating the relation between HPA axis activity and 
immune function in growing cattle has focused on shipping fever or bovine respira-
tory disease, which often follows the transport of calves to feed lots (Blecha, 2000; 
see Chapter 2). Reviews of research related to this question conclude that activation 
of the HPA axis alone cannot account for the degree of immunosupression found 
in transported calves (Minton, 1994; Blecha, 2000). For example, transport of 
calves for several hours produced evident changes in circulating neutrophils and 
reductions in lymphocyte proliferation; however, these effects occurred without 
any apparent increase in cortisol concentrations (Blecha et al., 1984).

Castration of growing bulls results in temporary increases in circulating cortisol 
and a number of changes in immune function, but there is no relationship in terms 
of breed or treatment differences in the magnitude of the cortisol response and of 
the changes in white blood cell numbers (Chase et al., 1995). Administration of 
cortisol to mimic the rise in circulating cortisol seen after castration does not induce 
the reduction in interferon-y production in response to mitogens or the increase in 
acute phase proteins that occurs in response to actual castration (Fisher et al., 
1997a). Suppression of cortisol synthesis by use of metyrapon did reduce the effects 
of  castration on circulating cortisol concentrations but did not suppress the effects of 
castration on interferon production, white blood cells numbers, acute phase  protein 
concentrations or neutrophil: lymphocyte ratios (Fisher et al., 1997b).

Few studies appear to have looked at the relationship between stress-induced HPA 
axis activity and immune function in young calves. Van Reenen et al. (2000) experi-
mentally infected calves with bovine herpes 1 virus, and noted that calves with lower 
basal cortisol and a reduced cortisol response to ACTH showed less severe symptoms 
of respiratory disease even though no differences were found in antibody titres.

7.2.3 HPA Activity and Immune Function 
in Periparturient and Lactating Cattle

It has often been proposed that the increased HPA activity and the increased 
 secretion of glucocorticoids that occur at parturition may be important factors lead-
ing to the immunosuppression noted at parturition and to the metabolic and other 
diseases of dairy cows that have their origin at parturition (Goff and Horst, 1997).

The most common approach to test this link has been to experimentally increase 
concentrations of glucocorticoids, either by in vivo injection of ACTH or of 
 dexamethasone, or in vitro incubation of blood with glucocorticoids, and examine 
the resulting changes in immune function. There is abundant evidence from in vivo 
and in vitro studies showing that experimental increases in glucocorticoid 



 concentrations in periparturient or lactating cows (usually achieved by injections of 
dexamethasone) can have marked effects on several parameters of immune function 
(e.g. Gwazdauskas et al., 1980; Burton and Kehrli, 1995; Roets et al., 1999; Diez-
Fraile et al., 2000). These experimental studies provide good evidence that admin-
istration of glucocorticoids can certainly result in immunosupression and most 
likely increase the incidence of various diseases associated with parturition. The 
problem with such an approach is that it ignores the possible effects of other com-
ponents of the HPA axis such as CRH or ACTH, which may independently influ-
ence immune function (Maule and Vanderkooi, 1999). Furthermore, it is never 
entirely clear whether the dose of glucocorticoids used corresponds to the increase 
in concentrations that occur following normal stressors. An alternative way to 
approach the issue, which overcomes these problems, is to see whether individual 
cows that have high cortisol concentrations at parturition are those that show the 
largest degree of immunosuppression.

Mallard et al. (1997) immunized dairy cows against ovalbumin during the weeks 
prior to parturition and noted that not all cows showed the reduced immune response 
typically associated with parturition. The magnitude of the antibody response of 
cows to ovalbumin could be used to predict later health problems: cows that 
responded highly to ovalbumin also responded highly to E.coli  immunization and 
showed a lower incidence of health problems, especially  mastitis. Although some 
correlations were found between the immune response to ovalbumin and concentrations
of GH and IGF, no consistent correlations with concentrations of circulating 
cortisol were noted. Thus, a high concentration of circulating cortisol at the time of 
parturition is not associated with low-immune responsiveness.

Preisler et al. (2000a, b) noted a reduction in glucocorticoid receptor expression 
in bovine neutrophils, monocytes, and lymphocytes during parturition, and that the 
degree of this reduction was positively correlated across cows with circulating cor-
tisol concentrations. Although the authors state that this finding has implications 
for the susceptibility of cattle to disease, it is not clear what these implications are: 
the reduced expression of glucocorticoids receptors may be a defensive mechanism 
to protect the cells against the increased cortisol concentrations that occur at partu-
rition, and may explain the lack of correlation between disease incidence and 
 parturient cortisol concentrations.

Hopster et al. (1998) examined lactating dairy cattle that differed in their HPA 
response to an acute stressor. Following intramammary endotoxin injections, 
they noted a marked increase in circulating corticosteroids and a reduction in the 
number of white blood cells. This reduction was most marked in the cows that 
showed a low cortisol response to stress. There was also a marked decrease in 
the number of lymphocytes, which was most evident in the cows that showed a 
high cortisol response to stress. They suggested that cows with low HPA 
responses to stress were better able to recruit leucocytes from the circulation to 
enter into the inflamed intramammary tissue. However, the peak cortisol response 
to the endotoxin treatment did not differ between the two groups of cows. 
Furthermore, there were no significant differences between the two groups in the 
disease incidence.
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7.2.4 Conclusions

It would be foolish to argue that HPA axis activity does not have suppressive effects 
on the immune system or that changes in immune function and in HPA axis activity 
are unrelated. However, for our purposes, the question is whether measures of HPA 
axis activity that occur during stress can predict suppressed immune function. 
Clearly, elevations of circulating corticosteroids through administration of synthetic 
glucocorticoids such as dexamethasone can have marked suppressive effects on 
some aspects of the immune system of cattle, and may increase the incidence of 
disease. Unfortunately, it is difficult to determine whether the rises in circulating 
corticosteroids mimic those normally found in stress responses. Where equivalence 
has been established (e.g. Fisher et al., 1997a), the administration of glucocorti-
coids has not been found to mimic the effects of actual stress on the immune sys-
tem. The few studies that have examined differences between individual animals 
have not found convincing evidence that cattle with high concentrations of circulat-
ing glucocorticoids show signs of a more impaired immune response or are more 
likely to suffer from increased diseases around parturition. Unfortunately, there are 
too few studies that examined correlations between immune function and other 
components of the HPA response such as ACTH concentrations.

In general then, there is as yet little convincing evidence that assessment of HPA 
axis activity will predict immune function. In view of the difficulties in predicting 
how any given change in HPA function will affect the immune system, researchers 
have increasingly tried to directly assess aspects of immune function.

8 Conclusion

An impressive body of research has documented the physiological changes that 
cattle and other animals undergo when they are subjected to various stressors. It is 
clear that the HPA axis is a central part of the response to stressors and that the HPA 
response is associated with the emotional state of the animal. Furthermore, there is 
little doubt that changes in HPA activity and in other physiological systems can 
have marked deleterious effects on the animals metabolism and immune system, 
and ultimately on their welfare. Thus understanding the physiological responses to 
stress can play an important role in research on animal welfare.

That said, measures of these physiological changes provide only an unreliable 
indicator of the animal’s well-being. Our review has revealed continuing uncertainty 
about which are the most appropriate means of assessing HPA activity, particularly 
in response to chronic, prolonged stress. Despite the many uses of physiological data 
to assess animal welfare, there are surprisingly few attempts to demonstrate the 
validity of the measures used. We have argued that such validation can be demon-
strated in two ways. The physiological responses to a stress may reflect the  emotional 
response that the animal makes when exposed to the stressor, and so measurement 



of these physiological changes may be used to infer the nature of the animal’s 
 emotional state. Measurement of plasma cortisol and to a lesser extent of heart rate 
have been used with great success to examine the responses of animals to acute 
 challenges such dehorning, branding, etc. as well as the effectiveness of pain 
 prevention methods (see Chapter 5). It is in such situations that physiological 
 measures have proved most useful in assessing animal welfare. However, in many 
cases, such responses can be measured equally as well and probably with less time 
and cost, by examining the behavioural responses of the animals. It is in the cases 
where behavioural responses cannot be measured, or where our confidence in the 
behavioural measures is limited, that such physiological measures are most useful. 
The ceiling effect, noted when plasma cortisol concentrations reach a maximum 
with no further increase, place limits on the ability of this measure in particular to 
detect variation in the intensity of the stressor. Such problems may be overcome by 
the inclusion of other measures such as ACTH concentrations. However, plasma 
cortisol concentrations also increase following sexual encounters, feeding, and 
 milking, all which would appear to be positive and rewarding for the animal, or at 
least not highly aversive. Thus changes in plasma cortisol concentrations alone 
 cannot be used to determine that the experience was aversive for the animal.

In the case of prolonged or chronic stress the situation is even less clear. The 
changes that occur in HPA function in response to prolonged stress mean that the 
usual measures of plasma concentrations of hormones are no longer sufficient. 
Unfortunately, none of the proposed challenge tests have been adequately validated. 
For example, the ACTH test is the measure used most often, but there is still con-
tinuing uncertainty about even the direction of the change expected following 
chronic stress, with some studies suggesting an increased sensitivity and others 
finding the opposite. Thus these tests would seem to provide little solid information 
about animal welfare.

The second way that physiological measures can relate to welfare is if the 
responses to stress lead to a pre-pathological state, either through metabolic 
changes or changes in the immune system. Although changes in HPA activity as a 
result of chronic stress can produce changes in metabolism and immune function, 
the complexity of the relationship makes it difficult to use changes in HPA activity 
to predict the nature or magnitude of the metabolic and immune consequences. 
Direct assessment of metabolism and immune function would seem preferable, 
although these too need to be validated as predictors of altered susceptibility to 
disease. We also lack knowledge of the other long-term effects of increased HPA 
activity in cattle.

Our review supports the traditional view of the role of the HPA axis as being an 
essential and major component of the response to stress and playing a central role 
in mediating the effect of stress on metabolism, the immune system, and reproduc-
tion. A greater understanding of the nature of the HPA axis, how it responds to 
stress and allows animals to cope with stress, is essential to our further understand-
ing of animal welfare. However, we recommend considerable caution when we 
attempt to use physiological data to assess the welfare of cattle and other animals.

8 Conclusion 69



Chapter 4
Animal Behaviour

1 Introduction

Some of the most difficult issues in animal welfare deal with the behaviour of the 
animals. Unfortunately, the traditional training of veterinarians and animal scien-
tists has not involved training in the science of animal behaviour, or ethology as it 
is sometimes called. While animal behaviour and animal welfare are not the same, 
as is sometimes mistakenly assumed, the study of farm animal behaviour has made 
major contributions to identifying and helping to solve some of the key problems 
in the welfare of farm animals, including cattle. Knowledge and observations of 
animal behaviour can both help to establish input-based welfare criteria and also 
serve as outcome-based criteria for animal welfare (see Chapter1).

To establish input-based criteria, tests based on animal behaviour can help us 
identify the types of housing and handling routines that are most likely to affect 
animal welfare. For example, the degree that various handling procedures are pain-
ful or frightening to animals can be assessed most directly by examining the ani-
mal’s aversion towards them. A simple way of assessing alternative designs for 
housing animals is to allow the animals to choose between them. Knowledge of 
farm animal behaviour can provide information on how to design housing environ-
ments so as to provide opportunities for the animal to behave in ways that are 
important to it. The study of animal behaviour can help determine animals’ needs, 
and so serve as the basis for input-based criteria for animal welfare. In addition, the 
occurrence of some behaviour patterns can serve as outcome- or animal-based 
indicators of welfare. This is most obvious for behavioural signs of pain or fear. In 
addition, farm animals in modern housing systems occasionally behave in ways that 
appear to be abnormal, and the performance of such behaviours has been proposed 
to indicate poor welfare.

However, there can be difficulties in interpreting animal behaviour. As we dis-
cussed in Chapter 1, the role of animal behaviour in animal welfare has long been 
one of its more controversial aspects, particularly with regards to behavioural dep-
rivation. The issue of behavioural deprivation is a crucial one for animal welfare 
(Dawkins, 1988, 1998, 2004) and the possibility that farm animals are suffering 
because they cannot perform behaviour that they normally would perform is one of 
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the enduring concerns that the public has about the welfare of animals in modern 
husbandry. Housing systems and management practices for cattle have been criti-
cized on the grounds that they prevent natural behaviours. For example, cattle 
housed indoors are no longer able to graze; the very early separation of the calf 
from its mother prevents a whole suite of nursing and parent–offspring related 
behaviours from occurring; individual housing for veal calves or milk-fed dairy 
replacement heifers limits opportunities for social contact between calves and may 
prevent calves from turning around or performing many normal body movements. 
The ability of animals to perform “natural” behaviour has been used as an input-
based criterion in assessing the adequacy of animal housing systems, for example 
in the “Five Freedoms” (Chapter 1). Yet the claim that farm animals are suffering 
because modern housing systems do not allow these behaviours has proven one of 
the more difficult claims for science to deal with. Many of the issues concerning 
the causes of behaviour and the relationship between behaviour and animal welfare 
are at, or sometimes even beyond, the cutting edge of science. In this chapter, we 
consider how animal behaviour has been used as input- and outcome-based indica-
tors of animal welfare.

2 Behaviour as Input-Based Criteria for Animal Welfare

This section focuses upon how knowledge of animal behaviour can be used to 
design management techniques or housing that improve animal welfare. First, we 
consider aversion learning procedures whereby, animals provide us with  information 
about which types of handling procedures they dislike the most. We then discuss 
the use of choice tests to examine animals’ preferences for certain design features 
that can be incorporated into their housing. We then focus upon some of the more 
controversial aspects of animal welfare, especially the concept of natural  behaviour, 
and we discuss the different techniques available to discover which sorts of behav-
iour an animal “needs” to perform, and consequently, which sorts of behavioural 
deprivation have the greatest consequences for animal welfare, and which should 
be avoided when designing housing and rearing systems for cattle.

2.1 Aversion Learning

To assess welfare we need information on the extent that animals suffer as a result 
of the way they are housed, managed, or handled. Most obviously, animals may 
suffer when they are undergoing operations that are painful, for example, branding 
or dehorning, or when they are frightened of the situations in which they find them-
selves. One particularly powerful method of assessing the amount of suffering 
resulting from this pain or fear is aversion learning. Kirkden and Pajor (2006) pro-
vide a useful review of aversion learning and related techniques.
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Aversion learning is based on the assumption that the main function of 
 unpleasant feelings or emotions is to help animals avoid the situations that cause 
them. Modern scientific approaches to studying consciousness or mental states 
(including emotions) can be roughly divided into those that study the “hardware”, 
where the emphasis is upon understanding the structural basis of consciousness by 
studying neural activity, and those which focus on understanding the function of 
consciousness, asking the question “what is it for?” and “what does it do?” This 
latter approach often involves trying to understand how different mental states 
influence an animal’s behaviour. In people, suffering can arise from a number of 
different emotions or mental states, such as being in pain, being frightened, being 
hungry, or bored. From our own experience, it is apparent that these different 
 emotions feel very different and make us behave differently. It is likely that the 
neural hardware underlying these different emotions is also different. What they 
have in common, however, is that they are all aversive; that is, we generally try to 
avoid or escape from situations that cause these states. The recognition that some 
situations are aversive is one of the most basic ways that we have of categorizing 
our experiences. By measuring the extent that we try to avoid such situations, we 
can begin to get some idea of the relative degree of suffering these situations cause, 
irrespective of the specific affective state involved.

A similar logic can be applied to measuring suffering in animals. When an animal 
is put into a situation that causes it distress, we cannot directly perceive the suffering 
it is experiencing. Furthermore, the immediate behavioural response will depend 
upon the nature of the situation. For example, a cow frightened by a dog will usually 
stare at the dog, try to run away, or perhaps attack it (e.g. Welp et al., 2004). A cow 
isolated in a small room will bellow and defecate (Rushen et al., 1999a). Thus, no 
one behavioural response will let us judge whether the presence of a threatening dog 
causes more or less distress than social isolation. However, cows can learn to 
use cues to predict the onset of these aversive situations, and their responses to these 
cues can be used to compare the degree of aversion they feel to the two situations.

Two articles by Pajor et al. (2000, 2003) demonstrate how aversion learning 
techniques can be applied to cattle. The purpose of the experiments was to deter-
mine which handling practices are most aversive to the animals. The types of han-
dling examined were some commonly used to move cattle, such as shouting or 
yelling at the animal, or use of an electric cattle prod. These were compared with 
ways of handling animals that were thought to be more positive or rewarding for 
the animal such as providing a small food reward.

In the first experiment (Pajor et al., 2000), dairy cattle were moved individually 
down a short raceway. At the end of the race, the cattle were briefly restrained. 
Control cows were then simply released without being handled, but others were 
shouted at, or prodded with an electric cattle prod, or given a small amount of highly 
palatable food before they were released. This procedure was repeated a number of 
times, and each time the animal was handled in the same way. The logic was that 
the cattle would soon learn what type of handling to expect and, if the handling was 
aversive, would attempt to avoid it by refusing to move down the race. On the other 
hand, if the handling was rewarding they would move down the race more quickly. 



The time taken by each cow to run down the race was measured and a score was 
given depending on the amount of pushing that had to be done whenever she 
stopped. Figure 4.1 shows the results.

For the control cows that were not handled in any particular way, the time taken 
to run down the race was highest during the first run and gradually decreased as the 
animals got used to the procedure. It is clear, however, that when the animals were 
shouted at, or prodded with the electric prod, they took longer to run down the race 
on each subsequent run, and required more pushing by the handler. This result 
shows that these handling procedures were aversive to the cattle and that the ani-
mals were trying to avoid them. When the cattle were given food at the end of the 
race, they tended to run down the race faster the next time, suggesting that the cattle 
found this to be rewarding.

A more simple and direct way of comparing handling practices is to let animals 
choose between the handling techniques. This is an example of the preference (or 
choice) tests described in Section 2.2, and shares many of the advantages and dis-
advantages discussed. Pajor et al. (2003) used this approach to compare similar 
handling procedures to those described earlier. The cattle were placed in a bifur-
cated race (a “Y” maze). The cows moved down the race and then had to choose 
between one of the two arms. When the animal chose the right arm, she was always 
handled in a particular way. When she chose the left arm, she was handled in 
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Figure 4.1 The time that cows take to run down a race when they are fed, shouted at, or touched 
with an electric prod each time they reach the end. Control cows were not handled in any way. The 
time is shown as the difference in seconds from the first trial (trial number 1) which occurred 
before the cows had experienced any of the treatments. The increased time taken by cows that 
were shouted at or touched with the prod indicates that they find these treatments aversive. The 
reduced time taken by cows that are fed show that they found this a positive or rewarding experi-
ence (Based on data presented in Pajor et al., 2000.)
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another way. Figure 4.2 shows the relative per cent of animals choosing among dif-
ferent pairs of treatments.

The cattle preferred the arm in which they were fed rather than the arm where 
they were hit or shouted at, indicating that cattle are indeed able to choose treat-
ments and that their relative preferences can be measured fairly easily. The results 
of this choice test confirmed the findings of the first experiment with the raceway. 
That is, cattle find being shouted at as aversive as being hit or prodded with a cattle 
prod. Although cattle preferred being spoken to gently over the more aversive treat-
ments, they did not find gentle talking or brushing and patting to be rewarding. 
These experiments show that we can compare handling techniques using either the 
aversion or choice methods. However, while these techniques hold promise for 
assessing the extent that animals themselves perceive the treatments that we impose 
on them, there are limitations with aversion learning techniques that should be 
considered (Rushen, 1996).

First, the techniques rely on the animals learning to associate the end of the 
 raceway or a particular arm of the Y maze with a particular treatment. Thus, factors 
that influence the animals’ memory or learning will influence the results of aversion 
learning tests. Most obviously, animals will usually need to experience the  treatments
a number of times before learning that they will occur in a particular place. Figure 
4.1 illustrates this phenomenon. As the experiments progressed, the differences 
between the different handling practices became more evident; the aversive handling 
treatments differed significantly from the control group after five  applications of the 

Figure 4.2 Cattle show clear preferences for being handled in certain ways. The results show the 
per cent of cows’ preferences when they were able to choose between a control condition (which 
involved no handling) and being given food, gentled, or being hit and shouted at, and when they 
could choose between being shouted at and talked to in a gentle voice, being hit or being touched 
with an electric cattle prod (From results of the experiment described in Pajor et al., 2003.)



handling treatment. Thus, aversion learning techniques work best with handling 
treatments that can be applied a number of times within a short period. This is much 
more difficult in the case of surgical operations such as castration or branding which 
for practical or ethical reasons can only be applied once or a few times. For example, 
Schwartzkopf-Genswein et al. (1997b) found that aversion learning techniques were 
not useful in estimating the aversion associated with hot-iron branding or freeze 
branding of cattle.

Individual animals differ in how well or quickly they can learn such associa-
tions, so it is difficult to use aversion learning techniques to examine differences 
between different animals in how aversive they find treatments. For example, if we 
find that cows vary in the strength of their preference for being spoken to gently 
compared to being shouted at, this may be because they genuinely find shouting to 
be less aversive, or because they have not learned as well to expect how they will 
be handled when they make a given choice. When cattle have learnt to associate a 
particular aversive treatment with a particular place, they find it difficult to 
 subsequently learn to associate another treatment with that place (Grandin et al., 
1994). Consequently, when different treatments are being compared, it is important 
to ensure that each treatment is consistently applied in the same place and  preferably 
in a place that is unfamiliar to the cattle. Further discussion of difficulties with aver-
sion learning techniques is given in Rushen (1996) and Kirkden and Pajor (2006). 
If such methodological issues are borne in mind when designing and  interpreting 
these tests, the results can provide useful insights into which types of handling 
 animals dislike the most.

2.2 Preference Tests

Designing appropriate environments for animals is much aided by knowing what 
the animal prefers. Choice or preference tests have been used often in studies of 
housing and management for cattle. For example, the technique has been used to 
determine the response of dairy cattle to various aspects of stall design (e.g. Tucker 
et al., 2003; Manninen et al., 2002) and to various types of food (e.g. Rutter, 2006). 
Chapters 6 and 7 discuss in more detail the way that preference techniques have 
been used to assess housing for dairy cattle. In this section, we discuss some of the 
more general limitations with this technique.

Testing animals’ preferences would seem one of the most obvious and direct 
ways of asking what it is that an animal wants in its environment. However, there 
can be problems with interpretation. A number of excellent discussions of the pros 
and cons of preference testing are available (e.g. Fraser and Matthews, 1997; 
Lawrence and Illius, 1997; Kirkden and Pajor, 2006). We summarize the most 
important concerns later, but we encourage readers to consult these articles if they 
are considering using these methods in their own research.

One important limitation in preference tests is that the animals’ choices are 
restricted to the options provided, so a strong preference for one option only means 
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that it is better than the alternative and cannot be taken to mean that it is an ideal or 
even a reasonable solution for the animal. In addition, the tests detect how animals 
rank various options, but provide little information on the strength of their 
 preferences. One way to evaluate the relative value of the various alternatives is to 
measure how much each is used when animals are limited to a single option at any 
one time. For example, Tucker et al. (2003) compared dairy cows’ preferences for 
stalls containing three types of bedding and found that most cows showed a 
 preference for deep sawdust bedding. When the cows were given access to only one 
of the options at a time, they also spent more time lying down in stalls with the deep 
 sawdust, indicating that access to the preferred option was of some importance to the 
cows. Another way of assessing whether access to a preferred option is really impor-
tant to the animal is to impose some cost on the animal’s choice. This issue is 
explored in depth by Kirkden and Pajor (2006). Unfortunately, there are few good 
examples of this approach with cattle, and the best illustrations of this approach 
involve other species. Marian Dawkins (1983) took advantage of this principle in a 
well-known experiment on laying hens. She found that recently fed hens showed a 
strong preference to enter a cage with litter (in which they could dust-bathe) but no 
food, over another cage with food and a plain wire floor. In this case, the loss of 
access to food was the cost that the hens were willing to pay to gain access to litter. 
However, if hens were deprived of food for 3 h before the test they showed no clear 
preference, and after 12 h of deprivation the preference was reversed.

Some experiments on animal preferences sum the choices of a number of ani-
mals. This technique may provide us with information on the “average” animal but 
it overlooks differences between animals. Although the majority of the choices may 
be for one alternative, certain animals may not share the preference, or indeed may 
have a strong preference for the alternative treatment (e.g. Tucker et al., 2003). 
Another important methodological consideration in choice tests is that preferences 
may change according to age, physiological state, previous experience, and other 
factors. For example, animals may initially prefer the option that is familiar, yet if 
encouraged to try the alternative or if given sufficient time, the animals may switch 
preferences. Tucker et al. (2003) showed that dairy cows that were reared on stalls 
with sawdust bedding preferred such stalls to those bedded with sand. However, 
cows that had been reared on sand choose sand-bedded stalls as often as sawdust-
bedded ones. Preference tests need to ensure that animals have been given suffi-
cient experience with all the options available. The results of preference tests can 
also be affected by how the tests were performed. For example, cows’ preference 
for types of bedding that differ in thermal conductivity can differ according to 
whether the tests are performed in summer or winter (Manninen et al., 2002). The 
results of preference tests must be interpreted bearing in mind the conditions under 
which the tests are performed.

The results of choice tests are particularly difficult to interpret when the options 
presented to an animal differ in a number of properties. For example, the types of 
flooring in stalls for cattle may differ in both the degree of softness and the degree 
of thermal insulation provided, and careful experiments would be required to deter-
mine which properties are the most important to the animal. The general conclusion 



of reviews is that preference tests are most successful when there are only relatively 
small differences between the options.

The social context in which the test is made can also affect preferences. For 
example, herd animals like cattle are often tested in groups. In this situation, it is 
essential that a sufficient number of each option be presented so that all animals can 
exercise their choice, but even then the animals’ choices may not be independent. 
For example, two cows may be close companions and choose to lie in neighbouring 
stalls, even if these did not reflect their individual preferences for stall type. In such 
cases it may be preferable to test animals individually.

Finally, and most importantly, choice tests reflect the animals’ immediate 
response to the alternatives, but we do not know to what extent animals are capable 
of judging the long-term effect of a housing treatment on their overall welfare 
(Lawrence and Illius, 1997). For example, as we discuss in Chapter 6, dairy cows 
tend to choose wider stalls even though wider stalls can become dirtier potentially 
increasing the risk of mastitis. Cattle simply may not have the capacity (or the 
experience) to judge the long-term consequences of their choices. We should not 
assume that animals are perfect judges of their own welfare any more than people 
are perfect judges of theirs. The underlying assumption behind choice tests is that 
an animal’s welfare will be improved if it is housed under the conditions it prefers, 
but this assumption has never adequately been explored. Furthermore, we do not 
really understand how animals weigh the different options before choosing. 
Lawrence and Illius (1997) conclude that the strong impact that “procedural” vari-
ables have upon the results of preference tests means that we have not yet devel-
oped an adequate conceptual model of how animals make choices. They further 
conclude that in using preference tests, “animal welfare research has placed too 
much emphasis on measurement and too little on understanding the rules that 
 govern short-term behavioural decisions” (p. 24).

In conclusion, preference experiments need to be carefully planned and care-
fully interpreted to avoid some of the problems outlined earlier. With these cautions 
in mind, the technique can tell us which options the animal prefers – information 
that will always be an important one in improving living environments for 
animals.

2.3 Natural Behaviour

Aversion learning and preference tests provide two examples of how we can use 
observations of animal behaviour to determine what animals like and dislike. In the 
following sections, we discuss how a greater fundamental knowledge of the causes 
of animal behaviour can help avoid the welfare problems that arise from behav-
ioural deprivation.

Thorpe (1965) provided one of the earliest and clearest scientific arguments that 
the ability to perform natural behaviour was essential if an animal was to have an 
acceptable level of welfare. His arguments were rooted in the ethological theory 
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developed and popularized primarily by Lorenz and Tinbergen arguing that each 
species has a distinct repertoire of behaviour patterns that could be used to charac-
terize the species in much the same way as morphological features. It was further 
argued that domestic animals had retained much of the repertoire of their wild 
ancestors, but that modern farming conditions sometimes prevented animals from 
performing these behaviours, leading to suffering.

The problems with this concept have been discussed many times (e.g. Dawkins, 
1998, 2004; Spinka, 2006), and do not need to be repeated in detail. Briefly, there 
is no reason to think that an animal will inevitably suffer simply because it does not 
perform all the behaviour patterns shown by its wild ancestors. Indeed, allowing 
animals to perform some natural behaviour, such as aggressive behaviour or infan-
ticide, may lead to reductions in animal welfare. Furthermore, even within a popu-
lation of animals in natural environments, there are differences between individual 
animals in the behavioural strategies adopted, raising the question of what should 
be considered as “the” natural behaviour (Spinka, 2006). Finally, a multitude of 
detailed studies on different species has revealed how much artificial selection has 
altered the behaviour of domestic animals (e.g. Price, 2003; Jensen, 2006).

Despite these criticisms, the longevity and the ubiquity of this concept suggests 
that it captures some of the disquiet that modern farming systems provoke in many 
people. Furthermore, comparisons between farm animals and their wild ancestors 
or feral counterparts may give some clues as to where to look for welfare problems 
that can arise from behavioural deprivation (Spinka, 2006).

2.3.1 Inability to Perform Natural Behaviour as a Welfare 
Concern in Cattle

Applying the concept of natural behaviour is troublesome for cattle since the ances-
tor of domestic cattle, the wild ox or aurochs (Bos primigenius) of the near east 
(Clutton-Brock, 1999; Troy et al., 2001), has been extinct for several centuries 
(Clutton-Brock, 1999). Furthermore, genetic analysis shows that domestic cattle 
(Bos taurus and Bos indicus) diverged from the wild species of Bovini (e.g. bison 
and buffalo) hundreds of thousands of years ago (Ritz et al., 2000; Figure 4.3).

This makes it difficult to determine how much domestication has influenced 
cattle behaviour and whether or not modern breeds of cattle have retained the 
behavioural repertoire of their ancestors. In contrast, for both pigs and poultry, 
populations of the wild ancestors still exist in relatively natural environments.

Evidence of human uses of cattle comes from over 8,000 years ago (Clutton-
Brock, 1999; Figure 4.4), and during this time there has been considerable artificial 
selection. This may be the reason for the genetic divergence found both between 
European and African populations of Bos taurus (Troy et al., 2001) and between 
the two main domesticated species of cattle, Bos taurus (e.g. “European” breeds of 
cattle) and Bos indicus (Zebu or Brahman cattle) (Ritz et al., 2000; Troy et al., 
2001). Mitochondrial DNA analysis suggests that the aurochs fall well outside of 
the genetic range found within populations of modern day Bos taurus, and are even 



Figure 4.3 Bos indicus cattle can be recognized by the hump on the back and the large droopy 
ears. They are commonly found in warmer climates since they are better adapted to dealing with 
heat than the more common Bos taurus cattle that are found as beef and dairy cattle in more tem-
perate climates. The wide phenotypic variation found within domestic cattle is the result of many 
thousands of years of artificial selection for characteristics that are appropriate for how the cattle 
are used by people. This, and the absence of any of the original ancestors of cattle, the aurochs, 
makes it difficult to describe the natural behaviour of cattle

Figure 4.4 Cattle have been domesticated and used by people for various ends for over 8,000 
years. The modern breeds of animals that are today used in dairy and beef production show con-
siderable differences from the cattle in use early in domestication. These phenotypic differences 
probably are evidence of marked genetic differences, making it difficult to infer what their “natu-
ral behaviour” is or was

further from present day Bos indicus (Troy et al., 2001). Together, these results 
show the extent to which domestication has influenced the genetic basis of cattle 
populations, and most likely their behaviour. For all of these reasons it is difficult 
to use information about the behaviour of wild ancestors of cattle to assess which 
behaviours are “natural” in domestic cattle.
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2.3.2 Behaviour of “Feral” Cattle

Despite the absence of the wild ancestor of cattle, there are available a number of 
populations of feral cattle and cattle that have had minimal human interference, 
often for several decades or centuries. These populations provide us with a rough 
glimpse at the “natural” behaviour in cattle, although the following caveats must be 
borne in mind. First, in no way can these animals be considered equivalent to the 
ancestral wild cattle. At most, the populations have been without substantial human 
interference for only a few centuries (maximum 800 years), which contrasts with 
the thousands of years of domestication that had occurred before. Even from the 
beginning of domestication of cattle, there is evidence of genetic selection for 
 animals to perform particular roles (e.g. to provide milk or meat or as work animals 
in a particular environment) that resulted in phenotypically distinct, and quite 
 possibly behaviourally distinct animals (Clutton-Brock, 1999). Second, these cattle 
are different from modern breeds of cattle (Giovambattista et al., 2001), usually 
being far smaller, producing far less milk, and with distinct colouration. It is 
 questionable whether modern breeds of cattle would behave similarly if placed in 
similar environments.

Generally these unmanaged cattle live in herds, although there are marked 
 differences between studies in the size of the groups and the areas over which they 
range. Adult and immature females and males tend to live together in relatively small 
herds. These herds occupy non-overlapping home ranges reported to vary between 
1,243 and 2,635 ha for feral cattle in Spain (Lazo, 1994) and between 4,500 and 
5,000 ha in Mexico (Hernandez et al., 1999). Cow-herd size was found to range 
between 13–32 animals by Lazo (1994), although Hernandez et al. (1999) found that 
over 80% of cows were in groups containing fewer than 10 animals. Lazo (1994) 
suggested that female calves born within a herd remained in that herd throughout 
their lives: virtually no female migration between neighbouring herds was observed. 
Within female herds, Lazo (1994) and Reinhardt and Reinhardt (1981) found affini-
ties between particular individuals that were long lasting, although this was not 
reported in the Chillingham cattle studied by Hall (1986). Reinhardt and Reinhardt 
(1981) report complex patterns of social preferences between cows within herds.

The closest associations occur between mothers and their offspring (Reinhardt 
et al., 1977; Reinhardt and Reinhardt, 1981; Lazo, 1994; Figure 4.5). Studies of a 
herd of Massai Bos indicus cattle in semi-natural conditions (Reinhardt et al., 
1977) showed that just prior to parturition, the cow separated from the herd and 
gave birth in a concealed place. The cow remained on the periphery of the herd for 
up to 2 weeks, remaining in close proximity to her offspring, and often threatening 
other cows that approach too closely. Between 1 and 3 weeks after calving, the 
cow and her calf join the rest of the herd; the cow grazing with others, while the 
calf tends to associate with other calves in the creche (Reinhardt et al., 1977). 
Calves suck an average of 38 min per day and are weaned between 7 and 9 months 
for female calves and between 9 and 14 months for male calves (Reinhardt and 
Reinhardt, 1981). Free-living Bos taurus cattle also wean their calves around 10 
months (Reinhardt et al., 1986). However, cows continue to associate with their 



offspring long after weaning and choose them as grooming or grazing partners for 
many years (Reinhardt and Reinhardt, 1981). When not with their mothers, calves 
usually associate with each other (Hall, 1986; Lazo, 1994). Social interactions 
involving mock fighting are quite high between older calves, as are “mock” sexual 
 interactions between male and female calves (Reinhardt et al., 1978). Reinhardt 
et al. (1978) and Reinhardt and Reinhardt (1981) concluded that calves did not 
 interact at random but formed clear preferences that were responsible for the 
 formation of small social units. They speculated that these preferences would 
 persist into adulthood.

Within female herds, relatively stable, near-linear dominance hierarchies occur, 
with social rank strongly related to the age of the animals (Hall, 1986; Reinhardt 
et al., 1986). However, the incidence of aggression appears quite low (Hall, 1989) with 
little evidence of aggressive defence of feeding or grazing areas (Hall, 1986, 1989).

Adult bulls are typically found in groups of 2–3 individuals occupying non-
overlapping home ranges (Hall, 1986; Lazo, 1994), with stable dominance relation-
ships reflecting the animals’ age (Reinhardt et al., 1986). Bulls generally live 
separately from the cows, although Lazo’s (1994) data suggest that each group of 
bulls tended to associate with one herd of cows. Hall and Moore (1986) report that 
the bulls of the feral cattle in the Orkneys tended to herd with the cows although 
one mature bull was consistently found alone. Hall (1989) reported year-round 
breeding, while Reinhardt et al. (1986) report highly seasonal breeding with 90% 
of calvings occurring in early spring. Lazo (1994) found that calvings were highly 
synchronized with herds, with 75% of calvings occurring during 2–4 months.

Hall (1989) provides some data on the time budgeting of the cattle. Grazing 
occupied 10–11 h per day, a figure that corresponds to that found for feral cattle in 
Ireland (Linnane et al., 2001). This latter study found marked circadian rhythm in 
grazing, with peaks of grazing occurring at dawn and dusk. Some grazing was 
spread throughout the day, with low levels occurring during the early morning. 
Although there were marked seasonal effects on grazing time, Linnane et al. (2001) 
noticed some consistency across days and across seasons when grazing occurred, 
and suggested some internal control of grazing time. According to Hall (1989), 
Chillingham cattle spend about 7–8 h lying down, 5 h ruminating (of which 75% 
was done while lying down), 40 min sleeping, 70 min in social behaviour, and 
30 min walking. Feral cattle in Mexico were reported to walk up to 20 km per day 
(Hernandez et al., 1999).

There are a number of discrepancies between different studies likely due to 
genetic or environmental differences, illustrating the danger of considering “the” 
natural behaviour of cattle as a single standard. Nevertheless, there are a number of 
consistencies that throw into relief the behavioural differences between these 
unmanaged animals and managed cattle (Table 4.1).

While we cannot necessarily conclude anything about the welfare of the animals 
solely on the basis of these differences, they may help us to understand the welfare 
problems that arise in modern production systems (Spinka, 2006). We will discuss 
evidence of the extent to which such behavioural differences may indicate welfare 
problems later.
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2.4 Behavioural Needs and Motivational Analysis

The obvious difficulties in deciding what is “natural”, and the uncertainty about the 
link between natural behaviour and animal welfare led scientists to develop alterna-
tive conceptual frameworks for trying to decide what sorts of behaviour are impor-
tant for animals. Dawkins (2004) and Spinka (2006) provide useful reviews of these 
developments. Many approaches have been adopted in an effort to document the 
behavioural “needs” of animals; that is, the behaviours that animals need to perform 
in order to ensure good welfare.

One approach involves trying to understand what causes the animal to behave in 
a particular way. The principle arguments of this approach can be stated simply: the 
inability to perform a behaviour will cause greater suffering when the factors that 
stimulate the behaviour are internal to the animal (rather than being a feature of the 
environment) and where the performance of the behaviour itself is necessary to 
reduce the underlying motivation. Dawkins (1983, 1998, 2004), Hughes and 
Duncan (1988), Jensen and Toates (1993), and Spinka (2006) provide some particu-
larly good discussions of the concepts and issues underlying this approach. The 
importance of external (i.e. triggered by stimuli in the environment of the animal) 
versus internal (i.e. triggered by events occurring within the animal) causes of 
behaviour can be understood with some simple examples. The natural behaviour of 
most species includes anti-predator responses that are performed when potential 
predators are detected. Many species of animals have alarm calls that serve to alert 
conspecifics that predators are present. Anti-predator behaviour in cattle is less 
obvious, consisting of increased vigilance, bunching up, and fleeing or sometimes 
attacking the predator. An obvious question is whether farm animals “need” to 
express this anti-predator behaviour. Should we expose cattle to wolves or dogs so 
that they can do this? Most would say no (e.g. Hughes and Duncan, 1988; Dawkins, 
1998), and the most common reason is that such anti-predator behaviour is stimu-
lated by the sight of the predator itself. In the absence of any predators, which is 
generally the case in most modern farming systems, the animals are simply not 

Table 4.1 A contrast between what is known of the natural behaviour of cattle, based on studies 
of feral cattle, and the way that cattle are kept in intensive management systems. The contrast is 
not meant to imply that the welfare of feral cattle is better. However, these differences may help 
us pinpoint some of the possible threats to animal welfare in intensively housed animals

Feral cattle Cattle in modern, intensive systems

Close association between mothers and 
grown-up daughters

Mothers and daughters often separated

Close social associations between calves Calves often reared individually
Complex age structure in matrilineal herds with 

long-lasting associations between individual 
animals

Herds often consist of a few generations of 
unrelated individuals. Frequent culling. 
New animals often bought into a herd. 
Cows and calves often housed separately

Small herds Herds can be very large (>100 individuals is 
common)

Spend many hours a day grazing Often no access to pasture



motivated to perform anti-predator behaviour, and so the fact that they do not per-
form the behaviour in modern husbandry settings is not a problem for their welfare. 
This situation is often captured by the phrase “out of sight, out of mind”.

However, other behaviours are not caused in such an apparently simple fashion. 
For example, a few days before calving, cows in late pregnancy show changes in 
behaviour that lead them to separate from the herd and seek an appropriate place to 
calve (Figure 4.5). Such behaviours are far more elaborate in other ungulates such 
as pigs that show complex nest building behaviour (described in detail by Spinka, 
2006). Little is known about the causes of these behaviours in cattle, but they are 
probably similar to other ungulates. Briefly, the pre-parturient behaviour is trig-
gered by a combination of the hormonal or neuro-endocrine changes that occur 
during the last stages of pregnancy. Cattle in many modern environments are unable 
to fully perform these behaviours because the environment in which they are kept 
does not provide the appropriate resources. For example, cattle may not be able 
separate themselves from the herd when kept in indoor housing. The argument 
above would indicate that since these behaviours are triggered by internal changes 
(rather than by environmental features that are absent in captivity), then the cows 
are still likely motivated to perform the behaviours even in environments that pre-
vent them from doing so. The inability to perform a behaviour that animals are 
motivated to perform is a welfare concern, both directly (as this is what the animal 
prefers) and indirectly (as the motivation is likely linked to either positive or nega-
tive affective states).

In terms of the factors responsible for stopping the behaviour or turning off the 
motivation, the question is whether these result from the animal achieving the func-
tional goals of the behaviour or whether it is necessary to perform the behaviour 
itself. As a simple example, the functional goal of eating is the consumption of 
various nutrients. This is usually achieved by the animal eating, but it need not be: 
the nutrients could be supplied by, for example, a stomach tube. The question in this 
case is whether feeding motivation is turned off simply by the ingestion of the 
nutrients, or whether the animal also needs to perform the behaviour of eating. It is 
generally thought that the diets of farm animals are formulated to provide the neces-
sary nutrients (but see Chapter 8 for some counter-examples). Certainly most farm 
animals absorb these nutrients by eating, but there are many components of feeding 
behaviour that modern housing systems do not permit animals to perform. For 
example, many milk-fed calves do not suck to ingest their milk, and many dairy 
cows no longer graze. How much is the performance of these behaviours necessary 
to reduce feeding motivation, even when nutrient intake is adequate?

A large body of research has focused on the motivation of different behaviours, with 
a particular focus on whether the main factors are internal or external to the animal and 
whether or not performance of the behaviour itself is necessary to fulfil the underlying 
motivation. In cattle, this research has been most complete when examining the causes 
of sucking behaviour in calves, which we discuss later. However, one of the main find-
ings is that the theories of how behaviour is caused are far too simple. Control of behav-
iour is complex and often involves a mix of internal and external factors. Mason et al. 
(1997) present a good discussion of  different models of motivation and how changes in 
our understanding of motivational systems have an impact on how we conceptualize the 
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Figure 4.5 One of the most important social relationships among feral cattle is that established 
between a mother and her calf at the moment of birth. Usually this relationship is established while 
the mother is separated from the rest of the herd and occurs as a result of the intense social contact 
between mother and calf in the hours immediately after birth. In the case of female calves, the rela-
tionship is maintained long after weaning and social relationships between related females of differ-
ent generations form the basis of the matrilineal herds found among feral cattle. Modern cattle still 
show much of the mother–offspring behaviour typical of feral cattle, such as the prolonged licking 
of the calf after birth. In beef cattle, the mother–offspring relationship is maintained for a few 
months in cow-calf herds but in modern dairy production, this relationship is terminated early or 
never allowed to develop. Usually, the calves are removed from the mothers at birth. Nowadays, 
herds of dairy and beef cattle are likely to consist of large numbers of animals of a similar age with 
no bulls present



issue of behavioural deprivation for animal welfare. As a result of the complexity of 
behaviour control, interest in the concept of behavioural needs appears to have waned. 
However, the underlying issues posed by the concept of behavioural needs have not 
been resolved. While we agree that motivational analysis will not produce clear and 
simple answers to the question of behavioural needs, we believe that an understanding 
of the factors controlling behaviour is essential in understanding the importance of 
behavioural deprivation for animal welfare. We illustrate these issues by discussing the 
work on the causes of sucking behaviour in calves.

2.4.1 Calves’ Motivation to Suck

Young mammals typically obtain their milk by sucking on their mothers’ teats but 
most dairy and veal calves are reared separately from their mother and fed by buck-
ets and so cannot perform much of their normal sucking behaviour. This has raised 
concerns for the calves’ welfare, and stimulated research to understand the motiva-
tion of sucking behaviour.

The main function of sucking seems obvious: to obtain milk. However, when 
calves and other young ruminants are raised separately from their mothers, they suck 
each other and at parts of their pens despite apparently adequate nutrition. 
Furthermore, non-nutritive sucking is common in infant mammals (Wolff, 1968), 
and occurs during normal nursing in cattle (Lidfors et al., 1994; de Passillé and 
Rushen, 2006b). This suggests that young calves may be motivated to perform suck-
ing behaviour independently of hunger and that something other than the ingestion 
of milk is responsible for controlling this motivation. de Passillé and Rushen (2006c) 
and de Passillé (2001) have reviewed research on factors that cause or inhibit non-
nutritive sucking by calves and Section 2.4.2 below is a summary of these findings.

Much of the research in this area was done by examining calves sucking on a 
dry rubber teat that provides no milk (Figure 4.6). Non-nutritive sucking on such 
artificial teats can be readily elicited in young calves and the fact that the calves 
continue to suck even though they never receive milk through the teat itself sug-
gests that ingestion of milk is not the only factor controlling sucking behaviour.

What factors stimulate the calves to suck and what factors reduce the sucking 
motivation? Non-nutritive sucking is slightly higher in calves receiving a lower 
ration of milk (Jung and Lidfors, 2001) indicating that non-nutritive sucking is 
dependent on food intake in the longer term. Nevertheless, halving the amount of 
milk the calves drink during a meal (Rushen and de Passillé, 1995) does not 
increase the amount of non-nutritive sucking that occurs after the meal, suggesting 
that neither the amount of milk in the stomach nor the oral sensations from ingest-
ing milk inhibit non-nutritive sucking in the short term.

Furthermore, non-nutritive sucking is far more common immediately after the 
calves have drunk their milk than before (de Passillé et al., 1992) and disappears 
once calves have been weaned off milk (Lidfors, 1993; Krohn et al., 1999). These 
results suggest that non-nutritive sucking is elicited, rather than reduced by the 
ingestion of milk. Simply injecting small quantities of milk into the mouth of the calf 

2 Behaviour as Input-Based Criteria for Animal Welfare 85



86 4 Animal Behaviour

Figure 4.6 Milk-fed calves will readily suck a rubber teat after drinking milk even if they never 
receive milk through the teat. Generally, this non-nutritive sucking occurs after a milk meal and is 
stimulated by the taste of milk. Injecting small quantities of milk or milk replacer into the calf’s 
mouth stimulates it to suck vigourously. Increasing the concentration of milk replacer or just of 
lactose increases the effect, suggesting that it is the taste of lactose which is mainly responsible. 
Other conditions tested include water, milk, a grain solution, milk replacer with twice the normal 
amount of (caseinX2) or fat (fatX2). The amount of sucking is expressed as a percentage of the 
amount shown when normal milk was injected (Adapted from de Passillé et al., 1997, 2006b.)

is sufficient to stimulate considerable sucking (Rushen and de Passillé, 1995; de 
Passillé and Rushen, 2006a; Figure 4.6). Much less sucking was found when the 
calves taste either water or a suspension of grain and the amount of non-nutritive 
sucking increases as the concentration of milk replacer increases (de Passillé et al., 
1997; Figure 4.6). These findings indicate that it is specifically the taste of milk that 
elicits sucking. Changes in the concentrations of butter fat, casein, and lactoserum 



proteins in reconstituted milk were found to have little effect on the amount of 
non-nutritive sucking, but increases in lactose concentrations increased non-nutritive 
sucking (de Passillé and Rushen, 2006a).

If the ingestion of milk does not reduce sucking motivation, what does? Rushen 
and de Passillé (1995) examined whether the performance of sucking behaviour 
itself reduces the motivation to suck. Calves were given a small portion of milk in a 
bucket after which only half of them were given a dry teat to suck. All calves were 
then given a second portion of milk and allowed to suck the teat. Those calves that 
sucked the dry teat after drinking the first portion of milk had a lower duration of 
sucking on the dry teat following the second portion of milk. This result indicates 
that the performance of sucking behaviour itself is more effective in reducing the 
underlying motivation than is the ingestion of milk. This conclusion was supported 
by experiments of Haley et al. (2001) and Loberg and Lidfors (2001) who experi-
mentally altered the flow rate of the milk delivered to calves by a nipple feeder. At 
a lower flow rate, the same quantity of milk would require longer to drink so that the 
amount of time sucking on the teat was increased. Even though the same volume of 
milk was drunk in all cases, the amount of non-nutritive sucking that occurred after 
the meal was lower with slower flow rates.

Even though sucking motivation is reduced when the calves can suck on an 
object, the motivation appears to decline spontaneously after the meal is finished. 
For example, de Passillé et al. (1992) found that sucking motivation elicited by the 
ingestion of the milk waned during the 10 min following the meal and Rushen and 
de Passillé (1995) found only low levels of sucking motivation 40 min after a meal. 
These results suggest that the motivation to suck declines quickly even in the 
absence of opportunities to suck.

Figure 4.7 illustrates some of the factors that control calves’ motivation to suck.

Figure 4.7 The motivation of even an apparently simple behaviour like sucking by young  
calves can be complex and is affected by a variety of negative and positive feedback from both the 
consequences and by the performance of the behaviour itself. Research has shown that sucking 
motivation is turned off by a combination of negative feedback from performing sucking behaviour 
and, to a lesser extent, by ingesting milk. However, the taste of milk, especially of the lactose in the 
milk, provides positive feedback, stimulating the calf to suck. This stimulatory effect wanes with 
time, such that non-nutritive sucking is most common immediately after calves have drunk milk
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These results give some support to the idea that allowing the calves to perform 
sucking behaviour is a more effective way of reducing sucking motivation than 
providing milk. It seems likely that until calves drink milk they are not strongly 
motivated to suck, regardless of sucking deprivation, and that sucking motivation 
elicited by ingesting milk soon decays regardless of whether any sucking occurs. In 
general, the widespread non-nutritive sucking by calves reflects a relatively strong 
motivation to suck during or after a milk meal. As we discuss in Chapter 8, the 
model of the motivation of non-nutritive sucking corresponds well to what we 
know of the factors leading to cross-sucking by group-housed calves.

2.4.2 Motivation for Locomotion

The research into the motivational basis of sucking found no evidence that the ani-
mals’ motivation to suck continued to increase the longer the animals were deprived 
of the opportunity to suck. One type of behaviour where such a motivational “build 
up” seems to occur is calves’ motivation for locomotion.

One long-standing concern about intensive husbandry systems for cattle is that 
they limit animal movement. For example, veal calves kept in a typical veal “crate” 
or dairy cows in tie-stalls are virtually immobilized and can usually take only a few 
steps backwards or forwards. But are animals motivated to move if all the resources 
they need are directly in front of them? Unfortunately, animals’ motivation for 
movement is one of the least understood aspects of animal behaviour. The limited 
research that has been done into calves’ motivation for locomotion suggests that this 
motivation does increase if calves have restricted opportunities for movement.

Early studies noted that when calves kept in small crates were placed in a larger 
room, providing them more opportunity to move around, they would often run and 
jump far more than calves reared in larger pens (Dellmeier et al., 1985). This was 
interpreted as the result of a “rebound” effect due to the increased motivation that 
resulted from the period of deprivation. Subsequent studies have given some sup-
port to this interpretation. For example, Jensen (1999) and Jensen and Kyhn (2000) 
confirmed that calves kept in a small pen galloped and jumped more when allowed 
access to a larger pen than did calves kept in larger pens. Jensen (2001) reported 
that calves housed in small pens showed less running and jumping when placed in 
a larger pen if they had access to an exercise area immediately prior to the test. This 
effect was interpreted as showing that the initial confinement increased the motiva-
tion for locomotion, while the movement that occurred in the exercise area reduced 
this motivation.

2.4.3 Conclusions

The motivation underling apparently simple behaviours such as sucking by young 
calves can be complex and models of motivation that stress dichotomies, such as 
that between internal and external sources of motivation, are inadequate in 



 capturing this complexity. This is even more so for more complex behaviours such 
as locomotion that are likely to be affected by a very wide range of motivational 
systems. Research on both sucking behaviour and locomotion support the idea that 
the performance of the behaviour itself, rather than just achieving the normal 
 functional consequences of the behaviour, is necessary to fully satisfy the animals’ 
motivation, and this research provides grounds for concern that welfare is compro-
mised when animals are prevented from performing normal behaviour.

2.5 Demand Analysis

Research on sucking motivation by calves illustrates the complexity in the 
 motivational systems that underlie even relatively simple behaviours. This approach 
was based on trying to understand the factors that stimulate and reduce motivation, 
but the complexity of the motivational systems complicates the task. An alternative 
approach pays less attention to the causal factors underlying why animals perform 
the behaviour, and instead attempts to directly measure the strength of the 
 motivation to perform a behaviour. This approach, based on theory developed by 
 economists to analyse consumer demand for resources, was largely pioneered by 
Marion Dawkins and her own writings remain some of the best explanations of the 
underlying principles (Dawkins, 1983, 1988, 1990, 1998). Although consumer 
demand theory is often used to assess behavioural “needs”, demand theory 
addresses different issues in that the actual motivational causes of the behaviour 
need not be specified when one tests the animal’s demand. All that we need to 
know is how much the animal is willing to work or “pay” in order to perform the 
behaviour by imposing a measurable cost on the performance of the behaviour.

There are a number of ways of imposing costs. For example, in a choice situa-
tion, animals may have to forgo access to a valued resource, such as food, in order 
to access another resource. As another option, animals can be trained to perform a 
task such as pressing a bar or pecking a key, in order to access a resource. Once 
animals have learnt to do this, the “price” of the item can be increased by, for 
example, making it press the bar more often in order to gain the reward. The extent 
that the animal values the item can then be assessed by determining how much 
work it is willing to expend. An alternative approach is to restrict the amount of 
time that animals have available to spend in performing different behaviours. As 
the time available decreases, only the most valued behaviours should continue to 
be performed. In these different ways, we can estimate the value of different 
resources to animals.

2.5.1 Calves’ Demand for Social Contact

As an example of this approach, Holm et al. (2002) carried out an experiment based 
on demand functions to determine how much priority calves placed on different 
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types of social contact. Dairy and veal calves are often kept in individual housing 
and the lack of social contact in such housing systems has been criticized as having 
a detrimental effect on the calves’ welfare. The experiment aimed to determine how 
much social contact calves “want”. Calves were housed individually but when they 
pressed a panel with their heads, a gate opened allowing them to enter another pen 
in which there was another calf. The calves were allowed to interact with the other 
calf for 3 min before being returned to their own pen. Some calves could interact 
fully with the calf, whereas other calves could only have some head-to-head contact 
through metal bars. The “price” the calf had to pay in order to gain access to the 
other calf was increased by increasing the number of times the calf had to push on 
the panel before the gate opened (from 6 to 30 times).

The calves were clearly prepared to work for social contact. When the calves 
had to press the panel only six times to gain access to the calf, they still opened the 
door almost 10 times in sessions that lasted between 20 and 50 min. Thus, the 
calves were motivated to seek social contact. As the number of pushes required for 
the door to open increased, the calves did open the door less often. When they had 
to push the panel 30 times to open the door, they did so less than five times in each 
session. Nevertheless, as the cost of making social contact increased, the calves 
were prepared to work harder, in that they pushed on the panel more times. They 
also worked harder for full access to another calf than for the head-to-head contact 
through the metal bar, indicating that calves valued the full social contact. The 
authors concluded that “calves are willing to work to get access to a conspecific, 
suggesting that the calves’ welfare may be threatened if they are not allowed to 
perform social behaviours” (Holm et al., 2002, p. 189).

This experiment illustrates how demand theory can be used to improve our 
understanding of how much animals “value” certain resources. Since the introduc-
tion of techniques based on demand theory, many researchers have documented the 
potential pitfalls with these techniques (e.g. Mason et al., 1997; Kirkden and Pajor, 
2006). The results of the test can depend greatly on how the test was done. In order 
to assess the value of a resource to an animal, the animal must be given sufficient 
time to interact fully with the resource. For example, adult cattle usually rest in 
bouts of at least 15 min. If a test of demand for rest allowed cows to rest for only 
5 min, then the cattle may not be prepared to work for the resting period. 
Furthermore, the motivation to perform behaviours often varies with time. For 
example, calves spend most time sucking during the 5–10 min following a meal of 
milk (de Passillé et al., 1992). Tests of calves’ motivation to suck on a teat therefore 
are best done during this relatively brief time. Tests of demand work best when the 
animal is kept in a “closed economy”, that is, where the animals’ only access to a 
resource is during the test itself. For example, if a calf is normally housed with 
conspecifics, then it is free to engage in social interactions whenever it wishes. If 
such an animal is tested in an experiment like that of Holm et al. (2002), it may well 
show less motivation to get access to the conspecifics during the test period.

Other factors have been shown to affect the results of demand analysis with 
other species, which may also be true for cattle. For example, the presence of social 
companions during the test can affect pigs’ motivation to work for both food and 
straw (Pedersen et al., 2002). The presence of cues or incentives that may trigger 



the animals to behave in certain ways can also influence the tests (Warburton and 
Mason, 2003).

Clearly, the results of demand testing can vary greatly depending on how and 
when the testing is done. Thus there is danger in misunderstanding effects on  animal 
welfare from poorly thought out or executed experiments. Mason et al. (1997) 
 conclude: “One way of producing results that are useful for making welfare recom-
mendations is to use subjects who are in a state and environment as similar as 
 possible to the captive animals whose welfare we are aiming to improve” (p. 16).

2.5.2 Motivation to Rest

Demand theory has been applied to cattle most often in the attempt to establish the 
importance of rest. Cattle have been forced to “pay” for the opportunity to rest by 
making them choose between resting and some activity, usually feeding. This method 
was pioneered by Ruckebusch (1974) who deprived cattle of both lying (by use of a 
rope harness) and feeding except for a period of 4 h per day when the cattle could 
do both. Initially, feeding appeared to be the priority behaviour with the cattle spend-
ing most of the 4-h period feeding and very little time lying down. As the  treatments 
continued however, the speed of eating was increased so that feeding time decreased, 
allowing the cattle to spend more time lying down. In a later study, Metz (1985) pre-
vented cattle lying down for 3 h each morning by placing them on slatted floors. 
Generally it was found that the amount of time resting in the  subsequent period was 
increased, indicating that the cattle did attempt to compensate for the reduced rest 
time, and a number of other studies have found evidence of this compensation 
(Munksgaard and Simonsen, 1996; Munksgaard et al., 1999; Fisher et al., 2002). In 
a second experiment by Metz (1985), the animals were also prevented from feeding 
for the same 3-h period. When the cows had not been prevented from lying down, the 
feeding deprivation resulted in a significant reduction in resting time during the sub-
sequent 3-h period, because the animals were eating. However, when the cattle had 
been prevented from resting, the feeding deprivation did not result in a reduction in 
resting time during the subsequent period. The results indicate that cattle protect lying 
times and compensate for reduced resting times. They also show that resting can take 
precedence over feeding.

From these findings we can infer that cattle value rest and will work to obtain it, 
indicating that insufficient rest will reduce the animals’ welfare. Further evidence 
of the welfare consequences can be derived from studying how animals respond 
when they are unable to perform behaviours that are important to them.

2.6 Examining the Consequences of Behavioural Deprivation

Motivational testing involves understanding the nature and strength of the causes 
of the behaviour and provides one way of examining the importance of different 
behaviours for animal welfare. An alternative approach is to assess the  consequences 
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of preventing animals from performing certain behaviours. This approach can be 
used to confirm results from other testing methods. For example, Mason et al. 
(2001) conducted a series of experiments using demand analysis to understand 
 captive mink’s requirements for certain resources. A swimming pool was found to 
be high on the list. When the mink were systematically deprived of each resource, 
urinary cortisol (taken as a measure of stress; see Chapter 3) was highest when 
mink were unable to access the swimming pool. For cattle, the previous discussions 
have suggested that sucking for calves and rest for cows is a high priority. Thus, 
we would expect that deprivation of these behaviours would have deleterious 
 consequences for the animals.

2.6.1 Consequences of Inability to Perform Sucking Behaviour

The performance of non-nutritive sucking by calves following a milk meal appears 
to have important physiological consequences. de Passillé et al. (1993) found that 
insulin and cholecystokinin (CCK) in the hepatic portal vein after the meal were 
higher when the calves sucked a dry teat after the meal. The increase in CCK and 
insulin concentrations was positively correlated with the duration of sucking, but 
not with the duration of other oral behaviour directed at the teat. This result sug-
gests that actual sucking behaviour is important rather than just the extra sensory 
stimulation from having the teat in the mouth. The physiological mechanism under-
lying the effect is unclear, although increased vagal stimulation may be involved 
(Veissier et al., 2002). Veissier et al. (2002) provided some evidence that sucking 
for milk may increase postprandial satiety and reduce heart rates, while increasing 
heart-rate variability, which they interpreted as an indicator of greater calmness in 
the calves. The possible satiety effects and the widespread metabolic effects of 
insulin and CCK mean that deprivation of sucking behaviour cannot be assumed to 
be inconsequential for animal well-being and growth even if this does not affect 
nutrient intake. Furthermore, as we discuss further in Chapter 8, not allowing 
calves to suck can increase the incidence of cross-sucking between the calves.

2.6.2 Examining the Consequences of Altered Resting Behaviour

Preventing the performance of certain behaviour has been also used in trying to 
understand the importance of resting time for cattle. Cattle have been prevented 
from lying down by the use of a specially designed harness. Use of such harnesses 
to prevent cattle from resting for 2 periods of 7 h each day reduces growth hormone 
concentrations in lactating cows (Munksgaard and Løvendahl, 1993). Munksgaard 
and Simonsen (1996) noted that deprivation of resting behaviour by cows resulted 
in an increase in grooming, and tended to increase the incidence of licking the pen 
equipment. Although the duration of eating and ruminating was not affected, feed-
ing tended to occur in more but shorter bouts, and more rumination occurred while 
the animal was standing rather than lying down. Neither overall basal  concentrations 



of cortisol and ACTH, nor the cortisol response to ACTH were affected. However, 
the authors did note a slight increase in plasma cortisol concentrations at the begin-
ning of the period when the harness was attached, and a markedly increased cortisol 
response to being placed in a novel area (some of the problems in interpreting these 
physiological responses are described in Chapter 3).

In a similar experiment with growing bulls, deprivation of resting time did not 
affect basal cortisol or ACTH concentrations but tended to reduce cortisol and 
ACTH responses to CRF injections 3 days after treatment and increase cortisol 
responses to ACTH injections after 53 days of treatment (Munksgaard et al., 1999). 
Behavioural changes were also noted: use of the harnesses did not affect the total 
time spent eating or ruminating, but ruminating occurred in more frequent and pre-
sumably shorter bouts, mainly while the animal was standing. There was also an 
increase in the occurrence of licking and chewing at the pen fixtures and an increase 
in the frequency of grooming. Overall, there was an increased frequency of transi-
tions between behaviours, which the authors interpreted as due to frustration 
(Munksgaard et al., 1999).

Fisher et al. (2002) prevented cows from lying down for a single 15-h period 
each day by using a harness that delivered a slight electrical shock each time the 
cow attempted to lie down. This reduced the time that the cows lay down from 8.1 h 
per day to less than 4 h per day. After 5 days, basal cortisol concentrations were 
increased and ACTH and cortisol responses to CRH were reduced.

2.6.3 Interpreting the Consequences of Behavioural Deprivation

Together these studies show the effects of preventing cows from lying down or 
 preventing calves from sucking on their behaviour and physiology. However, our 
ability to draw conclusions about these effects in terms of animal welfare is limited 
for the following reasons. The link between the behavioural and physiological 
responses that were seen and the overall welfare of the animals is not clear. Less 
ambiguous indicators of reduced welfare, such as reduced body condition, loss of 
weight, or drops in feed intake were not seen. While the changes in HPA activity 
noted (such as increased basal cortisol concentrations or increased cortisol responses 
to ACTH) are often considered as evidence of “stress”, the relationship with the 
level of animal welfare is not easy to establish (see Chapter 3), and the findings are 
somewhat inconsistent from study to study. What these studies show is that depriv-
ing animals of resting time or of sucking behaviour is not without consequence for 
the animals. Also the procedures used to reduce the behaviour (e.g. the harness used 
to prevent lying) may themselves have been stressful to the animals.

One of the problems with the studies that have tried to assess the consequences 
of deprivation of rest on the welfare of cattle is that they tend to ignore what 
the cattle do when lying down. When lying down, cattle tend to either ruminate, 
idle (i.e. doing nothing that is obvious to an observer) or sleep. Sleep itself can 
generally be divided into the two categories: (1) paradoxical or rapid eye movement 
sleep (REM) and (2) slow wave (SW), quiet or non-rapid eye movement (NREM) 
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sleep (Hänninen, 2007). A reduction in lying time may have very different effects 
on the animal depending on which of the behaviours are prevented. Rumination 
usually occurs when cattle are lying down, but when prevented from lying, cattle 
will ruminate while standing, with little change in the total duration of rumination 
(Munksgaard and Simonsen, 1996; Munksgaard et al., 1999). It is not known 
whether the rumination that cattle do when standing is different from the rumination 
they perform when lying down.

If the reduction in lying down is sufficient to interfere with sleeping, especially 
with REM sleep, then the effects on animal welfare are more likely. Unfortunately, 
apart from the pioneering studies of Ruckebusch (1972, 1974, 1975) we still know 
relatively little about sleep in ruminants. Based on polygraph recordings and behav-
ioural observations, Ruckebusch (1972, 1974, 1975) calculated that cattle spend 
somewhere between 200 and 300 min in SW sleep and between 20 and 45 min per 
day in REM sleep. Under normal conditions, both REM and SW sleep occur when 
the animals are lying down, although Ruckebush (1974) presents some evidence 
that SW sleep can occur while the animal is standing. Generally, REM sleep 
requires that the animals are able to adopt a relaxed posture (Hänninen et al. 2007) 
(Figure 4.8).

Figure 4.8 Adequate rest and sleep is an important behaviour, especially for young animals. Cows 
spend over half the day lying down. Tests based on consumer demand theory have shown that 
cattle are prepared to pay a price in order to lie down. In these experiments cows were prevented 
from lying down by a harness, but could release the harness by pressing their noses against a 
panel. The price of release could be increased by increasing the number of times the cows must 
push on the panel. As the price increased cows would push more often, showing that they are 
prepared to work in order to rest. Rapid eye movement (REM) sleep generally requires that the 
muscles are relaxed and so probably occurs when the animals are resting in relaxed postures, such 
as shown above (Hänninen et al. 2007)



Although the different estimates of sleep time vary, they all suggest that a 
 reduction in resting time would need to be fairly severe to limit sleep. Ruckebush 
(1974) noted a reduction in time spent in REM and SW sleep only when cattle were 
kept standing for 20–22 h per day and could only eat during the time that they were 
able to lie down. The fact that Ruckebush’s experiments were done with a very small 
number of animals must be borne in mind. Unfortunately, we still know very little 
about sleep (as opposed to rest) in cattle, although new techniques being developed 
for non-invasive electrophysiological data collection and for using  resting postures 
to estimate the time spent in different phases of sleep (e.g. Hänninen, 2007).

In conclusion, while these experiments show that depriving animals of the abil-
ity to perform certain behaviours can have marked behavioural and physiological 
consequences, we cannot yet unambiguously interpret these consequences in terms 
of their effect on animal welfare.

3 Behaviour as an Outcome-Based Criterion 
for Animal Welfare

In this section we discuss the use of animal behaviour as potential outcome- or 
 animal-based criteria of animal welfare, that is, where the performance of certain 
behaviours by the animal is used to make some inferences about the actual state of 
welfare of the animal. We discuss three types of behaviour. The first is  behaviours 
that directly reduce the welfare of the animals. These include injurious behaviours, such
as fighting. The second category includes behaviours that do not themselves reduce 
the animal’s welfare but that may be an indirect sign that the animal’s  welfare is 
threatened. These include vocal signals, behaviours indicating fear or anxiety, and 
so-called abnormal behaviours, such as stereotypic behaviour. The third type of 
behaviour includes those like play that may indicate that the animals’ state of wel-
fare is good.

A central theme of this book is that proposed indicators of animal welfare must 
be validated before they can be used with confidence. That is, we must have some 
confidence that these welfare indicators are reflecting the welfare of the animals. 
Validating behavioural (or any other) indicators of welfare is far from simple and 
much of the following section revolves around how this can be achieved.

3.1 Injurious Behaviours

The least controversial behavioural indicator is one that results in injury. In cattle, 
the most obvious example of this is aggressive behaviour, or a behaviour known as 
“bulling”. Bulling is the term used to refer to cases when one or more animals 
repeatedly mount other animals. “Bullers”, which, ungrammatically, are the ani-
mals being mounted, can suffer from obvious injury and bruising and appear more 
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likely to become sick and die from respiratory disease (Taylor et al., 1997b). Such 
behaviours are a clear threat to the welfare of the recipient animals, so measures of 
their occurrence are useful in assessing animal welfare.

Although fighting can be frequent in some situations, for example, during initial 
encounters between adult bulls (e.g. Mounier et al., 2005), aggression between cattle 
is fairly rare (e.g. Menke et al., 1999; Veissier et al., 2001) and what does occur 
tends to be concentrated at certain times of the day (Menke et al., 1999). This means 
that forming accurate estimates of how much aggression is occurring requires inten-
sive observations. It is often easier to observe the consequences of the behaviour, for 
example, by counting wounds. However, the correlation between the levels of 
aggression and the incidence of injuries can be variable: in one study, the incidence 
of skin injuries was found to be uncorrelated with the incidence of horning and butt-
ing in a herd of dairy cows (e.g. Menke et al., 1999). Furthermore, although the most 
obvious results of aggression are injury to the animals, the consequences of the 
dominance relationships that are formed as a result of aggression may be more 
 evident in difficulties in competing over food (e.g. Phillips and Rind, 2001, 2002; 
Val-Laillet et al., 2007). A lack of injuries or even overt fighting should not be taken 
as evidence of a lack of social tension.

3.2 Behavioural Indicators of Fear

Injurious behaviours are fairly straightforward signs of poor welfare. Other  behavioural 
indicators of poor welfare are more indirect in that the behaviour can only be taken as 
a sign of some problem. For example, cattle in pain or frightened may express this in 
some way in their behaviour, and these behaviours would be a sign of poor welfare. 
We do not intend to review all uses of such behavioural indicators of fear or pain. In 
this section we focus on one fundamental issue: how can we  validate these behavioural 
changes as indicators of poor welfare. We focus this discussion specifically on meas-
ures of fear in cattle and we ask to what extent does the  performance of the behaviour 
actually show that the animal is frightened? In the following section, we extend this 
discussion to signalling behaviour, specifically vocalizations.

Unfortunately, it is often assumed that behavioural responses to pain or fear can 
be easily recorded, and often purported behavioural signs of pain or fear are not 
validated. The main points that we wish to make can be summarized as follows:

1. The control of the behaviour of animals in response to frightening situations is 
complex and we cannot interpret behavioural responses, nor use them as indicators
of fear, until we understand the underlying causes of the behaviour. This under-
standing can come from investigating the motivational controls on the 
behaviour.

2.  Behavioural responses to frightening situations are derived in part from predator 
avoidance behaviours, and studies on the functional significance of these behav-
iours can help us understand how animals respond under fear.

3.  Because the behavioural responses that animals make when frightened are done 
to help them deal with the situation, the types of responses are often specific to 



the particular source of the fear. Thus, there may not be “general” behavioural 
responses that animals will perform in response to fear, regardless of the specific 
cause of the fear.

While we focus on fear responses, similar points could be raised regarding 
 behavioural responses to pain or other behavioural indicators of poor welfare. To 
validate behavioural responses as a measure of fear, it is important to understand the 
motivational system underlying the behaviour. The interpretation of behavioural 
indicators of fear is and will remain difficult primarily because of the complexity of 
the motivational systems underlying behaviour. The considerable research into the 
motivational basis of behaviour has shown that the behaviour of an animal at any 
one time is the result of an interaction between different motivational systems that 
appear to “compete” for control of the animal’s behaviour (see McFarland, 1989). 
The important point for this discussion is that the behavioural responses that  animals 
make in any fearful situation will reflect the relative strength of a mix of different 
motivations. The difficulty interpreting behavioural responses can be illustrated by 
the work that has been done on the very popular open-field test.

3.2.1 The Open-Field Test

The open-field test was originally developed to measure rather poorly defined 
characteristics of rats, such as “fear” or “emotionality” (Hall, 1936). A single 
animal was placed in a large, novel area and the rats’ responses, which usually 
involved defecation or increased activity, were interpreted as reflecting the 
degree of fear, either in response to novelty or to the “openness” of the  enclosure. 
However, detailed analysis of the test showed problems with this simple 
 interpretation. Careful experimental work suggested that the responses probably 
reflect a mix of motivations such as freezing in response to fear, exploration, 
escape attempts, and specific responses to social isolation (Archer, 1973). More 
recently it has been shown that open-field activity of rats can be affected by 
 factors apparently unrelated to the degree of fear, such as aerobic capacity 
(Friedman et al., 1992).

Despite these problems, the open-field continues to be used as a measure of 
 animals’ responses to stress. The open-field test has long been used as a way of 
measuring cattle’s responses to fear-provoking situations (Kilgour, 1975; Kilgour 
et al., 2006; Van Reenen et al., 2004, 2005). Often this involves placing a cow or 
calf in a novel area for a few minutes and then recording some aspect of its 
 behaviour. In many cases, the open-field area is divided into a number of squares 
and the researchers count the number of squares that the animal enters. The 
research, however, shows the same problems with interpretation as the rodent 
research. For example, some authors interpret the degree of activity that cattle show 
in an open-field as the degree of nervousness (Warnick et al., 1977), general agita-
tion (Kilgour et al., 2006), or vigilance (Müller and von Keyserlingk, 2006) while 
others interpret the same degree of activity in terms of the level of “locomotory” 
motivation (e.g. Dantzer et al., 1983; Dellmeier et al., 1985).
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It is most likely, as is the case with rodents, that the behaviour of cattle in an 
“open-field” reflects a changing mix of motivations, rather than activity on a single 
dimension such as fearfulness. Cattle’s responses to a variety of tests thought to 
measure fearfulness in different situations often are not strongly correlated (e.g. 
Kilgour et al., 2006; Van Reenen et al., 2004, 2005) suggesting that the causes of the 
behaviour are multidimensional. de Passillé et al. (1995) used factor analysis as a 
means of analysing the mix of motivations that underlie the behaviour of calves in 
an open-field. Even when only seven different behaviours were observed (sniffing/
licking, walking, running, jumping, vocalization, defecation, and standing  immobile), 
it was still necessary to use three factors to account for more than half of the variance 
in these behaviours. Based on the behaviours that had the highest correlations, these 
three factors were tentatively labelled as “fear” (vocalization, defecation), explora-
tion (sniffing and licking), and locomotion (running and jumping). The correlations 
between these three factors were small, suggesting that they were effectively 
 independent sources of motivation. Furthermore, the total activity of the calf was 
correlated with all three factors. Thus, a calf could show a lot of activity either 
because it had a high level of fearfulness, or a high level of exploration, or a high 
level of locomotion, or a mixture of all three. Thus it would be dangerous simply to 
measure total activity and to interpret the calves’ activity in this test as reflecting 
only or primarily the level of fearfulness. Van Reenen et al. (2004, 2005) also report 
a multidimensional analysis of calves’ responses to an open-field test.

While factor analysis can be a useful way of examining the complex 
 motivational structure underlying behaviour, the result can depend on the assump-
tions made in carrying out the test, so results are best thought of as hypotheses 
about the motivational structure of behaviour. These hypotheses still need to be 
tested before we can be confident in the interpretation. One approach to testing 
these hypotheses is to correlate the behavioural and physiological responses that 
are thought to be a sign of stress (e.g. Müller and Schrader, 2005; Van Reenen 
et al., 2005). However, the physiological responses are themselves not easy to 
interpret (see Chapter 3) and so de Passillé et al. (1995) attempted to test their 
 interpretation of calves’ open-field behaviour by experimentally varying the 
degree of motivation of each calf. For example, the factor analysis suggested that 
the amount of defecations and vocalizations might indicate the degree of fear the 
calves showed in response to the novelty of the enclosure. This was tested by 
examining how these aspects of the behaviour of the calf changed in response to 
three factors that were likely to alter the degree of novelty of the enclosure and 
hence the degree of fear the calves showed: prior experience of the enclosure, the 
presence of a novel object, and the age of the calves. As expected, the amount of 
defecations and vocalizations was higher for younger calves and was increased by 
adding a novel object, while allowing the calves to become familiar with the arena 
reduced the occurrence of these behaviours. Thus these behaviours seem to be 
useful in assessing the degree of fear that calves show in response to novelty.

Although older calves also showed more running and jumping, these  behaviours 
were not affected by the degree of familiarity of the enclosure or by the presence 
of a novel object, suggesting that measures of these types of activities could not 



be used to measure calves’ degree of fearfulness. Van Reenen et al. (2005) 
 similarly found that measures of locomotion in the open-field did not  correlate 
well with the other behaviours shown. In contrast, there is evidence that the 
 occurrence of these specific behaviours may well reflect locomotor  motivation, as 
proposed by de Passillé et al. (1995) and Van Reenen et al. (2005). For example, 
Jensen et al. (1999) found that calves that had been confined in a smaller space 
before the open-field test showed more galloping and bucking during the test than 
calves that had access to more space. The social context of the test may have an 
influence: Jensen (2001) found that calves showed less locomotor activity in an 
open-field when tested in pairs compared to when tested alone.

Generally, it is likely that any behavioural response to stress will reflect a mix of 
motivations. Multivariate statistical analysis can help unravel the nature of the 
 motivations underlying these responses (Müller and Schrader, 2005; Van Reenen 
et  al., 2005; Kilgour et al., 2006) but interpretation of the results often appears sub-
jective. However, the study of de Passillé et al. (1995) shows that use of multivariate 
statistical analysis, combined with experimental manipulations, can help us interpret 
the behaviour that animals make in an open-field and help choose the most appropri-
ate measures of fear. Alternative ways of measuring the degree of fearfulness of 
cattle extend the use of statistical techniques described earlier to combine results of 
multiple tests, and try to find common measures of fear that are apparent in a range 
of tests (Müller and Schrader, 2005; Van Reenen et al., 2005; Kilgour et al., 2006).

3.2.2 Alternative Approaches to Fear Assessment

One criticism of the open-field test is that it places animals in an artificial situation. 
Blanchard and Blanchard (1988) have criticized this use of artificial stressors, argu-
ing that stress responses shown by animals have evolved to deal with the specific 
stressors that the animal is likely to encounter in its natural life. For example, many 
fear responses are specific to predation threats. Anti-predator behaviour is likely to 
involve a series of graded responses, and the first line of defence is to detect the 
predator before it is too close. For most prey animals this is achieved by routine 
scanning of the environment, a phenomenon that has become known as “vigilance” 
(Figure 4.9).

To improve detection of predators, animals need to spend time being vigilant, 
but this scanning can interfere with other behaviours like grazing. Thus animals are 
facing competing selective pressures on time spent scanning; reducing the risk of 
predation but allowing time to perform other important activities like foraging. The 
degree of vigilance may be affected both by the animals’ own assessment of the 
risk of predation and the strength of motivation to perform competing behaviours. 
Thus, studies of vigilance may provide a useful paradigm for assessing perceived 
risk under different conditions of motivational conflict.

Considerable research has been carried out on vigilance behaviour in free-living 
animals. One robust finding is that vigilance by individual animals in a group is 
inversely related to the size of the group (Elgar, 1989; Roberts, 1996). A plausible 
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Figure 4.9 Vigilance is an important part of anti-predator behaviour of many prey species, 
increasing the chance that predators will be detected. Cattle are more vigilant in the presence of a 
dog than in the presence of a person. Cattle are also more vigilant in the presence of a handler who 
has handled them aversively compared to an unfamiliar person, or a person who has handled them 
gently. These results support the idea that measures of vigilance can be used to measure the degree 
of fearfulness of cattle (From results presented in Welp et al., 2004.)

functional explanation for this relationship is that the additional group members 
increase the chance of predator detection so that, in a larger group, any one 
 individual can reduce vigilance time but still have the same chance of detecting a 
predator. This effect of group size on vigilance shows that anti-predator behaviour 
can be sensitive to environmental factors that affect the risk of predation. Other 
factors that influence the risk of predation have been shown to affect vigilance. For 
example, vigilance has been shown to be higher at places where predators are more 



likely to be encountered such as at waterholes (e.g. Rose and Fedigan, 1995; Burger 
and Gochfield, 1992). Vigilance is also higher when animals are further from cover 
or a refuge (Frid, 1997). Studies on vigilance also provide information on how dif-
ferent sources of fear or risk interact. For example, work on Dall’s sheep showed 
that vigilance decreased as group size increased and as distance to cliffs (which the 
sheep use to escape from predators) decreased, and the effect of changes in group 
size was much smaller when the animals were close to cliffs (Frid, 1997). These 
results indicate that animals rate the risk of predation lower when they are close to 
a refuge, reducing the relative importance of rapid predator detection.

A few studies have used vigilance as an indicator of fear in cattle. Welp et al. 
(2004) investigated fear in dairy cattle by using a dog as a potential predator-like 
stimulus. The results showed that cows were more vigilant in the presence of a dog 
(Figure 4.8). This vigilance increased when cows were tested in a novel environ-
ment, and there is considerable evidence that cows are fearful of new environments 
as shown by increased defecation, heart rate, and cortisol levels (e.g. Munksgaard 
and Simonsen, 1995; Rushen et al., 1999a).

These results support the idea that measures of vigilance can be used as a meas-
ure of fearfulness in cattle. Although research on such behaviours in farm animals 
is rudimentary, these types of measures have the advantage over the use of more 
artificial stressors like the open-field. Vigilance functions to improve predator 
detection – other individuals might be able to detect these behaviours and use them 
for their own benefit, but this is not necessarily the intention of the animal perform-
ing the behaviour. Other behaviours do function specifically as signals to other 
animals, and it is to these behaviours that we now turn.

3.3 Signalling Behaviour

Signals, such as vocalizations and displays, can provide information about the sig-
naller’s state that is useful in welfare assessment. Since these behaviours are 
directed towards others, they are susceptible to eavesdropping, allowing us to listen 
in to animal conversations and potentially learn the animal’s view of its own condi-
tion. Griffin (1981) suggested that the study of communicative behaviour could 
provide a “window on the minds of animals” (p. 149), and animal vocalizations 
have been promoted as a means of assessing animal welfare (e.g. Manteuffel et al., 
2004). Watts and Stookey (2000) have reviewed much of the work on the vocaliza-
tions of cattle, and argue that these behaviours can provide information about the 
animals’ emotional or affective state.

3.3.1 Measuring and Describing Cattle Vocalizations

Many tools are available that allow for the quantitative and qualitative analyses of 
animal sounds. Two of the graphical displays commonly used for this analysis are 
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the time waveform, that allows us to assess changes in amplitude (loudness) with 
time, and the frequency spectrogram, that also allows us to assess how call  frequency 
(pitch) changes with time (see Bradbury and Vehrencamp, 2000, for more informa-
tion on the analysis of animal vocalizations). Figure 4.10 shows a frequency 
 spectrogram of a call produced by a dairy calf after separation from the cow.

Like all calls produced by cattle, this one consists of a stack of harmonically 
related frequencies, much like those in vowel sounds in human speech. Some of the 
measures that can be taken from this type of analysis include call duration, the 
fundamental frequency and the number of the loudest harmonic. In Figure 4.10, 
the loudest harmonic appears as the darkest band, and the fundamental frequency 
is equal to the frequency difference between adjacent bands. Because these measures
vary little within each separation call, they can provide a reasonable description of 
the call and have been used to assess how calves respond to separation (Weary and 
Chua, 2000; Flower and Weary, 2001).

These types of call features, and especially changes in such features over the 
duration of the call, have been used by some scientists to divide calls into types. For 
example, Dellmeier et al. (1985), distinguished between two types of vocalizations: 
“moo” and “baaocks”. The “baaock” tended to occur when calves were jumping and 
running and were interpreted as part of playful behaviour. In her classic work on the 
vocalizations of ungulates, Kiley (1972) identified many different call types in cattle 
on the basis of such differences in spectral characteristics and her impressions of 
how and when the calls were used. Correctly identifying call types can be very 
important, especially when using vocal measures to assess welfare. For example, 
Taylor et al. (2001) examined the vocal responses of piglets to castration. In some 
calls, the loudest frequencies were well below 1 kHz. Other calls emphasized fre-
quencies much above this level. Moreover, there was a clear bimodality in the dis-
tribution of the frequencies, providing an objective basis for classifying calls into 
two types. When calls were classified in this way, the different call types showed 
very different responses. Piglets produced a similar number of calls less than 1 kHz 
regardless if they were castrated or simply held. However, the castrated piglets pro-
duced many more calls that were greater than 1 kHz. New work is now required to 
determine if the calls of cattle can be objectively identified in this way, and if such 
categorization improves our ability to use vocal behaviour in welfare assessment.
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of a calf’s call



3.3.2 Using Vocal Behaviour to Assess Welfare: Theory and Evidence

As with other behaviours, we must approach the use of signals with some caution. 
Weary and Fraser (1995) review some of the issues involved in using signals as a 
means of assessing animals’ needs, and the reader is referred to this article. In order 
to use signalling to assess animals’ internal states, there must be some variability 
in the vocalization given by the animals, either in terms of the likelihood of vocali-
zation occurring, or the rate, amplitude or some aspect of the acoustic structure of 
the calls, and some aspect of this variability must provide reliable information 
about the state of the animal.

The view that communicative behaviour is essentially honest, in providing reli-
able information about an animal’s internal state, especially its motivational state, 
was implicit in the classical, ethological studies of animal displays (e.g. Tinbergen, 
1969). The underlying assumption was that natural selection should favour accurate 
signals, that is, signals that reliably communicate information about an animal’s 
intentions or likely behaviour. However, more detailed analysis of the evolutionary 
pressures on animals, particularly those that focused upon understanding the costs 
and benefits to individuals rather than species or groups of animals, showed that in 
some cases natural selection could be expected to favour “dishonest” communica-
tion, that is, where animals conveyed inaccurate information about their state in 
order to manipulate the behaviour of other animals to their advantage. Indeed, there 
are a number of instances (reviewed in Weary and Fraser, 1995) where animal sig-
nals appear to convey inaccurate information about an animal’s needs, intentions, 
or internal state. Experiments have also shown that signalling behaviour can be 
affected by the presence of an audience: roosters will sometimes give “food calls” 
to attract hens, even when no food is present (Gyger and Marler, 1988). Also, roost-
ers will sometimes fail to give alarm calls after seeing a predator, depending on the 
sex and status of other birds in their “audience” (Evans and Marler, 1992). If com-
munication is performed with the intent of influencing the behaviour of others, 
rather than just expressing an animal’s internal state, it is not surprising that the 
absence or presence of an audience would have an effect.

Under some circumstances natural selection will favour “honest” signals that 
correctly reflect some attribute of the signaller. Some signals can serve to indicate 
the quality of the signaller, for example, as a potential mate. Such signalling sys-
tems will likely be honest if the higher-quality individuals are capable of signalling 
more (i.e. they pay a lower cost to produce a given signal) with the result that con-
dition and signalling are positively correlated (Grafen, 1990). For example, domi-
nant roosters crow more than their more subordinate flock-mates, perhaps because 
subordinates pay the cost of being attacked by a dominant when they do attempt to 
crow. Other signals indicate an animal’s degree of need for certain resources, such 
as the young calf’s need for milk. Honest signalling of need requires that individu-
als in greater need signal more. Evolutionary models (Johnstone, 1999) show that 
this type of signalling is most likely to occur if: (1) listeners derive a fitness benefit 
from providing the resource to the signaller, (2) signallers vary in their need for the 
resource, and (3) that performing the signal entails a fitness cost. Rushen (2000) 
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discusses some of the ways that have been used to test the reliability or “honesty” 
of animal communication.

Thus under the right conditions animal signals can be a useful tool in welfare 
assessment. Particularly useful are those signals that provide information about 
the signaller’s need for certain resources (Weary and Fraser, 1995). Domestic cattle 
are known to vocalize in response to food deprivation. For example, dairy calves 
are normally silent when fed milk ad libitum, but become highly vocal when the 
milk is withdrawn at weaning (Thomas et al., 2001). Moreover, calves often 
 vocalize when separated from the cow soon after birth (Weary and Chua, 2000; 
Flower and Weary, 2001) and this response can be much diminished simply by 
feeding the calves more milk (Figure 4.11; Thomas et al., 2001).

Subjective states, like fear and pain, are obviously important considerations in ani-
mal welfare and the development of reliable methods of assessing these states is a prior-
ity for research. Unfortunately, the theoretical background described earlier provides 
little guidance for when and how we might expect vocal signals to relate to these subjec-
tive states. Any assessment of subjective states rests on J.S. Mills’ “argument by 
 analogy”. Briefly stated, this argument specifies that: (1) subjective states in another 
individual cannot be assessed directly, but (2) inferences regarding these states can be 
drawn on the basis that you experience this state and the other individual is similar to 
you. The strength of this argument rests on the evidence of the similarity. For example, 
if considering a pain response, we might look for  evidence of similarities in neuroanat-

0

2

4

6

8

10

Callrate
(no /4h)

Time of day

Experiment

Control

10-
14

14-
18

18-
22

22-
02

02-
06

06-
10

Figure 4.11 Rate of calling by calves at various times relative to separation from the mother. 
Experimental calves received extra milk after weaning (Adapted from Thomas et al., 2001.)



omy, neurophysiology, and responses to  pharmacological treatments, such as nerve 
blocks. Vocal responses, such as that produced by piglets during castration, have been 
used with some success in pain assessment. A number of studies have also used vocal 
responses to assess pain in domestic cattle, during processes such as branding (e.g. Lay, 
1992a, b; Schwartzkopf-Genswein et al., 1997b; Watts and Stookey, 1999; see Chapter 
5). These studies on cattle have typically found that only some individuals respond 
vocally to the pain, meaning that the vocal measures were relatively insensitive to treat-
ment effects. This may be because contextual factors can play an important role in 
influencing vocalization rates: Rushen et al. (2001b) showed that adult cows vocalize 
repeatedly when placed in social isolation but the cows did not vocalize when a person 
was present. This may reflect that vocalizations in cattle are primarily a response to the 
social environment (Van Reenen et al., 2005). The propensity of cattle to vocalize is also 
be affected by genetic factors (Watts and Stookey, 2001; Watts et al., 2001). Regardless, 
it would seem that vocal measures are less useful for pain detection in cattle. In particu-
lar, observers should not conclude that a procedure is not painful for an individual cow, 
simply because she failed to vocalize during the procedure. This problem of inconsist-
ent vocal responses is much reduced if considering large samples. For example, Grandin 
(1998a, 2001a) has found that many beef cattle vocalize during pre-slaughter handling 
associated with painful events, such as use of cattle prods, etc. When considering the 
hundreds of animals that pass through the slaughter line, she found that changes in the 
incidence of vocalizations were useful in tracking welfare improvements that occurred 
following changes in operating procedures at the plant.

Cattle also vocalize in situations that appear to be fear-provoking. For example, 
both adult cattle (e.g. Boissy and LeNeindre, 1997; Watts and Stookey, 2001; 
Rushen et al., 2001b) and younger calves (de Passillé et al., 1995; Watts et al., 2001) 
vocalize particularly when socially isolated. Cows also vocalize when separated 
from their calves (Hopster et al., 1995; Weary and Chua, 2000; Flower and Weary, 
2001; Haley et al., 2005). Calves also vocalize when placed in novel environments, 
even where this does not involve social isolation (Carson and Wood-Gush, 1984; 
Dellmeier et al., 1985).

In other species, the link between vocalization and fear has been supported by 
studies showing a relationship between vocalization and physiological systems 
involved in fear. For example, in pigs, Schrader and Todt (1998) demonstrated a 
correlation between the occurrence of vocalization following social isolation and 
changes in stress hormones such as epinephrine and cortisol. In cattle, the link 
between vocalization and physiological responses is less clear. For example, plac-
ing adult cattle in social isolation increases the incidence of vocalization and results 
in increased cortisol and suppression of oxytocin. However, the presence of a per-
son eliminates the vocalization but does not alter the cortisol or oxytocin responses, 
suggesting that different mechanisms underlie these behavioural and physiological 
responses (Rushen et al., 2001b).

Thus vocal signals can be of use in welfare assessment, including assessments of 
subjective states such as fear and pain. However, we must remember that the 
 functional bases and mechanisms controlling vocal responses in cattle are still poorly 
understood, such that inferences regarding these responses must be made with 
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 caution. New work is also required on if and how cattle vocalizations can be objec-
tively divided into categories and if so, whether these different call types have differ-
ent meaning for the listeners. More generally, we know very little about other types 
of signalling in cattle (e.g. visual and chemical signals), and how these signals might 
be used in understanding and improving their welfare. Recent work has suggested 
that the amount of eye-white shown by cattle may signal emotional state (Sandem et 
al., 2006). The types of signals used by cattle clearly needs further research.

3.4 Abnormal Behaviour

Cattle, especially calves, show a variety of sucking, licking, nibbling, and tongue-
related behaviours that are often considered “abnormal” and have figured 
 prominently in attempts to assess welfare (Figure 4.12). The use of the word 
“abnormal” to describe such behaviours in some ways suggests that they are associ-
ated with poor welfare, but the word can have many meanings. First, there is the 
purely statistical meaning of rare or not usual. This meaning is of little relevance in 
the present case since such behaviours can often be performed by a large majority 
of animals in some housing systems (Mason and Latham, 2004). Second is the 
meaning of unnatural, in the sense that performance of these behaviours is not a 
part of the natural behaviour of the species. However, this meaning is of little help 
in discussing animal welfare largely because of the problems with the concept of 
natural behaviour discussed in Section 2.3. In many cases, such behaviours are 
labelled abnormal because the function of the behaviour is not clear to the observer. 
This is more a recognition that we do not understand the behaviour, rather than a 
property of the behaviour itself. Our own point of view is that the labelling of such 
behaviours as “abnormal” is not helpful. Instead, we urge readers to think carefully 
about why animals are performing the behaviours. A mistaken understanding of the 
motivation behind other abnormal behaviours, such as stereotypic behaviour in 
swine, has led to incorrect interpretations of what these behaviours show about ani-
mal welfare (Rushen, 2003). We must also be able to validate these behaviours as 
an indicator of welfare by linking performance to reduced welfare.

In Chapters 6, 7, and 8, we provide some examples of how housing and feeding 
methods can influence the occurrence of a variety of abnormal behaviours. In 
Section 3.4.1 we illustrate how the motivation underlying one abnormal behaviour, 
tongue rolling, has been studied and related to animal welfare. This behaviour is an 
example of a stereotypy: behaviours that are highly repetitive, performed for long 
periods, and that are without obvious function (see papers in Mason and Rushen, 
2006). Mason and Latham (2004) provide a discussion of how apparently abnormal 
behaviours are related to animal welfare, and we encourage the reader to consult 
this article. Although we use tongue rolling as an example, we believe that the same 
approach as described here can be applied to the analysis of other abnormal behav-
iours in cattle, including cross-sucking or non-nutritive sucking (discussed earlier 
in this chapter and in Chapter 8).



Figure 4.12 An example of non-nutritive sucking by a milk-fed calf (above) and tongue rolling 
by a lactating cow (below). These are two examples of behaviour that are commonly thought of 
as “abnormal”, the occurrence of which may indicate a welfare problem. However, in order to use 
the occurrence of such behaviours as a means of assessing the welfare of the animals, we need to 
better understand why the animals perform them

3.4.1 Stereotypic Tongue Rolling

The most common stereotypic behaviour among adult cattle is tongue rolling, 
occurring either inside or outside the mouth as described in detail by Redbo (1990; 
Figure 4.12). This behaviour occurs in association with bar biting and licking parts 
of the pen or stall equipment such as metal bars or chains. In a well-integrated 
series of experiments, Ingrid Redbo has explored the causal basis of these 
 behaviours and has documented the role that feeding motivation plays in their 
occurrence. A considerable body of evidence has shown that stereotypies in other 
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farm animals are also closely related to feeding problems or high levels of feeding 
motivation (Bergeron et al., 2006). Tongue rolling was found to be far more 
 frequent among tethered cows than among cows on pasture or in loose housing, 
where it was almost absent (Redbo, 1990, 1992, 1993). Initially, this suggested that 
physical restraint was the cause of these behaviours. However, tongue rolling also 
tended to be preceded or succeeded by feed-searching behaviours such as licking 
and sniffing at the empty food trough, behaviours that suggested frustrated feeding 
motivation as an underlying cause (Redbo, 1990, 1992). Redbo (1992) suggested 
that tethering might increase the incidence of these behaviours by limiting the 
amount of time that the cows could manipulate feed.

Compared to ad libitum fed tied cows, those fed a limited amount show more 
tongue rolling and feed-searching behaviours, and spend less time feeding and 
 ruminating (Redbo et al., 1996). Adding long straw to cows’ diets markedly reduced 
the incidence of tongue rolling even though the energy content of the diet was not 
altered (Redbo and Nordblad, 1997). Using cows fitted with rumen fistulas, 
Lindström and Redbo (2000) were able to transfer rumen content between cows and 
thus were able separate out the effects of the amount of feed ingested (including the 
duration of feeding) from the effects of rumen fill and the metabolic effects associ-
ated with digestion. Cows provided reduced amounts of feed showed high levels of 
tongue rolling, even if rumen content was increased via the rumen fistula. Moreover, 
cows that were allowed to eat a large meal, but that had some of their rumen content 
removed, showed only a low level of stereotypic tongue rolling. It is not yet clear 
whether these effects were due to the reduced time eating or to the reduced amount 
of feed intake. However, the results show that the ingestion of feed plays an impor-
tant role in the occurrence of these behaviours, and likely in feeding motivation.

Together, these results indicate that tethering increases the incidence of tongue 
rolling, primarily because it reduces the time that the cows take to eat. However, it 
should be noted that the herd studied had a very high incidence of tongue rolling, 
with over 70% of cows showing tongue rolling (Redbo et al., 1996). This may have 
been due to cows being fed restricted amounts and that the feed was placed in sight 
of the cows but out of their reach (Redbo, 1990, 1993). The extent that the occur-
rence of tongue rolling is influenced by the method of food delivery or the type of 
food provided (e.g. the amount of forage and concentrate provided in the diet) has 
not yet been examined. Furthermore, there is some evidence that salt deprivation 
increases oral stereotypies (Phillips et al., 1999).

Tongue rolling is also seen in young calves (Redbo, 1998) and fattening bulls, 
where the incidence also can be high (Sato et al., 1994). The incidence does not 
differ between tethered and untethered, individually housed animals (Wilson et al., 
1999). Providing calves with objects that they can manipulate orally, such as a piece 
of rubber tire or a chain, reduces tongue rolling (Veissier et al., 1997). Tongue play-
ing in older beef cattle has been less studied but Sato et al. (1994) reported that such 
behaviours were performed most often at the same time as  feeding behaviours and 
were less common at the end of the fattening period, when the feeding of concen-
trates was ad libitum. This again suggests the importance of feeding motivation in 
the occurrence of these behaviours.



Although tongue rolling is related to feeding motivation, other factors also 
 influence its occurrence. Redbo (1992) noted a large difference between individual 
cows in the extent that they showed tongue rolling. Furthermore, the distributions of 
the frequency of this behaviour tended to be positively skewed, suggesting that most 
individuals show little or no tongue rolling, while a small number of cows perform 
the behaviour very frequently. These differences appear to remain as the animals’ 
age. Redbo (1998) noted that 4- to 7-month-old calves that showed frequent tongue 
playing, also showed more tongue rolling when they were 17–20 months old.

What evidence is there that the occurrence of such behaviours reflects a reduced 
level of animal welfare? At a herd level the evidence seems clear, as the incidence 
relates to underfeeding and hunger is clearly a welfare problem. It is, however, less 
clear that variation among animals within a herd is indicative of variation in how 
well these animals are coping with the underfeeding. No one has yet reported that 
cows that show more tongue rolling are at greater risk for health problems, and no 
clear correlations were found between the incidence of tongue rolling and basal 
 urinary cortisol concentrations when 16- to 20-month-old heifers were tethered 
(Redbo, 1993). However, high levels of tongue rolling were associated with lower 
basal concentrations of ACTH in 4–7-month-old calves and lower cortisol responses 
to ACTH in 17- to 20-month-old heifers (Redbo, 1998). The degree to which an 
animal showed tongue rolling was also related to some aspects of its behaviour in an 
open-field. Although the pattern of these results is difficult to interpret, Redbo 
(1998) suggests that differences between individual animals in the extent of tongue 
rolling may be related to differences in their response to stressful events. The major 
 problem, however, lies in the difficulty interpreting HPA activity (Chapter 3) and 
open-field activity (Section 3.2.1 of this chapter) as animal welfare indicators.

Despite the widespread use of stereotyped behaviours in assessment of animal wel-
fare, we still lack clear evidence that they are associated with poor welfare at an indi-
vidual level in cattle and in other species (Mason and Latham, 2004). Indeed, in some 
cases the performance of stereotypies may actually help animals. For example, horses 
increase saliva production through the performance of stereotyped oral behaviours, and 
this saliva can help horses cope with the acidosis produced by diets rich in concentrates 
(Nicol et al., 2002). Mason and Latham’s (2004) review of the evidence linking the 
stereotypies and animal welfare concluded that “environments that induce or increase 
stereotypy are indeed typically worse than those that do not, but within a stereotypy-
inducing environment, the most stereotypic animals are likely to be the least welfare-
compromised individuals. However, even this distinction is clearly not the whole story. 
Some treatments or housing  conditions that cause good welfare also enhance stereotypy 
and stereotyping animals do not always have good welfare” (p. S60).

3.5 Play Behaviour

Many of the behaviours reviewed earlier are useful in detecting negative emotions or 
states in animals. Unfortunately, little research on animal welfare has focused on ways 
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of assessing and improving positive emotions in animals. One class of  behaviours that 
are relevant in this respect is play, which animals seem to enjoy (Spinka et al., 2001). 
Play sequences often consists of interactions that imitate the process, if not the end 
point, of more clearly functional behaviours like fighting (Figure 4.13).

Figure 4.13 The occurrence of play has been proposed as one behaviour that may indicate “positive” 
animal welfare. Animals give the impression that they enjoy playing (top). The types of play behav-
iour seen among cattle have not been well described. Young cattle are often seen fighting in a  playful 
manner (bottom). The difficulty is knowing whether this really is play or a form of aggression



 

 

 

 

 



How animals benefit from play is not well known, but play could help animals 
improve social skills, especially for species that need practice to develop effective 
courtship, appeasement, or competitive behaviour. For example, pre-weaned dairy 
calves reared in groups (as compared to the more conventional individual housing) 
spend time playing (Jensen et al., 1998), and these calves are more likely to become 
dominant when mixed with animals that have been individually reared (Broom and 
Leaver, 1978). Play may also prepare animals for coping with unusual situations, 
such as maintaining balance on a slippery surface. Indeed, play sequences often 
involve some aspect of self-handicap, such as an ungainly body posture that make 
animals particularly likely to fall or move in unusual ways (Spinka et al., 2001). 
Little is known about the motivations underlying play behaviour, although in some 
animals, preventing young from playing results in an increased time spent playing 
when they are given the opportunity, suggesting some internal sources of motiva-
tion (e.g. Holloway and Sutter, 2004).

Play in cattle has not been well studied, and it is not clear which behaviours 
should be described as playful. Young calves show mainly locomotor play, such as 
the jumping described by Dellmeier et al. (1985). This behaviour does decrease 
with age and is reduced when calves are kept at higher densities (Jensen et al., 
1998), but at present we do not know enough about the causes of this behaviour in 
calves to use this with much confidence to assess their welfare.

4 Conclusions

In this chapter, we have focused upon the issues that arise when we use animal 
behaviour to assess welfare. Behavioural deprivation remains one of the crucial 
issues in animal welfare, and developing scientific techniques for deciding how any 
given instance of behavioural deprivation affects animal welfare remains an 
 ongoing need. Although the concept of natural behaviour captures some of the 
popular disquiet with modern housing systems, it presents scientific difficulties. 
We have discussed a number of techniques that have been used to try to assess the 
importance to the animal of being able to perform a particular behaviour. However, 
these techniques have so far only been used on a small number of behavioural sys-
tems, limiting our ability to use behavioural indices of animal welfare with much 
confidence. Demonstrating the validity of such indices remains an urgent task.
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Chapter 5
Acute or Short-term Challenges 
to Animal Welfare

1 Introduction

The various challenges to animal welfare can be roughly divided into acute challenges 
(such as branding, dehorning) that last for only a short period of time (seconds, minutes, 
or hours) and which consequently affect the animals’ welfare mostly for a relatively 
short period of time, and chronic challenges (such as the method of housing) that 
last considerably longer (weeks, months, or years) and that consequently affect the 
animals for much longer. In this chapter, we discuss short-term procedures.

2 Painful Procedures

Procedures that cause pain and distress to animals are likely the most contentious 
of all animal welfare issues. Intentionally causing pain to another human is 
considered repulsive in most societies, and causing pain to animals normally 
generates a similar response. Despite these concerns, painful procedures like 
branding, castration, and dehorning are routinely performed on cattle without 
benefit of pain relief. In this section, we address how pain in cattle can be assessed 
and how painful but necessary procedures can be modified to reduce or prevent the 
pain that cattle experience.

2.1 Assessing Pain

Pain, like other affective or emotional states in animals (fear, anxiety, pleasure, 
etc.), is difficult to assess. However, a substantial body of literature is now available 
that discusses the best methods of assessing pain. These general ideas and methods 
also apply to the assessment of the other affective or emotional states. For reviews 
of pain and pain assessment, see Weary et al. (2006) and Rutherford (2002). Here 
we summarize some of the important ideas and approaches.
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The scientific assessment of pain in animals normally relies on one of three 
approaches: measures of general body functioning such as food and water intake or 
weight gain, measures of physiological responses such as plasma cortisol con-
centrations, and measures of behaviour such as vocalizations (Rutherford, 2002). 
Changes in body weight, food and water intake are often easiest to record when 
animals are singly housed, but these measures need to be taken over a period of 
time and thus tell us more about what the animal was experiencing in the past, that 
is during the interval between observations (which are typically hours for food and 
water consumption and days for changes in body weight), rather than what the 
animal is experiencing at present. Behavioural responses give the most immediate 
information on the animal’s present emotional state, but there are obvious difficulties
in interpretation (Chapter 4). In relatively stoic prey species, such as cattle, that 
rarely show pronounced behavioural responses to pain, physiological measures of 
pain and distress (see Gregory, 2004) can be useful. However, these measures 
require techniques and equipment that make them impractical for on-farm assess-
ments, and typically require restraint and blood sampling that are also distressing for 
the animal. Furthermore, there are many difficulties in interpreting these responses in 
terms of animal welfare (Chapter 3). Regardless of the method used, the assessment 
techniques need to be validated to establish that variation in the response provides 
meaningful information about the pain that the animal is experiencing.

The most convincing evidence that a measure of pain is valid comes from 
experiments that examine animals’ responses in four different situations: those with 
and without a painful treatment and with and without analgesics known to be effec-
tive at treating this pain. The most useful measures will be able to identify the 
painful treatment (i.e. the painful procedure without the analgesic), and will show 
no difference among the other three situations. For example, in one experiment, 
Faulkner and Weary (2000) measured pain response of calves in the hours after 
hot-iron dehorning (Figure 5.1). Calves were either dehorned or put through a sham 
procedure. These two treatments were done either with or without the non-steroidal 
anti-inflammatory drug (NSAID) ketoprofen. Three behavioural responses (number 
of ear flicks, head rubs, and head shakes) were recorded for 24 h after the proce-
dure. Calves that were dehorned without the NSAID showed high frequencies of 
the three behaviours throughout the 24-h period after the procedure. However, 
calves that underwent the sham procedure with or without the NSAID showed 
almost none of these behaviours. Calves that were dehorned with the NSAID also 
showed a much lower occurrence of these behaviours, demonstrating that these 
responses are valid indicators of post-procedural pain (Figure 5.2).

2.2. Assessing Pain Through Behaviour

The types of behavioural observations used to assess pain can be roughly divided 
into subjective measures, which require the observer to make some subjective rat-
ing based on the occurrence of certain types of behaviours, or objective  measures, 



Figure 5.1 The horns of cattle (left) can be dangerous to the people who handle them and to other 
cattle when they are kept together in enclosed areas. For this reason, horns are often removed on 
both beef and dairy cattle during the first weeks or months of life (right). Many different pro-
cedures are used. Research has shown that most of these procedures cause pain to the animals and 
that a combination of local anaesthetics, analgesics, and tranquillizers substantially reduce the 
pain and stress
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Figure 5.2 The frequency of three behaviours (head shaking, ear flicking, and head rubbing) that 
are thought to indicate the calf’s response to the pain of dehorning. These behaviours hardly 
occurred when the calf was subjected only to sham dehorning but the frequency was signifi-
cantly higher when the calf was dehorned. Use of an analgesic (ketoprofen) reduced the frequency 
of these behaviours almost to the level that was found when the animals were only subject to sham 
dehorning. This shows that the frequency of these behaviours is a valid measure of how painful 
the calves find the procedure (From data presented in Faulkner and Weary, 2000.)
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which require a measurement of some parameters of the behaviour itself (e.g. fre-
quency of occurrence, durations, etc.). Subjective scoring systems have been par-
ticularly popular in the veterinary literature, perhaps because these are considered 
relatively easy to apply in a clinical setting. A well-known example for farm ani-
mals is gait scoring to assess lameness in cattle (discussed in Chapter 2). 
Unfortunately, there is often little standardization or justifications of which behav-
iours are included in the scoring system, and subjective schemes often suffer from 
poor reliability or repeatability. The reliability of a measure refers to its potential 
for obtaining the same results when scoring is repeated. This can be evaluated by 
having the same observer rescore animals on multiple occasions (intraobserver reli-
ability), or by having different observers independently score the animals (interob-
server reliability). The degree of repeatability will vary depending on the actual 
scoring technique used. For example, Winckler and Willen (2001) found that lame-
ness scores for three observers were in agreement for 63–74% of observations, 
while Flower and Weary (2006) found intraobserver consistency of 76–85% and 
interobserver consistency of 69%. Lower levels of inter and intraobserver reliability 
obviously limit the usefulness of a measure, and place an upper limit on the extent 
to which the measure can be validated.

Three main classes of behaviours can be useful in pain assessment. The most 
obvious of these are pain-specific behaviours, like head rubbing following 
dehorning, as described above, or licking the tail area during tail docking (Eicher 
et al., 2000; Figure 5.3). Defensive behaviours can sometimes also be seen when 
the animal or site of injury is manipulated, such as bucking in lambs upon palpa-
tion of the scrotum following castration (Thornton and Waterman-Pearson, 1999). 

Figure 5.3 One useful indicator of pain is the 
occurrence of pain-specific behaviours. For  example, 
calves that have been dehorned rub their heads, 
flick their ears, and shake their heads. Calves that 
have had their tails banded as part of tail docking 
(above) frequently lick their tails or their posterior. 
Although such behaviours  occasionally occur spon-
taneously, the frequency of their occurrence is much 
higher when animals are in pain



A painful injury will sometimes increase the animal’s sensitivity to other sources of 
pain, and such hyperalgesia is typically assessed by exposing the animals to a pain-
ful stimulus (e.g. heat) and measuring the withdrawal response (e.g. Whay et al., 
1998). The site and intensity of pain and its duration will influence the severity of 
these responses, and the sorts of behaviours that are observed. For example, 
calves respond to application of the hot iron by performing vigorous escape 
behaviours such as tipping forward onto the front legs and rearing, but respond to 
the post-operative pain with more subtle injury-directed behaviours such as ear 
flicking and head shaking (e.g. Grøndahl-Nielsen et al., 1999). The fact that dif-
ferent types of behavioural responses occur at different times following a painful 
event adds to the complexity of assessing pain in animals.

A second class of pain response involves declines in the frequency or magnitude 
of certain behaviours. General lethargy has long been regarded as a sign of pain in 
animals (Morton and Griffiths, 1985), and pain studies often include measures of 
both reduced activity and reactivity. Particularly informative are those behaviours 
that animals would otherwise be highly motivated to perform. For example, cows 
with painful hoof lesions may spend less time standing and feeding at the feed 
bunk. Such a decline comes at a clear cost to the animal (reduced food intake), 
indicating that the pain is important to the cow.

A third class of pain measure are those of choice or preference. Measures of choice 
were among the first behaviours to be used in the field of animal welfare science (e.g. 
Hughes and Black, 1973), and can be used to evaluate how animals perceive the 
relative value or aversiveness of different treatments (Chapter 4). In what is arguably 
the most convincing form of choice study from the perspective of pain assessment, 
animals can be trained to self-medicate with analgesics, and researchers can directly 
assess the frequency and amounts administered. For example, Danbury et al. (2000) 
trained lame and sound broilers to discriminate between two feeds, one containing 
an analgesic, and found that lame birds consumed more of the food contain-
ing analgesic. To our knowledge, this approach has yet to be attempted with cattle.

2.3 Pain Prevention and Mitigation

Recognizing pain only takes us part way – we also need to find ways of reducing 
or preventing its occurrence. Obvious approaches include preventing injury and 
disease that cause pain, and minimizing the effects of these ailments through 
improved diagnosis and treatment. Many cases of painful injury and disease can be 
avoided by refinements in animal care. For example, mastitis is a painful infection 
of the udder in lactating cows that can be largely prevented through proper man-
agement practices. The issue of animal disease and its impact on animal welfare is 
discussed at length in Chapter 2.

In other cases we may also be able to dispense with the procedures that cause 
pain, but the practicality of this option will depend upon the purpose of the 
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procedure and the availability of feasible alternatives. Painful procedures performed
on animals are normally assumed to provide some concrete benefit to either the 
animal or its caretaker, but research can sometimes allow us to reconsider whether 
the procedure is really needed, at least in its current form. For example, in the past 
few decades, dairy farmers began tail docking (see Section 3.1 for more details) 
their animals in an attempt to reduce the risk of mastitis on their farms. Reducing 
the risk of mastitis is a laudable aim, but a series of experiments – involving thou-
sands of animals with docked and intact tails – have found no effect on udder health 
(Eicher et al., 2001; Tucker et al., 2001; Schreiner and Ruegg, 2002). This evidence 
is helping producers make better-informed decisions, and today fewer dairy produc-
ers are using this procedure on their farms. In other cases, a painful but necessary 
procedure can be eliminated through the use of selective breeding for desired traits. 
For example, dehorning of calves is normally considered necessary to prevent 
injury to other cattle and to animal handlers, but the development of polled lines 
(i.e. animals that are genetically hornless) through selective breeding has negated 
the need for this procedure in some breeds of beef cattle.

One of the most obvious refinements for injury and disease and for painful 
procedures is the provision of anaesthetics and analgesics. Although there are 
many excellent examples where such treatments are effective and appropriate 
(see Benson, 2004), it is also important to consider that any restraint required to 
administer the drugs may be distressing for the animal, and methods of administration
(such as repeated injections necessary for a ring block) can themselves be painful. 
It is perhaps equally important to consider the practicality of measures used to 
mitigate pain. In the calf-dehorning example presented above (Faulkner and Weary, 
2000), the pain of hot-iron dehorning could be controlled using a sedative, a local 
block consisting of a series of injections, and NSAIDs to control post-operative 
pain (Figure 5.2). However, it is difficult to convince dairy producers to adopt such 
an elaborate approach. One way of increasing adoption is to find methods that are 
inexpensive and easy to apply, or provide benefits to the producers, or ideally both. 
For example, Vickers et al. (2005) showed that pain and distress due to caustic paste 
dehorning could be controlled using only one injection of the drug xylazine (an inex-
pensive sedative and mild analgesic). Producers also benefit because the sedative 
makes the chore easier to perform.

There are a number of practical constraints on adopting refinements to painful 
procedures. Although better scientific and technical solutions play an important 
role in encouraging animal users to adopt procedures that prevent and mitigate 
pain, it is also important to recognize some of the cultural and economic con-
straints on adoption. For example, some effective drugs are not certified for use 
in all countries, and in other cases can only be dispensed by a veterinarian. In 
some countries, the drug xylazine (mentioned above) can only be used under 
the supervision of a licensed veterinarian. In some cases this may not be a problem 
– large dairy producers well serviced by local practitioners can include this 
treatment as part of regular herd health visits. However, for isolated ranchers living 
sometimes hundreds of kilometres from the nearest veterinarian this becomes an 
important constraint.



3 Painful Procedures for Cattle

Having reviewed above the more general issues of pain assessment and prevention, 
we now turn in more detail to common procedures that are generally considered 
painful.

3.1 Tail Docking

Cows use their tails as a natural fly swat, and with each swat, the tail comes into 
contact with the rest of the body. When the tail becomes contaminated with faeces 
containing pathogens, it can contaminate other areas of the cow’s body, perhaps 
increasing the risk of udder infections, and the tail becomes more of a threat to 
milkers and others who work with the cows. For these reasons the practice of tail 
docking dairy cattle (Figure 5.4) gained popularity in the 1980s and 1990s. Dairy 
farmers vary in when and how they perform this procedure (Barnett et al., 1999; 
Stull et al., 2002). For example, docking is sometimes done using elastic rings that 
restrict blood flow and kill the distal portion of the tail and sometimes using a dock-
ing iron that both cuts the tail and cauterizes the stump (see Tom et al., 2002b for 
comparison).

A number of studies have examined the effect of tail docking on the welfare of 
dairy cattle. In general, there seems to be little evidence that the procedure causes 

Figure 5.4 In the belief that the procedure keeps cows clean, dairy farmers in some countries will 
sometimes dock the tail of their cows, either when they are adult or as calves. Research has shown 
that the procedure is not particularly painful but may make the cows more susceptible to flies and 
can cause neuromata that may lead to chronic pain. Research has also shown that tail docking has 
little effect on the cleanliness of the cows
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much acute pain. This has been shown by a variety of behavioural, physiological, 
and immune measures of both calves and adult cows (e.g. Petrie et al., 1996b; 
Eicher et al., 2000, 2001; Tom et al., 2002a, b). There is no clear evidence that 
anaesthetics are necessary or that tail docking calves is preferable to docking adult 
cows (Tom et al., 2002a, b). In calves, evidence of acute pain is sometimes apparent 
when rubber rings are used rather than a hot docking iron (Petrie et al., 1995; Tom 
et al., 2002a), but even here the effect is small.

Despite the absence of evidence of acute pain following the procedure, tail 
docking may have longer-lasting effects on the animals’ welfare. Sectioning the 
nerves in the tails of both young calves and adult cattle results in neuroma forma-
tion (Lunam et al., 2002), which could result in chronic pain, similar to the phantom 
pain felt following limb amputation (Eicher et al., 2006). In addition, docked 
cows have more flies on them and show more fly avoidance behaviours (Eicher 
et al., 2001), both of which could reduce their welfare.

The issue of improved milker comfort from tail docking (Petrie et al., 1996b) is 
now becoming less relevant and most modern milking parlours prevent contact with 
the tail (Stull et al., 2002). Moreover, in contrast to the beliefs of many dairy farmers
(Barnett et al., 1999), multiple large-scale, controlled experiments have now shown 
that docking tails provides no systematic advantage in terms of cow cleanliness or 
udder health (Schreiner and Ruegg, 2002; Tucker et al., 2001), although one 
smaller-scale study did report an increased cleanliness of docked cows (Eicher et al., 
2001). The study by Schreiner and Ruegg, for example, found no differences in 
cleanliness, somatic cell counts or bacterial cultures of mastitis causing pathogens 
from docked and undocked cattle on nine commercial dairies. Given the obvious 
disadvantages to the cow, especially their reduced ability to control flies (Eicher 
et al., 2001), there seems little justification for continuing this procedure.

3.2 Dehorning

Few disagree that intensively reared cattle should be kept without horns: the horns 
of cattle are a danger to workers and other animals if they are not removed 
(Figure 5.1). Hornless animals can still cause injuries, but the extent of these 
injuries is reduced (Meischke et al., 1974). For this reason, horns are typically 
removed using a number of methods described below. All dehorning methods 
cause pain, but research is showing that certain methods and interventions can be 
used to reduce this pain (see Stafford and Mellor, 2005a for a review).

The developing horns of cattle 3 months of age or older are normally removed 
surgically using a number of techniques (e.g. scooping, shearing, and sawing), and 
physiological responses indicate that these procedures are painful (Sylvester et al., 
1998). Dehorning of older animals can lead to a setback in weight gain that can be 
detected more than 100 days after dehorning (Goonewardene and Hand, 1991). It is 
therefore generally recommended that dehorning be done when animals are less than 
3 months of age. Horn buds of calves are typically removed using a caustic paste or 



a hot iron. There is again good evidence that both methods are painful (Morisse et al., 
1995), but most of the studies on the pain of dehorning and how it can be reduced 
have focused on hot-iron dehorning. This procedure is known to cause an immediate 
behavioural response, including tail wagging, head movements, tripping, and rearing 
(e.g. Graf and Senn, 1999), as well as post-operative pain indicated by head rubbing, 
head shaking, and ear flicking (e.g. McMeekan et al., 1999) and increased levels of 
circulating corticosteroids in the hours following the procedure (e.g. Petrie et al., 
1996a). It is well known that local analgesics can reduce the pain caused by the burn 
injury, but it is now becoming clear that use of local anaesthetic alone is not 
completely satisfactory (Stafford and Mellor, 2005a; Figure 5.5).

One concern is that local anaesthetic does not provide adequate post-operative 
pain relief. The most popular local anaesthetic, lidocaine, is effective for 2–3 h 
after administration (McMeekan et al., 1998), and calves treated with local anaes-
thetic actually experience higher plasma cortisol levels than untreated animals 
after the local anaesthetic loses its effectiveness (Graf and Senn, 1999; McMeekan 
et al., 1998; Petrie et al., 1996 a). However, the use of NSAIDs (such as 
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Figure 5.5 Increases in plasma concentrations of cortisol following dehorning show that the 
procedure is painful (Dehorn– solid line). Local anaesthetics (LA– dashed line with squares) 
prevent the cortisol increase while the drug is active. However, once the drug wears off, the cor-
tisol concentrations rise, indicating post-operative pain. The most effective pain relief, involves 
the combination of a local anaesthetic and a non-steroidal analgesic, such as ketoprofen (LA + 
NSAID– dashed line with triangles), which reduces the post-operative pain (From data presented 
in Stafford and Mellor, 2005a.)

3 Painful Procedures for Cattle 123



124 5 Acute or Short-term Challenges to Animal Welfare

 ketoprofen), in addition to a local anaesthetic, can keep plasma cortisol and 
behavioural responses close to baseline  levels in the hours that follow dehorning 
(Stafford and Mellor, 2005a).

A second consideration is that animals respond to both the pain of the procedure 
and to the physical restraint. Calves dehorned using a local anaesthetic still require 
restraint, and calves must also be restrained while the local anaesthetic is admin-
istered. The use of a sedative (such as xylazine) can essentially eliminate calf 
response to the administration of the local anaesthetic and the need for physical 
restraint during the administration of the local anaesthetic and during dehorning 
(Grøndahl-Nielsen et al., 1999). Thus a combination of sedative, local anaesthetic, 
and an NSAID reduces the response to the pain both during dehorning and in the 
hours that follow. Unfortunately, such a combination of treatments is unwieldy for 
farmers and may itself have drawbacks for the animal. For example, an effective local 
block requires repeated injections (into the cornual nerve within the occipital groove 
of each eye and a ring block around each horn bud) that are themselves painful.

One common alternative to hot-iron dehorning is using caustic paste to cause a 
chemical burn. This method of dehorning is still painful for the calves (Morisse 
et al., 1995), but as described above Vickers et al. (2005) found that this pain is 
easier to control. This research shows how methods of pain treatment can be devel-
oped that are both effective and practical for use on farm.

One practical alternative to dehorning for many breeds of cattle is to breed cows 
to polled (i.e. genetically hornless) sires (Prayaga, 2007). Horns are inherited as an 
autosomal recessive gene with polled as the dominant condition (Long and Gregory, 
1978), making it easy to reliably produce polled calves from horned cows. Recent 
molecular biological research has begun to identify the genes involved (Prayaga, 
2007). The quality of many polled beef sires is similar to that for horned animals and 
there is no evidence that polled cattle have lower productivity (Prayaga, 2007). For 
example, Goonewardene et al. (1999a, b) found no differences between horned and 
polled cattle in birth weight, weaning weight, carcass weight, carcass characteristics, 
pregnancy rates, dystocia scores, cow weights, and cow condition scores. Unfortunately, 
dairy producers still have only a relatively small selection of polled sires available. 
This is an obvious area for continued development by companies that sell cattle 
genetics, as the use of polled sires save both a chore for the producer, and provides 
an easy way of avoiding what is obviously a painful procedure for the calf.

3.3 Branding

Like dehorning, branding involves at least three distinct welfare issues: stress due 
to restraining the animal before and during the procedure, the immediate pain dur-
ing branding, and post-operative pain that can occur in the hours following the pro-
cedure. Research to date has focused on the second of these three issues, although 
some data is also available to assess post-operative pain.

Cattle are typically branded using a hot iron (heated electrically or over fire) that 
burns the skin and creates scar tissue on which no hair will grow (Figure 5.6).



Figure 5.6 In some parts of the world, cattle are branded with a hot iron for purposes of iden-
tification. Research has shown that this procedure is painful but there has been little research 
aimed at finding practical ways of mitigating this pain. The development of alternative methods 
for identifying animals may eventually eliminate the need for this practice

One alternative method is freeze branding with an iron that has been cooled in 
liquid nitrogen or a combination of dry ice and alcohol. The freeze brand works by 
killing the cells that pigment the hair, such that white hair grows from the area that 
has been branded. It seems clear from all the research that has been completed to 
date that both methods are painful, but freeze banding consistently results in a 
lower pain response than hot-iron branding (Lay et al., 1992a, b; Schwartzkopf-
Genswein et al., 1997a, b, 1998; Watts and Stookey, 1999; Figure 5.7).

During branding, cattle respond by vocalizing, kicking, flicking their tail, falling 
in the chute, and making avoidance or escape movements that have been charac-
terized using subjective scores and objective methods. In an elegant example, 
Schwartzkopf-Genswein et al. (1998) quantified the head movements of cattle 
during branding, and found that the number of head movements, the distance the 
head was moved, and the speed of movement were all greater for the cattle that 
were hot-iron branded compared to freeze branded. In another study, Schwartzkopf-
Genswein et al. (1997a) evaluated the post-operative inflammatory responses to 
branding using infrared thermography. Both freeze and hot-iron branding resulted 
in a pronounced inflammatory response, with skin temperature almost 2°C higher 
than baseline and differences persisting throughout the 7 days of post-procedural 
monitoring. However, this inflammatory response was greater and persisted 
longer for cattle that were hot-iron branded compared to their freeze-branded 
counterparts.

One obvious gap in the research on branding is lack of attention paid to find-
ing practical methods of pain mitigation. Given that the work on hot-iron 
dehorning has resulted in successful treatment methods, this seems like a useful 
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area to pursue. More generally, researchers and the cattle industry need to work 
to develop and adopt modern methods of identifying cattle that do not involve 
injuring the animal.

3.4 Castration

Of all the routine surgical procedures performed on cattle, one of the most ancient 
and best researched is castration. The effects of castration on the welfare of cattle 
have been reviewed by Stafford and Mellor (2005b) and Bretschneider (2005), and 
we encourage readers to consult these articles. Below we provide a brief review of 
some of the key issues and research in this area.

As with other procedures that can be accomplished using several techniques, 
research on cattle castration has tended to focus on comparisons of alternative 
procedures. The most common methods are those in which the testicles are 
either removed (surgery), or killed by crushing (Burdizzo) or constricting (rubber 
rings or latex bands) the tissues that supply blood to the testes. There are several 
variations on the surgical method, including: (1) whether the scrotum is simply 
incised to allow extraction of the testes versus removal of the bottom of the scrotum 
and (2) cutting the spermatic cord versus tearing it by pulling on the testicle. 
All methods of castration are known to cause pain, but the evidence reviewed 
below indicates that the constriction methods (rubber ring and latex band) are 
most problematic.

Figure 5.7 Research using a variety of measures of pain responses, such as increases in plasma 
cortisol concentrations (left) and increases in head flicking (right) has shown that both hot-iron 
and freeze branding are painful but that freeze branding is slightly less so (From data presented in 
Schwartkopf-Genswein et al., 1997a, 1998.)



Early scientific assessments of castration centred on production effects. 
Production measures will, at best, be indirectly related to the pain, as discussed 
in Chapter 1. The assessment of production parameters is further complicated for 
castration, because of the role of testosterone in mediating growth. However, 
production measures are still worthy of attention, in part because they can allow 
us to identify win-win solutions that provide economic benefits to producers and 
welfare benefits to their animals. One major problem with studies of weight gain 
is that cattle can vary greatly in body weight depending upon the last time they 
last ate, drank, defecated, or urinated. Studies using weight changes as a response 
measure should weigh subjects multiple times each day. Studies based on infre-
quent measures of body weight will be prone to Type II error (i.e. fail to find dif-
ferences even when these exist) and negative results should always be treated 
with a grain of salt. That said, previous work has indicated that all methods of 
castration can cause reductions in weight gains with this being most pronounced 
when older animals are castrated (e.g. Bretschneider, 2005). Some studies have 
reported differences among castration methods in the magnitude of growth check 
that results. For example, Knight et al. (2000) found that cattle castrated with 
latex bands showed a greater setback in growth than did those that were castrated 
surgically. However, Bretschneider’s (2005) review showed that most studies did 
not find such a difference.

A more directly relevant class of measure is that related to wound healing and 
complications associated with the procedure. All else being equal, methods pro-
ducing wounds that heal quickly, and that are less prone to post-surgical infections 
and complications should be preferred by veterinarians, producers, and the cattle. 
Intuitively the “bloodless” methods of Burdizzo and ring castration might be 
considered superior in this regard, but the scientific evidence suggests that tissue 
trauma actually heals most quickly with surgical castration. For example, Stafford 
et al. (2002) reported that wounds from surgery were completely healed within 28 
days, while healing continued more than 7 weeks after the rubber ring procedure.

Studies attempting to directly assess pain have used both physiological and 
behavioural measures, with physiological studies focusing on plasma cortisol. In 
some situations, plasma cortisol has proven to be a valid indicator of pain; levels are 
lower following castration with the local anaesthetic lidocaine than following cas-
tration without a local block (Fisher et al., 1996). However, cortisol will also respond 
to other stressors potentially masking pain effects (Chapter 3). For example, sepa-
ration from the cow results in a pronounced cortisol response, such that calves that 
are separated and castrated cannot be distinguished from those that are simply sepa-
rated and not castrated (King et al., 1991). For this reason many of the well-designed 
studies using physiological responses to assess pain have been on individually 
housed cattle. All methods of castration appear to cause a pronounced cortisol 
response, with this being greatest for older animals (Bretschneider, 2005). However, 
the relative ranking of measures varies depending upon the way cortisol is interpreted 
(e.g. peak response, duration above baseline). One way of integrating these measures 
is to consider the area under the response curve (Chapter 3), and by this measure the 
Burdizzo method seems slightly better than surgical or ring methods (Stafford et al., 
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2002). Interestingly, the cortisol response to the surgical methods in which the 
spermatic cord is cut (rather than torn by traction) is highly variable, suggesting that 
some ways of performing this procedure may be less painful than others.

Because of the time course of the response, behavioural responses may be better 
able to distinguish between the distress due to restraint and separation from herd-
mates versus pain due to castration, and also distinguish between the immediate 
effects of the procedure, and longer-term post-operative pain. However, the 
physical restraint can also make it difficult for calves to express certain behaviours, 
and for observers to properly quantify these responses. Unfortunately, relatively 
little behavioural data is available to address pain due to castration in cattle. Fell 
et al. (1986) showed that during castration calves struggle and kick with the hind 
legs, but this response is more evident during surgical castration than during the 
placement of a rubber ring. In the hours that follow castration all methods cause 
behavioural change although the nature of these changes can vary with method. As 
Stafford and Mellor (2005b) argue, there are no clear differences that can allow us 
to conclude which procedures cause more or less pain.

A number of studies show that this pain is likely reduced when the procedure 
is performed at younger ages. For example, Ting et al. (2005) reported that the 
cortisol response to the Burdizzo procedure is greater when applied at 5 months 
of age than when applied at younger ages. Restraint is also easier with younger 
animals, so all procedures requiring restraint are best performed at younger ages. 
However, castration results in a pronounced physiological and behavioural pain 
response at all ages, so performing the procedure at a young age should not be 
considered as sufficient to eliminate pain – methods are still needed to control or 
prevent the pain.

As with other procedures, pain mitigation strategies should consider distress 
due to restraint, the immediate pain associated with the procedure, and post-
operative pain. In our view, restraint stress is the most difficult to address, and 
for range cattle the distress associated with capture and restraint may be a 
greater welfare problem than any pain the animal experiences. As described for 
dehorning (see above), drugs such as xylazine can be used to sedate calves, 
facilitating the procedure and removing the need for any physical restraint. 
However, innovative solutions are still required to ease the administration of 
the drugs, avoiding the distress due to capture and separation from the dam and 
other herdmates. Xylazine has the added advantage of providing some analgesic 
effect. Experiments on cattle have shown that this can effectively prevent the 
immediate pain due to the procedure (e.g. Ting et al., 2003), but this study used 
epidural application, a procedure that is unlikely to be practical on many com-
mercial farms. New work is needed to determine if intramuscular injections of 
xylazine or other drugs of this class (alpha-2 agonists) can be used to both 
sedate the calf and provide adequate analgesia for the procedure, as we saw 
above for caustic paste dehorning of young calves.

As described earlier in the current section, the local anaesthetic lidocaine is 
clearly effective at preventing the immediate pain due to castration. Unfortunately, 
administering the drug requires extra restraint for the animal. Lidocaine should 



be administered several minutes before the procedure is performed, meaning 
either a prolonged period of restraint, or capturing and restraining the animal 
twice: first to administer the local and again to perform the procedure.

Regardless of how we control the immediate pain, castration will cause pain that 
extends for hours and sometimes days that follow. This pain can also be treated, 
although practicality becomes more difficult, the longer the pain endures. As 
described for other procedures like dehorning, NSAIDs are effective for treating 
pain following all of the castration methods described above (Stafford et al., 2002). 
A single treatment with the NSAID ketoprofen can be effective for up to a day, and 
if provided before the tissue damage occurs can also prevent the sensitization that 
otherwise contributes to post-operative pain. However, as with administration of 
the local anaesthetic, the largest difficulty is how to administer the NSAID prior to 
castration without imposing the distress due to additional restraint. Clearly, new 
approaches are needed to develop treatment protocols for pain due to castration that 
are both effective and practical for use on farm.

Unfortunately, there are few alternatives to castration currently available for 
commercial producers. Still at the research stage is the idea of immunocastration. In 
one study, Hernandez et al. (2005) immunized cattle against luteinizing hormone-
releasing hormone (LHRH), a naturally occurring hormone important in reproductive 
development stimulating the release of other reproductive hormones and growth of 
the testicles. This and earlier studies have shown that this immunization can be highly 
effective at reducing testicle size and circulating levels of testosterone, even when 
immunization happens after the males are sexually mature. This technique shows 
great potential in that it avoids pain entirely, and allows farmers to capitalize on the 
improved growth characteristics of intact males.

3.5 Pain During Calving

Parturition is likely painful for all mammals, both during labour and in the hours that 
follow, but pain may be a particular problem during difficult calvings (dystocia) 
(Figure 5.8). Under extreme conditions, dystocia can result in stillbirth, and the 
incidence of stillbirth is increasing. For example, a study on primiparous 
Holsteins showed that frequency of stillbirth has now reached to 9% (Hansen 
et al., 2004). Even when the calf survives dystocia, both the cow and calf may 
continue to experience pain. One obvious area of concern is reluctance of the 
cow to eat and drink after calving. Cows are at high risk of metabolic and infec-
tious disease in the days after calving, partially due to a negative energy balance 
associated with low intakes (see Chapter 2). To date no research has examined the 
role of pain due to calving on subsequent intakes and health, but we view this as 
an obvious and important area for future research.

Indeed, there has been almost no research at all on the pain associated with 
calving in cattle. The one exception that we are aware of is the work of Pinheiro 
Machado et al. (1997) on the analgesic effects of consuming amniotic fluid. 
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Most terrestrial mammals lick and ingest at least some of the amniotic fluids, 
membranes, and placenta. Pinheiro Machado et al. (1997) showed that pain 
sensitivity was reduced at calving, and that cows that were allowed to consume 
amniotic fluid showed a further reduction in pain sensitivity, an effect that has 
also been documented in laboratory rats (Kristal et al., 1990). However, current 
recommendations for the management of calving for dairy cows encourage the 
rapid separation of cow and calf and limit opportunities for cows to ingest 
amniotic fluid. Also, with difficult calving and stillbirth, membranes typically 
rupture well before delivery of the calf limiting the role of amniotic fluid ingestion 
in pain control.

The effects of dystocia on the calf’s welfare may also be important. In the case 
of stillbirth there is likely minimal opportunity for suffering; for neonates that never 
breath, low oxygen levels in the blood seem to keep animals unconscious, likely 
preventing any sensations of pain or distress (Mellor and Gregory, 2003). Difficult 
calving can, however, affect the behaviour of calves that survive parturition; these 
calves are less active and take longer to nurse (Metz and Metz, 1987). Low intakes 
after birth put the calf directly at risk from starvation, and indirectly due to an 
increased risk of hypothermia especially for outdoor calving in temperate climates. 
The extent of suffering due to hunger and hypothermia have not been studied, 
although some authors assume that the effects are likely to be modest (Mellor and 
Stafford, 2004), at least in comparison with the pain due to disease and the pro-
cedures discussed elsewhere in this chapter.

Figure 5.8 A difficult calving



4 Stressful or Frightening Procedures

In the previous sections, we considered a number of procedures that cause physical 
pain to animals. Pain is an obvious concern in terms of animal welfare, but animals 
can also suffer other emotions, such as fear and anxiety. For example, just placing 
a cow alone in an unfamiliar place provokes strong behavioural and physiological 
responses associated with distress (e.g. Rushen et al., 1999a). For beef cattle that 
are handled rarely, contact with people can be a major source of stress. Such practices
rarely receive the same attention as procedures that are painful. However, all of the 
painful procedures discussed above require that animals be handled, and this can be 
a welfare problem if poorly done. Intensively reared animals are generally easier to 
handle than extensively reared animals (Croney et al., 2000) and providing extra 
contact with people generally makes handling easier (Boivin et al., 1994; Lensink 
et al., 2000, 2001c; Chapter 9). Research has not been carried out to determine 
which types of handling practices are the most effective at moving animals, but has 
examined which are the least aversive. For cattle, use of electric prods and shouting 
appear to be the most stressful (Pajor et al., 2000, 2003), and should be replaced 
with other methods wherever possible. Use of electric prods may be more effective 
than other means at making animals move but also tend to make animals fall and 
bump into the chute walls (Croney et al., 2000). Loud noises, particularly the sound 
of people shouting, are disturbing to cattle (Waynert et al., 1999) and can easily be 
avoided. The need to handle animals roughly is reduced by having good facilities 
and equipment for moving and restraining animals. Grandin (1997) provides an 
excellent discussion of appropriate facilities for handling cattle, and a good discus-
sion of principles to follow. Unfortunately, we know little about the extent that cat-
tle are exposed to various frightening but non-painful procedures and this remains 
an important area for new research (Figure 5.9).

5 Weaning

In nature, weaning involves both a gradual reduction in milk intake and increasing 
social independence from the mother, but farmed cattle are often weaned abruptly 
by separation of the cow and calf. In addition, farmed animals are normally weaned 
at much younger ages than in the wild, and sometimes face additional stressors such 
as changes in the social and physical environments. Under these conditions, wean-
ing can result in decreased nutrient intake combined with high levels of distress 
vocalizations and activity (for review, see Weary et al., 2007; Figure 5.10).

Weaning involves a dietary change, that is, from milk to a solid diet, and the 
effects of this on the welfare of the calf are discussed in Chapter 8. However, wean-
ing also involves stress associated with the rupture of the social bond between the 
calf and the cow. Some research on beef cattle has attempted to separate these fac-
tors by preventing calves from accessing the dam’s teats while allowing continued 
physical contact between the cow and calf (Price et al., 2003; Haley et al., 2005). 
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Dairy calves offer the opportunity to study events in the opposite order; calves are 
often separated from the cow within the first day of life but then fed milk artificially 
for several weeks before they are weaned onto solid food. Both examples provide 
models for understanding the effects of separation from the dam independently 
from the effects of the loss of the milk supply.

This work has shown that the presence of the emotional stressors associated with 
weaning increase the effects of the change of diet. For example, studies on beef 
cattle have demonstrated that calves show little distress when prevented from nurs-
ing if they have continued contact with the cow, but calves showed the typically 
strong behavioural response when simultaneously separated and prevented from 
nursing (e.g. Haley et al., 2005). Similarly, Jasper et al. (2007) found that dairy 
calves show little behavioural response to dilution of their milk ration, even when 
only warm water was provided from the feeding apparatus, so long as this change 
in diet was not combined with other stressors at weaning. The work on beef calves 
also shows that once the calf has had several days without access to the udder, cow 
and calf can be separated with little distress (Price, 2003; Haley et al., 2005).

Figure 5.9 Hoof trimming. Cattle are subjected to a number of routine procedures, which they 
can find frightening or stressful. Many, such as hoof trimming, are done for the animals’ own 
benefit. Regular hoof trimming has been shown to reduce the incidence of hoof lesions and is 
an essential component of hoof care for dairy cattle. Nevertheless, we know little about how 
stressful such procedures are for the cattle, or what are the best ways of reducing this stress



Figure 5.10 Weaning the calf from the cow can be a significant source of stress. For beef calves, 
weaning involves both the physical separation of the calf from its dam and a change of diet from 
milk to solid foods. Separating the two sources of stress, so that the calf is allowed to stay close 
to its mother even after it is no longer allowed to nurse, can reduce the stress of separation. For 
dairy calves, the two events are normally separated in most dairy production systems. Calves are 
taken from the cow soon after birth, but continue to drink milk so that the change of diet occurs 
several weeks later. In such cases, the calf does not form much of an emotional bond to the cow. 
However, if the calf is kept with the cow for a few days, an emotional bond can form, which 
increases the calf’s response to the separation, when it does occur

A fundamental question regarding the effect of early weaning on animal welfare 
concerns the importance of the bond between the calf and the dam and the effects 
of breaking this bond. Dairy calves are typically separated from the cow at birth 
and then fed milk artificially for several weeks before weaning from milk, and thus 
provide a model to examine the effects of maternal separation separately from the 
end of milk feeding (see review by Flower and Weary, 2003). Consistent with 
the results described above for dietary changes when no other stressors are 
imposed, evidence from the dairy calf suggests that early separation from the cow 
causes little distress response so long as calves are well fed. Thomas et al. (2001) 
measured the distress response of dairy calves following separation from the dam 
and found that calves showed little response during the first hours after separation. 
Instead, response peaked almost 18 h after calves were separated indicating that this 
response is due to the calf being hungry. To test this idea some calves were given 
almost double the colostrum normally provided; as expected, these calves showed 
almost no distress response to the separation.

It is important to note, however, that dairy calves are typically separated only 
hours after birth, with the intention of reducing the time available for cow and calf 
to form strong social bonds. If dam and young are really separated before they have 
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been able to establish a social bond, then the response we see at this stage should 
not properly be considered a separation response. Consistent with this interpreta-
tion, a number of studies have shown that the strength of the calf’s response to sep-
aration from the dam increases with the age of the calf (e.g. Lidfors, 1996; Flower 
and Weary, 2001). Age effects can be difficult to interpret, in part because older 
animals may also have more difficulty making the transition to the artificial feeding 
system, but these results indicate that the bond becomes increasingly strong, and 
the effects of breaking this bond become more evident, the longer the calf stays 
with the cow (Flower and Weary, 2001). This is an important issue for organic dairy 
farming where the calf is often kept with the cow for longer than is usual with 
traditional dairy farming.

In some cases, the availability of an alternative social partner may reduce the 
calf’s response to weaning. In dairy calves, the reduction in growth at weaning 
from milk is mitigated if calves are weaned in pairs as compared to individually 
housed calves (Chua et al., 2002). The reasons for this difference are not clear, 
but our experience is that calves respond much less to weaning when group 
housed. More work on dairy calves may be of special interest, as these animals 
are typically housed singly before weaning and at weaning grouped with other 
calves for the first time.

In summary, separation from the cow, cessation of milk feeding, and changes in 
the physical and social environment can all be important stressors at weaning. The 
research results summarized above suggest that calves experience less of a distress 
response at weaning when these stressors are staggered (such as by first stopping 
nursing and later separating cow and calf).

6 Transport

Animals can be transported in a manner that is compatible with good welfare but, 
in many cases, transport is a highly stressful event and represents a major acute 
challenge to an animal’s welfare. The transport of animals is the most frequently 
regulated aspect of animal production, partly because its effects on animal welfare 
are often highly visible. Most developed countries have regulations or codes that 
give relatively precise details about stocking densities, journey length, etc. Despite 
this, the actual amount of research upon the effects of transport on animal welfare 
is actually quite small.

Compared to other species of farm animals, cattle are transported for many rea-
sons. Finished beef cattle, dairy bulls (young and old), culled dairy cows, and veal 
calves are transported to slaughter; weaned beef calves are transported to feedlots; 
unweaned dairy calves to veal operations and specialty heifer growers. Furthermore, 
the types of transport can vary greatly, including the long-distance mustering seen 
in Australia, and road, rail and sea transport. There is now more transport of preg-
nant dairy heifers and lactating cows (Eicher, 2001) as well as day-old calves 
(Moore et al., 2002). Since the purpose of this book is primarily a review of 



research, we will limit ourselves to discussing the findings of research rather than 
listing optimum conditions for transporting cattle. Fortunately, the Scientific 
Committee for Animal Health and Welfare of the European Commission (Scientific 
Committee on Animal Health and Animal Welfare, 2002) have reviewed this topic 
and discussed many of the practical issues. Moreover, the research on transport in 
cattle has been reviewed by, e.g. Hemsworth et al. (1995), Knowles (1999), Tarrant 
and Grandin (2000), Eicher (2001), and Swanson and Morrow-Tesch (2001). The 
Scientific Committee on Animal Health and Animal Welfare (2002) report 
describes animal transport within the European Union (EU), while Swanson and 
Morrow-Tesch (2001) provide a useful historical overview of how animal transport 
in North America has changed over the last century.

6.1 Effects of Transport

Transporting cattle even for short periods (less than an hour) can produce many of the 
physiological changes usually seen following a stressor. These include increases in 
sympathetic nervous system activity (Locatelli et al., 1989) and heart rate (Jacobson 
and Cook, 1996, 1998), suppression of LH secretion (Nanda et al., 1989, 1990), 
changes in acute phase proteins (Arthington et al., 2003) and most  obviously, 
increases in hypothalmo-pituitary-adrenocortical activity (e.g. Warriss et al., 1995; 
Lay et al., 1996; Grigor et al., 2001; Morrow et al., 2002). The rise in cortisol can be 
detected in the faeces of transported cattle (Palme et al., 2000). Transport usually 
involves deprivation of feed and water, which leads to loss of body weight (Tarrant 
et al., 1992; Warriss et al., 1995; Knowles et al., 1997, 1999; Gallo et al., 2003). 
Warriss et al. (1995) found an average weight loss in steers of nearly 5% following a 
5-h journey and 7% following a 15-h journey; the latter required 5 days to recover to 
pre-transport values. Biochemical signs of dehydration and mobilization of body 
reserves for energy include changes in blood osmolality and concentrations of urea, 
free fatty acids, glucose, and packed cell volumes (Tarrant et al., 1992; Warriss et al., 
1995; Jarvis et al., 1996; Knowles et al., 1999). Cattle can remain standing for longer 
than normal (Kent and Ewbank, 1983, 1986; Warriss et al., 1995; Knowles et al., 
1997, 1999), which leads to fatigue: many studies show increased concentrations of 
creatine kinase after transport (Tarrant et al., 1988, 1992; Warriss et al., 1995; 
Knowles et al., 1999), evidence of muscle exertion or injury. During transport rumina-
tion is suppressed at least for 6 h (Kent and Ewbank, 1983). Transport of cattle can 
also lead to reactivation of dormant viral and parasitic infections (Genchi et al., 1986; 
Thiry et al., 1987) as well as increased shedding of salmonella (Barham et al., 2002).

There are a number of studies examining the effects of transport on the immune 
system of cattle; largely provoked by the obvious problems of shipping fever, which 
is one of the most serious consequences of transport on animal welfare (Tarrant and 
Grandin, 2000). Shipping fever has attracted less attention in Europe because cattle 
tend to be transported directly for slaughter (Knowles, 1999). In North America, 
the use of feedlots as an intermediate fattening stage before slaughter highlights the 
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economic, as well as the animal welfare costs of this disease. Studies of the effects 
of transport on the immune system were reviewed by Swanson and Morrow-Tesch 
(2001). The effects can be complex, leading to suppression and enhancement of the 
immune system depending upon the component measured (e.g. Mackenzie et al., 
1997). This reflects the generally complex effects of stress on the immune system 
(Chapter 3). One difficulty is correlating the changes in the immune system with 
subsequent health problems. For example, Grigor et al. (2001) found no direct evi-
dence of immunosuppression in month-old calves following two 9-h journeys, but 
did find increased respiratory disease after the transport.

Transporting animals involves a complex mix of stressors that can affect the 
welfare of the animals in quite different ways. This makes it difficult to determine 
the overall effect of transport on animal welfare, and limits the usefulness of 
attempts to simulate transport. Transport is preceded by collecting animals at the 
farm and loading them onto the truck. At this stage, the animals may be subjected 
to rough handling by people, unusual physical exercise in climbing ramps etc., as 
well as exposure to unfamiliar surroundings and possibly unfamiliar animals. 
During the journey, the animals may be crowded together, deprived of food and 
water for lengthy periods, be unable to lie down, subject to falls and loss of balance 
as the truck brakes and turns, and be subject to temperature extremes with inade-
quate ventilation. On arrival at the destination, the animals are subjected to further 
stresses associated with unloading and relocation. Finally, the stresses associated 
with the journey and the mixing with other animals increase the risks of disease that 
continue to affect welfare long after the transport is finished (Tarrant and Grandin, 
2000; Scientific Committee on Animal Health and Animal Welfare, 2002). These 
different stressors will impact the animal in different ways, and so their effect on 
animal welfare will be apparent in different measures. Often, the effects of single 
components of transport are much easier to assess than the overall effects, but since 
the different components interact it is dangerous to assume that the effect of 
transport as a whole will simply be equal to the sum of its parts.

6.2 Which Aspects of Transport Have Most Effect on Welfare?

Collecting animals prior to transport and loading them onto a truck can be highly 
stressful: where the animals are subsequently transported for short distances in 
good conditions, the loading (and unloading) may be the most stressful part of the 
transport (Scientific Committee on Animal Health and Animal Welfare, 2002). This 
conclusion is supported by studies of the changes in plasma cortisol concentrations 
during transport, that appear to reach maximum values early during the journey, 
often gradually declining as the journey progresses (Kent and Ewbank, 1983, 1986; 
Warriss et al., 1995; Grigor et al., 2001). Loading and unloading also can be 
responsible for increased bruising of animals when they slip, fall, or come into 
contact with solid objects such as the walls of chutes (Blackshaw et al., 1987; Jarvis 
et al., 1995). In extensive beef production in countries such as Australia, cattle may 



be mustered for considerable distances before being loaded on trucks, which can be 
a major source of stress for cattle (Petherick, 2005).

No aspect of transport is more studied than the space allowance provided to animals. 
As well as having implications for animal welfare, stocking density is an important 
economic component of transport, as the fixed costs of the transport (driver, truck, etc.) 
are spread among more animals. Obviously, the minimum space provided can be no 
smaller than that taken up by an animal, and most recommendations on stocking density 
are based on this (Knowles, 1999). Of course, this must be considered as the minimum 
space allowance, since it does not allow the animals to lie down, which can be a prob-
lem for very young calves, or for pregnant or injured animals, or where the journey is 
long. There is some evidence that adult cattle will remain standing during journeys of 
up to 20 hours (Tarrant et al., 1992), although young calves (below 21 days) will tend 
to lie down during even short journeys (Atkinson, 1992). Recommendations for space 
allowance based on body size also do not allow for the effects of crowding on the ability 
of animals to avoid aggressive interactions. Formulas for the calculation of minimum 
space are typically based upon the weights of the animals, as this is often the only 
measure of size available.

There is some concern that increasing the space allowance during transport may 
increase the likelihood that animals will lose balance or fall over when the truck 
brakes or turns. However, research with beef cattle has found the opposite: the 
number of times beef cattle lost balance or fell, and the subsequent degree of bruis-
ing was higher at high stocking densities compared to lower stocking densities. 
Reducing stocking density further had much less of an effect (Tarrant et al., 1992). 
The major problem with the high stocking density appeared to be the fact that the 
steers were less able to adopt their preferred orientation (i.e. perpendicular relative 
to the direction of travel), suggesting that recommended stocking densities for 
transport of cattle need to be rethought. As well as floor area per animals, space 
allowance should consider the volume available for animals in order to ensure ade-
quate ventilation (Scientific Committee on Animal Health and Animal Welfare, 
2002), but this aspect of space allowance has not been studied in cattle.

It would seem logical that longer journeys should pose more of a threat to animal 
welfare than short journeys, and much of the concern with transport hinges on the 
increasing durations of journeys that animals undergo as a result of changes in rearing 
and slaughtering practices, especially the reduction in the number of slaughter plants 
(Knowles, 1999; Swanson and Morrow-Tesch, 2001; Scientific Committee on 
Animal Health and Animal Welfare, 2002; Petherick, 2005) and increased interna-
tional trade in live cattle. In general, the duration of the journey is more important 
than the distance travelled (Knowles, 1999) and longer journeys have more impact on 
animals, as might be expected. Research has found a greater loss of body weight 
for longer journeys in beef steers (Warriss et al., 1995; Gallo et al., 2003; Ribble et al.,
1995). Some of these effects can be overcome by electrolyte therapy (Schaefer 
et al., 1997). Other studies show little effect of journey duration. One study showed 
that the risk of developing pneumonia at the feedlot was independent of the distance 
transported (Ribble et al., 1995). Physiological responses to transport have been 
found to be independent of journey duration for beef steers (Warriss et al., 1995) 
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or for 2- to 4-week-old calves (Knowles et al., 1997). An effect of journey duration 
may be difficult to isolate, since the effects will depend greatly upon how the trans-
port is done (i.e. whether or not food is supplied, whether or not the animals can lay 
down, the speed and care of driving, etc.). Furthermore, there have been relatively 
few studies that have examined the effects of journeys of more than 24 h.

After long journeys, animals may be placed in lairage either before being 
slaughtered or before a subsequent journey. The purpose of the lairage is to allow 
the animals to recover, and food and water are provided. However, the advantages 
of allowing lairage or rest stops will vary depending on the facilities provided. For 
example, mixing bulls with steers and heifers at lairage can increase the amount of 
mounting behaviour that occurs, as well as the subsequent bruising (Jarvis et al., 
1995). In general, studies on lairage for beef cattle prior to slaughter show few 
positive effects for animal welfare (Tadich et al., 2005). Indeed, lairage can be 
counterproductive; Gallo et al. (2003) found that cattle transported for up to 16 h 
showed greater losses of body weight when kept in lairage and that this weight loss 
was greater following 24 h of lairage than for 3, 6, or 12 h. Longer periods in lairage 
were also associated with poorer meat quality. Fighting of unfamiliar beef cattle 
during lairage can also be responsible for considerable bruising (Fordyce et al., 
1985; Blackshaw et al., 1987). These results throw doubt on the value of lairage for 
improving animal welfare and Gallo et al. (2003) suggest that animals should be 
slaughtered as soon as possible after arrival at the slaughterhouse.

It seems likely that the effect of transport on the welfare will vary with the type 
of truck used, the number of stops and turns, the care of the driving, etc. 
(Scientific Committee on Animal Health and Animal Welfare, 2002). Most falls 
and losses of balance by beef cattle occur during breaking, gear changes, and 
turning (Tarrant et al., 1992). Unfortunately, there is little published research on 
these topics for cattle. Some information on truck design and ventilation is provided 
by Tarrant and Grandin (2000).

6.3 Markets

Transported cattle will often pass through markets or auctions before continuing on 
to their final destination. These invariably involve loading and unloading, exposure 
to novel surroundings and often unfamiliar animals, and increased chance of rough 
handling with clear detrimental effects on welfare. In beef cattle, the incidence of 
bruising is higher for cattle that pass through markets rather than for those travel-
ling directly to slaughter (Jarvis et al., 1995) and cattle that pass through markets 
show greater signs of fatigue, dehydration, and food deprivation (Jarvis et al., 
1996). Case studies indicate that passing through a market increases the chance of 
respiratory diseases in veal calves (Palechek et al., 1987). Alternatives to markets, 
such as video auctions (Knowles, 1999) or direct marketing would seem to present 
many advantages for animal welfare.



6.4 Animals Unfit to Travel

Much of the concern has focused on animals not fit for transport, including those 
that are ill or injured, and pregnant, lactating or very young animals (Scientific 
Committee on Animal Health and Animal Welfare, 2002). This is a topic best dealt 
with through action rather than through research: this would include adequate 
inspection of animals before, during and after transport (Scientific Committee on 
Animal Health and Animal Welfare, 2002), and development of better audit systems 
and greater accountability. There appears to have been relatively little research 
directed at this topic, except in the case of young calves.

Many countries impose clear limits on the age at which young calves can be 
transported, but recently there has been an increase in the transport of 1-day-old 
dairy calves in some countries, such as the USA (Grandin, 2002; Moore et al., 
2002). The transport of very young calves raises obvious concerns as the young 
animals are deprived of food and water for lengthy periods at an age when the ani-
mal is particularly vulnerable. Young calves also spend much more of the day lying 
down than adult cattle, and transport can result in them standing for unusually long 
periods (Knowles et al., 1997, 1999). Surveys in the UK have shown that the mor-
tality rates of young calves following transport can be high, and are higher with 
younger calves (Knowles, 1995). Early studies in Europe found that mortality rates 
for young calves varied between 1% and 30% (Knowles, 1995). In the USA 10–20% 
of 1-day-old calves die during or soon after transport (Moore et al., 2002), and 
smaller calves have a greater chance of dying (Moore et al., 2002). We see these 
rates of mortality as unacceptable and strongly recommend new action by the cattle 
industry to address this issue.

7 Slaughter

A chapter on short-term or acute challenges to animal welfare may seem a curious 
place to discuss slaughter, since its consequences are permanent. Moreover, any 
effect of slaughter on animal welfare is indeed brief; death removes the problem. 
However, there is a high degree of concern about how much animals might suffer 
during slaughter, and most jurisdictions have laws and regulations that serve to 
promote “humane slaughter”. This is the case even in the USA and Canada that 
have tended to avoid dealing with animal welfare through legislative mechanisms.

One of the most common questions people have about slaughter is whether the 
animals know they are going to die. There is no evidence that they do. Furthermore, 
the actual act of killing may have far less impact on animal suffering than the 
handling and manipulation that occurs before the killing (Grandin, 2001a, b). 
The general issues associated with the welfare of animals at the time of slaughter 
have been dealt with in a number of excellent reviews (Gregory, 1998; Grandin, 
2000; Grandin, 2001a, b) and the interested reader is urged to consult these for a 

7 Slaughter 139



140 5 Acute or Short-term Challenges to Animal Welfare

more complete picture than we provide. Concerns about animal welfare focus on 
the issues of how the animals are handled prior to slaughter, how they are restrained 
while being slaughtered, and whether or not they are conscious at the time of 
slaughter, with the majority of research focusing on the last of these.

To reduce the suffering during death it is widely accepted that animals should be 
unconscious, so animals are usually stunned before they are slaughtered. The stun-
ning method used should cause as little suffering as possible, and should ensure that 
the animal remains unconscious until death. The captive bolt pistol is the most com-
mon method of stunning cattle. Application of the bolt either to the front of the head 
or just behind the horns leads to a rapid loss of consciousness, judged by EEG 
recordings (Lambooy and Spanyaard, 1981). Even with such extensive brain 
damage, some animals continue to show evoked responses in their EEG (Daly et al.,
1987), although what degree of consciousness this indicates is not certain. Although 
the captive bolt appears an acceptable way of stunning cattle under ideal conditions, 
it can be misapplied in commercial settings (Grandin, 2000, 2001b). One concern 
with captive bolt stunning is that it may lead to contamination of the carcass with 
brain tissue, increasing the risk of transmission of BSE (Schmidt et al., 1999). 
Whole head electrical stunning appears to be an acceptable alternative, leading to
a rapid loss of consciousness (Bager et al., 1992; Wotton et al., 2000). The main 
issue here concerns the placement of the electrodes, and the duration and intensity 
of the current used (Wotton et al., 2000).

One issue that has attracted considerable attention is ritual slaughter, where 
religious practices require that animals be alive at the time of slaughter. This tends 
to prohibit use of captive bolt stunning, since this may itself kill the animal. Electric 
stunning, from which the animal may recover, is acceptable to some religious 
authorities; however, others require that the animal be conscious. Animals become 
unconscious 20–126 sec after throat cutting (Daly et al., 1988), but stunning imme-
diately after throat cutting may help reduce this time (Petty et al., 1994). Regardless, 
as Grandin (2001a, b) points out, the way the animal is handled and restrained prior 
to slaughter will likely have a greater impact on their welfare than whether or not 
they are stunned. For example, restraint devices in which the animal is inverted 
before the throat is cut prolongs the time (by several minutes) required for slaughter 
and the amount of struggling by the animals (Dunn, 1990).

Under the leadership of Grandin, research into animal welfare during slaughter 
has shifted away from examination of different techniques of stunning to a focus on 
auditing the performance of actual slaughter plants operating under commercial 
conditions (Grandin, 2000, 2006). Grandin has focused upon both the extent that 
cattle vocalize and the number of animals that are properly stunned before being 
hoisted onto the bleeding rail (2000, 2001a, b, 2006). Grandin’s (2000) audit of US 
slaughter plants found that in only 81% of the plants were all of the animals 
properly stunned before being hoisted onto the bleeding rail. The failures in the 
other plants were due to a combination of poor equipment maintenance and 
inexperienced operators. However problems were more common with older bulls 
and cows, possibly because of their thicker skulls. In another audit of commercial 
beef slaughter plants in the USA, Canada, and Australia, Grandin (2000) scored the 



number of animals that vocalized during the handling and stunning procedures; at 
the best plants, less than 1% of the cattle vocalized while in the worst over 15% of 
the cattle vocalized. A high incidence of vocalization was associated with excessive 
use of electric prods. In some plants there was no use of electric prods seen and few 
cattle vocalized. In others, over 95% of the cattle were prodded and vocalization 
was common. The most common reason for the use of electric prods was a 
reluctance of the cattle to move into poorly designed races or stunning boxes. 
Improving the design of the equipment resulted in a significant decrease in the 
incidence of vocalizations. Interestingly, the line speed was not a factor influencing 
vocalizations. More recent audits have shown distinct improvements in most 
measures of cattle welfare (Grandin, 2006). These studies show how some simple 
measures can be used under commercial conditions to identify precise problems 
with the operations of the slaughter plants. The incidence of bruising on carcasses 
may also provide a way of assessing handling techniques and pre-slaughter facili-
ties (Jarvis et al., 1995) although these measures are more time consuming to take.

8 Conclusions

The topics covered in this chapter have received considerable attention, both from 
those concerned with animal welfare and from researchers. In part this is because the 
effect on the animal’s welfare is often obvious: few witnessing a calf bellowing 
during branding would doubt that it is suffering from pain. The effect of painful 
procedures on animal welfare has proved relatively easy to determine, perhaps 
because the effects themselves are acute and more easily measured. As this chapter 
discusses, we have relatively good knowledge of the degree of suffering caused by 
these procedures and the effectiveness of the pain mitigation strategies or alternative 
procedures that have been proposed. Animal welfare science has also made much 
progress in providing direction for improving the welfare of animals affected. For 
example, we reviewed research showing that tail docking of dairy cattle can likely be 
abandoned as a practice (it does not provide the anticipated benefits in udder health), 
that the pain due to dehorning can be reduced using a simple procedure that also 
makes the chore easier for producers to perform, and that weaning stress in beef 
calves can be much reduced by allowing calves continued contact with the cow even 
when the calf can no longer suckle. Although this represents important progress, 
these short-term procedures likely have a limited overall effect on animal welfare 
simply because they are short term. In the following chapter we turn to the effect of 
housing on animal welfare, where the effects are of much longer duration.
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Chapter 6
Housing for Adult Cattle

1 Introduction

In this chapter, we look at the effect on animal welfare of the way that cattle are 
housed. Housing conditions affect animals throughout their life. Images of 
modern housing systems, such as veal calves in individual veal crates, have 
figured prominently in public concern about the welfare of farm animals. Many 
modern housing systems involve keeping animals indoors, in a restricted space, 
at high density, and often separated from other animals. In this chapter we con-
centrate on welfare issues that arise primarily from the physical and social (e.g. 
group versus individual housing, stocking density) aspects of the environment. 
Housing factors associated with feeding, such as feeder design, etc. are also 
discussed here. For convenience, we discuss housing for adult cattle (almost 
exclusively dairy cows) in this chapter, and housing for growing animals, 
including veal calves, dairy heifers, and beef cattle raised for meat production, 
in Chapter 7.

1.1 Diversity of Housing Systems

Cattle are housed in a wide range of ways, especially from a global perspective. The 
method of housing varies according to the reproductive state of the animal and 
geographical area, varying from country to country, and from region to region 
within countries (Figure 6.1). Even within a geographical region and for one type 
of animal, farmers still have a wide choice of housing techniques. The choice of 
housing is often made depending on the local climatic conditions, cost of building 
materials and  construction, cost of labour, and availability of local materials. The 
way that the choice of housing affects animal welfare will also depend greatly on 
local factors.
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1.2 Difficulty Comparing Housing Systems

An obvious question to ask is how the type of housing affects animal welfare. Do 
cows that have regular access to pasture fare better than those housed permanently 
indoors? Are cows living in groups better off than those in individual stalls? Do free 
stalls allow a better level of welfare for dairy cows than straw yards? In some cases, 
research has tried to compare housing systems per se. However, comparing housing 
systems that vary in many ways can be frustrating work. Systems often succeed or 
fail because of the details, such as the ways in which they are managed and the 
specific ways in which they are configured, which makes it hazardous to generalize 
from any one farm to the housing system in general. Housing systems differ in 
many respects, e.g. degree of social contact the cows have, indoor versus outdoor 
housing, spatial allowances, etc. and confounding of the various factors makes it 
very hard to determine which differences between housing systems are important. 
It is also difficult to determine if the differences between housing systems are due 
to intrinsic aspects of the housing system, or whether they result from a difference 
in factors that could be changed. For example, are differences between individual 
and group housing due to the presence of other animals (an intrinsic factor) or are 
they due to the different space allowances that tend to occur between group and 
individual housing? These problems are exacerbated by the lack of detail in the 
published research reports regarding the specific properties of the housing system, 
such as floor type and ventilation. All this makes it difficult to be confident that 
conclusions can be generalized to other farms using the same type of housing sys-
tem. Moreover, housing systems can be expensive to install, so comparisons are 
generally unreplicated and one example of one system is compared with one exam-
ple of another. Although such case studies can provide valuable insights, they are 
frequently presented as if they were replicated experiments.

Figure 6.1 From a worldwide perspective, adult dairy cattle are housed in a wide range of ways. 
These cover the small-scale, extensive systems found, for example, in mountainous areas of Europe, 
where the cattle are, effectively, free ranging for part of the year, to the fully confinement systems 
found, for example, in North America, where the animals have little or no access to the outside
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Another research approach is to examine individual housing factors, such as 
floor type, that can vary within a housing system. Because confounding variables 
are generally avoided, both the science and the interpretation of the science are 
more straightforward. For this type of work, the aim is simply to determine how a 
given system can be improved, rather than evaluating the overall system.

2 Types of Housing for Lactating Dairy Cows

In many countries, lactating cows are kept at pasture, which may be permanent 
(typical in Australia and New Zealand), or seasonal (as in the cooler parts of North 
America and Europe). In the USA in particular, lactating dairy cows may also be 
kept in large outdoor enclosures with either a dirt or concrete surface (dry-lots), but 
with no access to pasture (Figure 6.2). Indoor housing, which may be seasonal or 
permanent (as in some zero-grazing systems), varies from loose housing in large 
bedded packs (Figure 6.3), to tie stalls (Figure 6.4), or free stalls (Figure 6.5). In tie 
stalls (also called stanchions), cows are restrained in a space that provides a lying 
and standing surface, as well as individual access to food and water. The cows are 
typically milked in the stall. In loose housing, cows have free access to an area for 
lying, which may consist either of stalls (also called cubicles) or a deep-bedded 
pack (commonly straw yards). The cows generally have free access to other areas 

Figure 6.2 Many people imagine that cows spend most of their time at pasture. This is true for 
many countries, such as Australia and New Zealand. However, increasingly cows in North 
America and in some European countries have limited or even no access to pasture. Even when 
cows are allowed outside, they may be restricted to a dry-lot (right), which often has a mud or dirt 
floor. The reduction in cows’ access to pasture has raised concern about their welfare, and in some 
European countries, legislation now requires that cows do have access to pasture. Research has 
shown that in general, cows with access to pasture are in better health than those that remain 
indoors. However, the difference between indoor housing and outdoor housing depends upon 
many factors, such as the quality of the ventilation, type of bedding used, etc. In addition, cows at 
pasture are not free of welfare problems. They can suffer from inclement weather, increased para-
site load, and inadequate food, if stocking rates are too high



Figure 6.3 In one simple type of housing system, the cows are kept loose in a bedded area, which 
often has straw or wood shavings. Such systems allow the cows considerable freedom of move-
ment and provide a comfortable surface for the cows to rest and walk on. However, much labour 
is needed to keep such systems clean and research has tended to find a higher incidence of masti-
tis in cows kept this way

for eating and drinking, and are usually milked in a central milking parlour. In gen-
eral, tie stalls and free stalls are most common, but the relative use of different types
of housing systems varies greatly from one region to another. In the USA, 31% of 
lactating cows are kept in free stalls and 53% in tie stalls (USDA, 2002). In north-
west Germany, 57% of cows are in free stalls and 43% in tie stalls (Buenger et al., 
2001). Automated milking systems, in which cows are milked by a robot, are 
becomingly increasingly common, especially in Europe. Although cows in auto-
mated milking systems are generally housed in free-stall systems, the management 
requirements of these systems can have quite different effects on the welfare of the 
animals (see Section 4 of this chapter).

An obvious first question concerns how well these different housing systems 
compare in terms of the effect on animal welfare. Tie stalls offer an animal a guar-
anteed place to lie down, ready access (with minimal competition) to feeding space 
and drinkers and the possibility of being fed a diet tailored to its individual needs. 
However, tie-stall housing limits how much the animal can move. If cows are also 
milked in the stall they may be tethered for months on end. In addition, there is a 
lack of opportunity for close physical contact between animals, combined with an 
inability to escape completely from aggressive neighbours. When tied in the stall, 
the animal cannot turn around and may not be able to groom all parts of its body. 
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Figure 6.4 In tie-stall housing, each cow is kept tethered in its own stall, where it both rests and 
eats. This type of housing may be used only during the winter months, or all year-round. Cows are 
generally milked in their stalls. Cows in tie stalls do not have to compete over feed and can be fed 
an individual diet. However, the lack of opportunity for movement raises concern about animal 
welfare. In addition, badly designed stalls, for example, those that are too small, may interfere 
with resting behaviour



Figure 6.5 Free-stall or cubicle housing is probably the most widespread type of housing for 
lactating cows housed indoors in northern European and North American countries. The cows are 
provided with stalls in which to lie and separate feeding areas, between which they can move freely. 
Although free stalls might appear superior to tie stalls since they allow the cows to have greater 
freedom of movement, they appear to lead to an increased incidence of lameness. In contrast, free-
stall housing is associated with a lower incidence of mastitis than straw-pack system. However, 
free-stall housing comes in a variety of styles and the effect of free stalls upon the welfare of the 
cows will depend upon many details of the system, such as the size and number of resting stalls, 
the types of bedding used, the feeding system, etc.
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Loose housing with a bedded area overcomes the problem of mobility and allows 
physical contact between animals, but the animals are still housed in a restricted 
space and may not be able to escape completely from an aggressive dominant cow. 
Individual feeding is rarely possible so animals may need to compete for limited 
feed space, and they are required to eat a diet tailored to the average cow rather than 
to the individual. Cleaning of such systems can be difficult and the animals risk 
being dirty. Providing individual stalls in a free-stall system makes cleaning easier 
and the animals are generally cleaner. The stalls also provide a means for the ani-
mals to escape from aggression but there may only be a limited number of places 
to lie down creating another source of competition.

A number of studies have tried to directly compare the welfare of lactating cows 
in these different systems with a special focus on the frequency of health problems. 
A fairly consistent finding is that lameness and hoof problems are most prevalent in 
free-stall housing, although a great range in prevalence can be found within this sys-
tem (Espejo and Endres, 2007). A higher occurrence of hoof problems has been 
found in free stalls than in straw yards in studies from the UK (Livesey et al., 1998; 
Whitaker et al., 2000; Webster, 2002; Haskell et al., 2006) and the Netherlands 
(Somers et al., 2003) and a higher occurrence of hoof problems in free stalls com-
pared to tie stalls has been found in Sweden (Bergsten and Herlin, 1996) and the USA 
(Wells et al., 1999). The disadvantages of free stalls for hoof health appear to be most 
apparent around the time of calving: housing cows in bedded packs for the first 8 
weeks of lactation greatly reduces the incidence of hoof lesions (Webster, 2002).

In contrast, udder health is generally worse in bedded pack systems than in free 
stalls (Faye et al., 1997; Peeler et al., 2000; Whitaker et al., 2000; Fregonesi and 
Leaver, 2001), although allowing the bedded pack to compost may reduce this 
effect (Barberg et al., 2007). There are fewer comparisons of the prevalence of 
mastitis in tie stalls: a survey of Norwegian dairy farms found a higher incidence 
of mastitis in tie stalls than in free stalls (Valde et al., 1997) and Swedish farmers 
who switched from tie stalls to free stalls experienced a reduction in the rate of 
clinical mastitis (Hultgren, 2002). Because of the differing effects on hoof health and 
udder health it is difficult to say which type of system is better for animal health.

Simply finding differences between housing systems in the incidence of health 
problems does not really tell us very much. First, we do not know what the main 
causal factors are contributing to health problems. For example, free stalls and tie 
stalls differ in how much exercise cows get, and the degree of social contact. Barns 
with free stalls often differ in design from barns with tie stalls, and the size of the 
stalls usually differs. Cows in free stalls usually stand on concrete floors, which 
exert more physical stress on the hooves than does straw or pasture, but the cows 
may also be spending more time standing on wet flooring, and competition over 
stalls may reduce lying time. Without more detailed studies, we do not know which 
of these factors is most important. Furthermore, how well cows do within any one 
type of system will depend greatly upon the details of that particular system, such 
as what size stalls were used, what type of flooring was present, and how the system 
was managed. For example, Fregonesi and Leaver (2002) suggested that problems 
of udder health in bedded packs were due primarily to problems of hygiene, which 



could be better controlled by improving bedding management. Some studies have 
examined behavioural differences when cows are kept in free stalls, tie stalls, or on 
bedded packs, but the problems mentioned above do not allow us to draw firm con-
clusions about the relative level of welfare using these measures. Since the behav-
iour of the cows will depend very much on the details of the systems, it is difficult 
to make generalizations about the behaviour in different systems. This is apparent 
in the contradictory results that are obtained. For example, Krohn and Munksgaard 
(1993) and Munksgaard and Simonsen (1995) reported that cows in tie stalls with 
some bedding or rubber mats spent longer lying down than cows either in a pen 
with concrete slatted floors or in bedded packs with access to pasture. In contrast, 
Haley et al. (2000) compared cows kept in large well-bedded packs versus narrow 
tie stalls with concrete surfaces, and found that cows spent approximately four 
more hours per day lying down when kept on the large well-bedded pens. The dif-
ference between the studies is likely due to the presence or absence of bedding in 
the tie stall: thus the cows’ behaviour was more affected by the type of lying surface 
than by the type of housing system per se.

For these reasons we suggest that direct comparisons between different types of 
housing systems are generally not very informative. This is particularly true for 
behavioural measures, which we suggest are more likely related to the specific design 
features of the housing system, but is also true for health problems. Clearer assess-
ments of the effects of housing on animal welfare come when we consider specific 
design features of the environment, such as flooring type, stall, and feeder design.

3 Access to Pasture

Most people imagine that cattle spend their days grazing on pasture. While this is 
an accurate depiction of cattle in many parts of the world, in Europe and North 
America particularly, dairy cows are increasingly housed indoors or on outdoor 
dry-lots with little or no access to pasture (zero-grazing). A survey of dairy farms 
in the USA found that less than 25% of lactating dairy cows had access to pasture 
(USDA, 2002). Zero-grazing management is also increasingly practised in some 
developing countries (e.g. Gitau et al., 1996), likely because higher milk production 
(though not necessarily more profitable production) can be achieved with control-
led, grain feeding (Washburn et al., 2002). To some, this lack of access to pasture 
is seen as a threat to the well-being of dairy cows. Some countries have passed leg-
islation making it mandatory to provide dairy cows with some access to pasture. 
However, what evidence is there that the welfare of cattle suffers if they cannot 
access pasture?

We must say at the outset that this is not an easy question to answer. As we discuss 
later, a number of studies report a higher incidence of welfare problems for lactating 
cows in zero-grazing systems, but what can we conclude from this? First, farms vary 
greatly in how much access to grazing the cows have. In some systems, cows are kept 
at pasture all of the time. In others they have access at certain times, for example, 
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during the summer or during the day. In true zero-grazing systems, cows have no 
access to pasture. Thus, we need to know whether the effects on animal welfare are 
due to the complete absence of access to pasture or the occasional use of indoor hous-
ing. Furthermore, zero-grazing systems differ from pasture-based systems in many 
respects. For example, air quality may be different, as will the types of surface on 
which the cows walk and lie down, the stocking rates used, and even light to dark 
cycles. Cows on pasture tend to produce less milk and eat a different diet than cows 
without access to pasture (White et al., 2002). It is difficult to determine which of 
these factors may be responsible for any difference in welfare found. Furthermore, 
there is always the possibility that some modification of indoor housing systems (e.g. 
using a different type of ventilation or flooring) would raise the welfare of cows in 
zero-grazing systems to a similar or higher level than found at pasture. For these rea-
sons, any results concerning the effect of grazing on the welfare of cattle must be 
interpreted with care and we must not assume that providing cows with access to 
pasture will automatically improve their welfare, or that a high level of animal welfare 
cannot be achieved in zero-grazing systems. Table 6.1 lists some of the potential 
threats to animal welfare from indoor and outdoor housing systems.

A number of epidemiological or experimental studies in different countries have 
found that lactating cows without access to pasture suffer from a higher incidence 
of a variety of maladies including mastitis (Waage et al., 1998; Barkema et al., 
1999a, b; Washburn et al., 2002; White et al., 2002), metritis (Bruun et al., 2002), 
Salmonella enterica infections (Veling et al., 2002), dystocia, ketosis, and retained 
placenta (Bendixen et al., 1986). Thus, zero-grazing can be considered as a risk 
factor for all of these maladies. The effect can be quite large: in one experimental 
comparison, Washburn et al. (2002) reported that cows without access to pasture 
had 1.8 times as many clinical cases of mastitis and were eight times more likely to 
be culled for mastitis as cows at pasture. The studies do not allow us to identify the 
actual cause of the difference but providing cows with access to an exercise area or 
dry-lot does not seem sufficient (Bruun et al., 2002; Washburn et al., 2002).

Table 6.1 Some of the main potential threats to animal welfare from outdoor and indoor housing 
systems for lactating dairy cows. Although some access to pasture has generally been found to 
improve the welfare of cows, outdoor housing has some specific risks. Since the welfare of ani-
mals in any type of housing system will depend upon the details of the system and upon manage-
ment, it is difficult to make generalizations about which type of housing system is better for 
animal welfare

Outdoor housing Indoor housing

Inclement weather Insufficient space
Parasites Uncomfortable flooring
Poor walking tracks Poor drainage
Long distances to walk Uncomfortable stalls or lying areas
Poor-quality pasture Poor ventilation
Lack of human supervision Heat stress
Predation Increased disease transmission



The most commonly reported welfare problem associated with restricted grazing 
is lameness (see Chapter 2). A large epidemiological survey of 4,516 dairy farms 
in the USA, found that a lack of access to pasture in winter was a significant risk 
factor for a high incidence of digital dermatitis, and that providing access to a dry-
lot was not sufficient to overcome this risk. Nearly four times as many farms on 
which cows had no access to pasture had a high (> 5%) incidence of dermatitis than 
farms on which cows were kept only on pasture (Wells et al., 1999). A smaller 
study in Chile (Rodriguez-Lainz et al., 1999) found supporting results: cattle 
housed permanently at pasture had a lower risk of digital dermatitis than cows housed
in buildings for some of the year. This suggests that occasional or seasonal  exposure 
to confinement housing may be as much of a risk factor as the complete absence of 
grazing (see Phillips, 1990). In countries as large as the USA and Chile, the type of 
housing used varies greatly depending on the region, and climatic differences could 
conceivably account for some of the effects of housing. However, similar effects of 
a lack of grazing have been noted in smaller countries, which do not have such cli-
matic variation. An epidemiological survey of 86 dairy farms in the Netherlands 
(Somers et al., 2003) reported that all types of hoof disorders were more prevalent 
in cows in zero-grazing systems than among cows with some access to pasture. 
Again, the difference was substantial: the prevalence of severe cases of sole haem-
orrhage was twice as high with zero-grazing compared to other housing systems. 
Even where cows had some seasonal access to pasture, hoof disorders (but not dig-
ital dermatitis) were more prevalent during the period of indoor housing compared 
to the end of the period of summer access to pasture. In Kenya, where some dairy 
farmers use zero-grazing, the prevalence of lameness is lower where cows have 
some access to pasture (Gitau et al., 1996). Recent work indicates that even a short 
period of access to pasture can reduce lameness. When a matched sample of cows 
were either kept in a free-stall barn or moved out onto pasture, cows on pasture 
showed a dramatic improvement in gait over just 4 weeks of exposure (Figure 6.6; 
Hernandez-Mendo et al., 2007). However, some studies report an increased risk of 
digital dermatitis when cows do have access to pasture (Holzhauer et al., 2006), 
emphasising the difficulties of comparing housing systems per se.

Although, these studies indicate that lameness and hoof problems are less com-
mon for cattle with some access to pasture, they do not allow us to isolate the cause 
of this difference. Cows in indoor housing are more likely to be standing in manure 
and concrete, and eating more grain than cows at pasture, all of which increase the 
likelihood of lameness (see Chapter 2). One important goal for future research is to 
determine if indoor housing systems can be improved so as to obtain a similar level 
of lameness.

However, we should not assume from these findings that cattle at pasture are free 
of welfare problems. Cattle at pasture can be exposed to inclement weather, 
increased parasite load, inadequate energy intake, and high competition for feed if 
stocking rates are too high. Even at pasture, cattle can compete for food (e.g. 
Phillips and Rind, 2001) so that the degree of social competition can be one factor 
that influences the relative advantage of indoor versus outdoor housing. In general 
there is little information available on the welfare problems associated with outdoor 
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rearing of cattle, and key issues are well summarized in two reviews on this topic 
(Hemsworth et al., 1995; Petherick, 2005). The effects of heat stress can be espe-
cially important for cows kept outside, especially when shade is not available. Much 
less is known about the effects of cold, although one study (Tucker et al., 2007) 
compared behaviour and cortisol responses in cows kept indoors or outdoors under 
wet and windy conditions in New Zealand during the winter. Cows kept outdoors 
spent less time lying down (likely because of the wet lying surface) and experienced 
higher cortisol levels. Moreover, the negative effects of the wet, windy conditions 
were most evident for cows that were low in body condition (i.e. relatively thin), 
indicating that poor food availability, typical of winter pasture, may aggravate the 
welfare effects of harsh climatic conditions. Clearly, environmental conditions such 
as extreme cold and hot weather, wind, and rain will play a significant role in the 
welfare of animals and new research is urgently required in this area.

4 Robotic Milking Systems

Over the past few years there has been growth in developed countries in the adop-
tion of automated milking systems in which cows were milked using a robot 
(Figure 6.7). The adoption of this technology is driven by high labour costs and the 
desire for improved working conditions (fewer working hours), as well as the 
increased milk production that can result from more frequent milking. With the ris-
ing public distrust of farming practices that resemble “industrial” agriculture, pub-
lic acceptance of robotic milking systems will depend partly on the impact of this 
technology on the welfare of the cattle. In robotic milking systems, milking is often 
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Figure 6.6 A matched sample of dairy cows, previously all housed in a free-stall barn, were 
randomly allocated in groups (n = 9 per treatment) to either continued housing in free stalls or 
continued housing on pasture. Changes in gait were assessed using numerical rating score (NRS 
± SE) for 4 weeks after treatment was imposed, and showed a significant reduction in lameness 
(i.e. lower NRS) by the end of this period (from Hernandez-Mendo et al., 2007.)



described as “voluntary”, perhaps providing an advantage for the animal. In reality, 
social factors present in a herd of animals (especially social dominance) can greatly 
influence when and how often cows can attend the robot milker. While many of the 
factors already discussed that affect animal welfare in ordinary free-stall housing 
will also be important in robotic milking systems, there are a number of welfare 
concerns that are specific for this type of technology.

One issue concerns the actual process of being milked. Is it more aversive for 
the cow to be milked by a machine rather than by a person? In one of the few stud-
ies of the physiological and behavioural responses of cattle to robotic milking, 
Hopster et al. (2002) compared primiparous cattle being milked in a robotic milk-
ing system with those being milked in a conventional milking parlour and found no 
evidence of a difference in the stress response. Cows milked by the robot tended to 
have lower blood concentrations of epinephrine and norepinephrine, suggesting 
lower sympathetic nervous system activation and lower heart rates. Although blood 
cortisol concentrations were slightly higher in cows milked by the robot, the values 
were within normal range and were well below those usually seen following acute 
stress. Cortisol concentrations rise normally during milking, and in this study cor-
tisol concentrations were correlated with milking times, suggesting that the higher 
values in the robotic milking systems may have reflected the changed pattern of 
milking. There were no obvious behavioural signs of agitation during milking, and 
residual milk, often a sign of stress induced failure of milk ejection (see Chapter 3) 
did not differ between the two types of milking. Other studies have confirmed the 

Figure 6.7 Automated milking systems are becoming increasingly popular in a number of coun-
tries, especially in northern Europe. In these systems, the milking machine is attached to the udder 
of the cow by a robot (left). The cows enter the automated milking system on their own in order to 
obtain a food reward. There is no evidence that such systems pose a threat to the welfare of the cows; 
in fact there may be a number of potential advantages, but this depends on how they are managed. 
Although these systems are sometimes called “voluntary”, cows will often need to wait (right) to get 
in if the group size is too large. Perhaps the biggest concern, however, is the greater difficulty in 
detecting illness among the cows due to the reduced contact between people and cows that normally 
would occur during milking. This has led to an interest in automated health monitoring
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lack of evidence that HPA axis activity is higher in robotic milking systems (Gygax 
et al., 2006). In general, there is little evidence of disturbed milk ejection or sup-
pression of oxytocin release during milking in robotic milking systems.

One obvious consequence of robotic milking systems is that the opportunities 
for contact between people and cows that occur at milking are no longer there. This 
could affect animal welfare both by reducing the opportunities to check the health 
of the animals and by altering the relationship between the animals and the stock-
person. There is little doubt that in robotic milking systems there is less opportunity 
for the stockperson to check the health of the animals. This is most apparent for 
diseases of the mammary gland, such as mastitis, but also for other maladies, such 
as lameness, since the twice daily moving of the animals to the milking parlour did, 
in theory at least, allow the stockperson to watch how the animals were walking. 
The reduced opportunity to check the health of cattle is probably one of the biggest 
concerns about robotic milking systems in terms of animal welfare, and has gener-
ated considerable interest in finding automated ways of monitoring animal health 
(e.g. de Mol and Woldt, 2001; Neveux et al., 2006; Pastel and Kujala, 2007). A sec-
ond concern is the effect of the reduced contact between people and the cows on 
the human–animal relationship (see Chapter 9). One suggestion is that the cows 
may become more fearful of people (and hence more difficult to handle) since the 
twice-daily opportunities for contact between people and cows at milking are no 
longer there. Unfortunately, no studies have addressed this issue.

5 Stall Design

In this and the following sections we turn from a comparison of complete housing 
systems to examine the effects of specific features of the system that may influence 
animal welfare. Most of the research to date has focused upon improving free-stall 
systems and has focused upon the design of the stalls, and, to a lesser extent, the 
surfaces on which the cows walk and stand.

In free-stall and tie-stall systems, the level of animal welfare will depend upon 
the design of the stalls provided to the animals. The design features that make a 
good stall will vary somewhat between free stalls (where the stall is primarily a 
place to lie down) and tie stalls (where the stall is also the place where the cow must 
stand, eat, drink, and often be milked). Most research has focused upon the surface 
of the stall, whether bedding is used, and the dimensions of the stall. We deal with 
each of these in turn. First, however, we discuss some of the research techniques 
that have been used, and some of the pitfalls associated with each.

5.1 Measures of Cow Comfort

To assess the effects of barn design and management on cow comfort, researchers 
have generally used measures of both health and behaviour. Health measures have 



included measures of injuries, lameness, and udder health (which is particularly 
important for assessing the effect of bedding). Behavioural measures have included 
preference tests, in which animals can choose between two or more options, as well 
as observations of animals, when they are housed with only one option. Although 
the general issues regarding the use of indicators of animal welfare have already 
been discussed (Chapters 2 and 4), there are a number of issues that are specifically 
related to the assessment of stall design that we address later.

5.1.1 Health Measures

The health measures that are most relevant to stalls are those relating to the udder 
and lameness. The incidence of mastitis, particularly the environmental forms of 
infection, gives some information as to the degree of contact between cows and 
bacteria on the surface of the lying area. The incidence of contagious forms of 
mastitis is more likely affected by other factors such as sanitation of the parlour 
equipment and milking routine.

The incidence of lameness can provide some information about the adequacy of 
stall design, and several studies have shown a link between the design of the stalls 
and the incidence of hoof problems or lameness (Leonard et al., 1994; Faull et al., 
1996; Haskell et al., 2006; Espejo and Endres, 2007). However, the relationship 
between lameness and the design of stalls is complex, and there are difficulties in 
using lameness or hoof health to assess stall design per se. In free stalls, the link 
between stall design and lameness occurs most probably because uncomfortable 
stalls will result in the cow spending more time standing, but the effect will depend 
also on the nature of the surface that cows use for standing (see Section 7 of this 
chapter). In tie stalls, this relationship is more complex, and likely results from a 
combination of the degree of wetness of the floor and changes in the time that the 
animals spend lying down. Since both udder health and hoof health can be strongly 
affected by factors other than the design of the stalls, their incidence does not allow 
us to pinpoint the precise nature of the problem.

Poorly designed stalls are likely to increase the risks of other injury to cows; for 
example, inadequate flooring can increase injuries to the knees and hocks (Figure 
2.4), and stalls that are too small can increase the chance that cows will hit the bars 
of the stalls when rising or lying down. As described later, these types of injuries are
more closely related to stall design than to other aspects of the housing and so 
are more useful than measures of mastitis or lameness for assessing the adequacy 
of the stall design. However, to make good use of injuries as a measure of cow 
comfort, we need to be aware of potential shortcomings with both how injuries are 
assessed and the interpretation of these data.

Injuries to the leg have been evaluated using qualitative methods of assessment 
(e.g. Weary and Taszkun, 2000) or quantitative measurements such as surface area 
of hair loss (Mowbray et al., 2003). The quantitative measurements have the advan-
tage of being more repeatable, and more amenable to parametric statistical analy-
ses, but taking these measures can be much more time consuming. The choice of 
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the method of assessment should ultimately depend on how well it reflects the way 
that the injury actually affects the animal, either in terms of the pain experienced, 
or in predisposing the animal to other injuries, infections, or physical impairments 
such as abnormal gait (see Chapter 4). Unfortunately, for these leg injuries, and for 
many other types of injuries such as hoof lesions, little or no research is yet availa-
ble to establish these links.

5.1.2 Preference Tests

An obvious first question to ask in creating better housing for cattle is what option 
do the cows themselves prefer? The advantages and disadvantages of preference 
tests have been discussed in Chapter 4, but there are some issues that are specifically 
related to cattle housing that we discuss here. Cows’ preferences are of more impor-
tance in free-stall housing than in tie stalls since in the former the cows choose 
whether to lie or stand in a stall or elsewhere. One problem with free stalls is that 
cows sometimes choose to lie down in one of the alleyways instead of the stall, likely 
increasing the risk of mastitis (Kjoestad and Simensen, 2001). Hence, stalls that are 
designed to fit cows’ choices are more likely to lead to appropriate use of the stalls 
by the cows. In tie stalls, cows have no choice about where they lie down, and so the 
value of choice tests comes primarily from whether or not they are able to make 
predictions about other effects of the stall on cow welfare.

Preference tests can be especially useful as a first phase in identifying features of 
housing systems that are important to the animals and can be a powerful source of 
insight into how cattle perceive aspects of their environment and how they rank the 
various options provided. However, designing and executing tests that avoid the pit-
falls described in Chapter 4 requires thought and effort. The cost of building housing 
for lactating cows means that researchers normally use facilities that are already avail-
able. For example, Herlin (1997) compared cow preferences for three types of stall 
flooring by offering a group of 18 cows six stalls of each type. However, in an experi-
ment like this there are two problems. Most obviously, the extent of preference may 
be underestimated as not all animals can chose the same option. Second, preferences 
of individual animals may not be independent (some cows may chose to associate 
with or avoid certain animals). Providing sufficient stalls to ensure that each cow in 
the group can have a free choice is an advantage, but this does not overcome the 
problem of social influences. One way to avoid these problems is to house cows indi-
vidually, so that the animal’s choices are independent of the choices of other cows and 
all cows have equal access to all options (e.g. Tucker et al., 2003; Figure 6.8).

5.1.3 Observations of Behaviour

An alternative means to assess stall design is to study the behaviour of the cows 
when they have access to only one type of stall. Since the primary purpose of free 



stalls is to provide a place for cows to lie down, observations have typically focused 
upon the resting behaviour of the cows.

Fine-grained studies consisting of detailed measures of behaviour, such as the 
specific movements associated with lying down or standing up can provide useful 
information about the adequacy of the stalls. Cattle get up and lie down in a quite 
stereotyped pattern of movements. Several reviews have described these basic 
behaviours (e.g. Lidfors, 1989; Anderson and Zurbrigg, 2003), and provide insights 
into how to measure the adequacy of stall design. Prior to lying down, cows appear 
to “inspect” the floor, which is apparent when the animal lowers its head and moves 
its head back and forth in a swinging motion. A reluctance to lie down may be 
apparent in an increase in the duration of this inspection phase (Müller et al., 1989). 
The actual process of lying down occurs in a series of three movements: cows begin 
by bending the front legs, then fall onto the front knees, and finally let their abdo-
men and hindquarters fall backwards (see Lidfors, 1989). A reluctance to lie down 
can be apparent in an incomplete sequence of behaviours, for example, the animal 
may place its weight on one knee, but instead of continuing the process, may then 
immediately rise again (Müller et al., 1989). Standing up begins with a lunge for-
ward and upward with the head during which the animal rises onto its knees and 
breastbone. The animal then extends its head and neck upward while rising onto 
its hind legs, and then completes the movement by extending first one foreleg, 
and then the other. During this sequence the cow uses her front knees as a fulcrum, 
taking the weight off her hindquarters while she rises (Lidfors, 1989). The fact that 
during both getting up and lying down, the front knees bear a considerable portion 
of the cows’ weight means that hard stall flooring is likely to increase the risk of 

Figure 6.8 Tests of cows’ preferences for certain stalls work best if each cow’s choices are inde-
pendent of those of other cows. Each cow must be able to choose whichever option it wishes. 
Tucker et al. (2003) tested cows’ preferences for two stall lengths (S = short; W = wide,) and two 
stall widths (N = narrow; L = long). The design of the experiment ensured that cows’ choices were 
independent. Cows were housed individually so that each cow was free to choose whichever stall 
it preferred and the choice of each cow would not be affected by the choice of other cows. The 
results showed that cows’ preferences were affected more by the width than by the length or the 
total area of the stall
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injury to the front knees. Given the large weight of an adult cow, it is reasonable to 
suppose that the movements used when getting up and lying down have evolved as 
the most ergonomic methods of lifting the cow’s weight so as to minimize the risk 
of injury to muscle and tendons. If this is the case, then aspects of stall design that 
inhibit or prevent a cow from getting up and lying down in the normal way are 
likely to increase the risk of injury.

One method of establishing appropriate stall dimensions is to examine the 
amount of space that cows take up when lying down or standing up. Ceballos et 
al. (2004) has used kinematic software and video recorded movements to accu-
rately calculate displacements and velocities in three dimensions while cows lie 
down. These kinematic techniques are derived from the field of biomechanics that 
applies mechanical laws to the quantification of animal movement and forces. 
Ceballos and colleagues found that the movement envelope of cows was similar 
when lying down in an open pen versus a large free stall, but more work is needed 
to determine the effects of common stall and pen design on these lying and stand-
ing movements.

An alternative approach to assessing stall design is to observe animals when they 
are resting: such measures can include data on the actual amount of time the animal 
spends lying down. A reduced time spent lying because of inadequate stall design 
has been found to be associated with an increased incidence of hoof problems 
(Leonard et al., 1994; Faull et al., 1996). To determine which measures of usage are 
most appropriate in assessing cow comfort, it is important to develop an under-
standing of how a cow behaves when she is comfortable. Haley et al. (2000) used 
a simple comparison between a housing system considered “high comfort” (a large 
pen or box stall with mattresses) and one considered “low comfort” (a tie stall with 
concrete flooring). They measured many behaviours including lying, standing, and 
eating times, the number of times the cows stood up, and various leg and head posi-
tions during lying. Lying times were four hours longer and cows stood up and 
changed positions more often in the  high-comfort housing. Cows also spent more 
time standing without eating in the low-comfort stalls. This study provides some 
insight into behavioural measures likely to change if a cow is uncomfortable, 
namely, time spent lying and standing, and the number of times she changes posi-
tion between lying and standing.

5.1.4 Adequate Sampling for Behavioural Observations

Given that the frequency and duration of lying and standing are useful indicators of 
comfort, what is the best way of actually measuring these? The gold standard is to 
observe animals continuously for several 24-h periods, but this is labour intensive. In 
some cases less intensive observational methods can be used, but the accuracy of these 
methods will depend upon the nature of the behaviour. Characteristics of a behaviour 
that are likely to affect such accuracy include the amount time cattle spend performing 
the behaviour, the number of times they perform the behaviour, and the consistency 
of the behaviour over time, both within a 24-h period and across longer periods.



Intensive 24-h sampling using time-lapse video is difficult for many applied 
researchers studying commercial dairy farms, and some authors have suggested 
using much more convenient live sampling over limited time periods. For exam-
ple, Cook et al. (2005) describe a number of indices that might be used during a 
one-time walk through of the barn: proportion of cows lying (number of cows 
lying in stalls/total number of cows in the group); “stall use index” (number of 
cows lying in stalls/total number of cows in the group not eating); and the “cow 
comfort index” (number of cows lying in stalls/total number of cows either lying 
or standing fully or partially in the stall). The question is whether these measures 
or related indices provide an accurate estimate of the behaviour of interest? The 
study by Cook et al. (2005) showed that none of these indices were able to accu-
rately predict 24-h lying times as measured continuously from video, and were 
much affected by the time of day they were collected. These results indicate that 
the sampling frequency may be inadequate to reflect 24-h usage; namely, the time 
that the sample is taken may poorly reflect usage at other times. In addition, the 
location that the sample is taken may poorly reflect usage at other places in the barn.

Even when data are collected in the most complete and rigorous manner, cor-
rectly interpreting changes in the behaviour can be a challenge. For example, the 
time an animal spends engaged in one behaviour, such as lying down, will depend 
on the alternatives available to the cow and the other demands upon her time. For 
example, it is well known that high-producing animals have high metabolic require-
ments, and spend more time eating than low-producing cattle. This time spent eat-
ing seems to be at least partly at the expense of lying time, as higher-producing 
cattle also spend less time lying down (Fregonesi and Leaver, 2001). The effect of 
alternatives available to cows can also be important. For example, providing rubber 
flooring elsewhere in the pen increases the time that cows spend standing on this 
surface, and reduces the time they spend lying down in the free stall (Fregonesi 
et al., 2004; Tucker et al., 2006; Flower et al., 2007; Figure 6.9).

In both the case of the high-producing cow and the animal with access to rubber 
flooring, simplistically equating lower lying times with reduced comfort would not 
be advisable. Well-designed experiments and within-cow comparisons of treatment 
differences can help avoid such problems, but interpreting differences among farms 
is difficult.

The use of multifactorial indices can also be especially problematic. For exam-
ple, the “cow comfort index” is the ratio of cows lying in stalls to cows lying and 
standing in stalls. Thus this measure may be affected by differences in barn and 
stall design that affect how much time cows spend lying down, and how much time 
that they spend standing either fully or partially in the stall. Cows require comfort-
able areas to lie down and to stand, but changes in stall design can affect these two 
behaviours differently. As reviewed later, changing stall surface and bedding depth 
can have strong effects on lying times, with little effect on standing, but changes in 
neck rail positioning affect standing with little effect on lying behaviour. Thus both 
aspects of design can affect the cow, but will have very different effects on indices 
based on the ratio of lying to standing. The take home message is that such meas-
ures must be treated with scepticism.
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Lying, standing, and other behaviours can be assessed using three types of 
direct measure. The number of bouts over a period of interest (e.g. lying events/
day), the average duration of these bouts (e.g. mean duration of lying bouts), and 
the combination of these measures (e.g. total lying time/day). Until now we have 
concentrated on this last measure, because sampling problems are reduced when 
estimating behaviours of long duration (like total lying time), compared to rela-
tively infrequent events (like number of lying events). However, differences in 
total daily duration can be due to changes in either the number of bouts or the 
duration of these bouts, and these may be affected differently by design features. 
In some cases, differences in total lying time are closely associated with differ-
ences in the number of lying events but not the average duration of bouts, as in 
Tucker et al.’s (2003) comparison of mattresses with deeply bedded sawdust or 
sand surfaces. In other cases stall features can reduce the frequency of lying 
bouts but increase their average duration, as in Haley et al.’s (2001) study of 
cows in tie stalls with either concrete or mattress surfaces. Cows seemed less 
willing to lie down when kept on concrete, and stayed lying for longer periods, 
perhaps because of the discomfort associated with lying down and standing up 
on this surface compared with mattresses. Indeed, Rushen et al. (2007a) showed 
that cows with swollen front knees, an injury associated with the impact of lying 
down on hard surfaces, were most likely to reduce lying frequency when on 
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Figure 6.9 Although stalls are designed primarily to provide cows with a place to lie down, cows 
are often seen standing in them. Sometimes, this occurs with all four feet in the stall, but often 
cows are seen to stand with only the front feet in the stall. This position is associated with an 
increased risk of hoof injuries (Flower and Weary, 2006). Cows may stand in stalls because the 
stalls are too uncomfortable to lie in or because she has no where more comfortable to stand. The 
figure on the right shows the number of hours that the cows stood in front of the feed bunk or in 
the stalls when the floor in front of the feed bunk was concrete or covered with a soft rubber mat. 
With rubber mats the cows spend more time at the feed bunks and less time standing in the stalls 
(Figure based on data in Tucker et al., 2006.)



concrete. Thus some features may affect the suitability of a surface for lying, but 
not for changing positions between lying and standing.

A final issue to consider is how much lying is too little, or how much standing 
is too much. Given that cows can change their lying behaviour depending upon 
other demands on their time budgets, and that they spend less time lying down 
when given a more comfortable location to stand, to what extent should we con-
sider a reduction in lying time problematic? The effects of reduced lying time on 
dairy cattle have been assessed in several studies showing, for example, that cows 
are motivated to lie down for 12 to 13 hours each day (Jensen et al. 2005; 
Munksgaard et al. 2005). The most convincing evidence that a reduction in lying 
time is problematic comes from cases where the change in lying behaviour leads to 
physical injuries. For example, in some cases at least, reduced lying times neces-
sarily result in increased time spent standing on concrete flooring, and prolonged 
standing on this surface is associated with an increased risk of sole lesions (e.g. 
Colam-Ainsworth et al., 1989).

5.2 Stall Surface and Bedding

Since one of the main purposes of supplying a cow with a stall is to provide her 
with a place to lie down, one obvious concern is whether the surface of the stall 
is sufficiently comfortable. This can depend upon the base of the floor, and the 
quality and quantity of bedding used. Traditionally, cows were kept on abundant 
quantities of straw bedding and this is still frequently used in straw yards and in 
some free stalls. The major advantage for cattle of straw bedding is that it pro-
vides a warm, soft surface on which to rest (Tuyttens, 2005). In some places, 
however, straw is not always easy or cheap to obtain and dairy farmers may use 
other forms of bedding, such as wood shavings, sawdust, or sand. The use of 
organic bedding tends to be associated with a higher incidence of clinical mastitis 
(Elbers et al., 1997; Barkema et al., 1999a, b; Wagner-Storch et al., 2003). The 
type of stall surface and bedding used are known to affect bacterial growth in the 
bedding and likely also udder health. Bacterial counts in bedding are usually 
lower when using inorganic bedding like sand versus organic bedding like straw 
or sawdust (Fairchild et al., 1982). Zdanowicz et al. (2004) showed that cows 
housed on sand bedding have fewer Coliform and Klebsiella bacteria on their teat 
ends compared to cows housed on sawdust bedding, but the reverse pattern was 
found for Streptococci bacteria. Given that the Coliform and Klebsiella are more 
difficult to treat than Streptococci infections, these authors recommended the use 
of sand bedding for udder health.

In some cases, farmers may dispense with bedding altogether and allow cows to 
lie directly on the floor of the stall. In some (unfortunate) cases, this will result in 
the cows lying on concrete, but the obvious problems with this option have led to 
the development of alternative, softer surfaces including rubber mats, crumbled 
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rubber-filled mattresses, and waterbeds. An obvious question, therefore, is how 
important are bedding and the stall surface for dairy cows, and how do the different 
alternatives compare?

An epidemiological study found that the absence of bedding in both tie stalls and 
free stalls reduced the longevity of the cows, although the precise reasons for this 
were not clear (Buenger et al., 2001). A similar study in the UK found that reduced 
bedding in free stalls was associated with an increased incidence of lameness (Faull 
et al., 1996). For cows in tie stalls, sole lesions and hemorrhages are more prevalent 
among cows housed in stalls with concrete floors than cows in stalls with rubber 
mats (Bergsten, 1994; Bergsten and Frank, 1996). An insufficient amount of straw 
bedding has been identified as a risk factor for heel horn erosion (Philipot et al., 
1994). For cows in free stalls, Vokey et al. (2001) found the highest incidence of 
lameness and of hoof lesions where stalls had bare concrete floors as opposed to 
sand bedding or softer rubber mats. The relationship with lameness reinforces the 
importance of good stall design for the welfare of cattle. However, the relationship 
is complex: poorly designed stalls may result in increased lameness since resting 
time is reduced and cows spend more time standing. Whether this will lead to lame-
ness will depend upon what sorts of surfaces the cows are standing on.

As discussed earlier, to assess the surface of the stall, the two types of injuries 
that are most important are swelling of the front knees and the skin lesions that 
occur around the hock (tarsal joint). At some point during both getting up and lying 
down, a large proportion of the cow’s weight is placed on the front knees. 
Consequently, it is not surprising that problems with stall design, especially floor 
softness, are apparent in injury or swelling to the front knees. Rushen et al. (2007a) 
 followed cows housed in tie stalls either with a concrete floor or with a soft rubber 
mat and recorded the location and surface area of any cuts, abrasions, and patches 
of hair loss. The diameter of knees and hocks were also measured each week and 
any swelling or inflammation noted. When the total number of minor injuries (cuts, 
abrasions, and hairless patches) on each cow were summed over the 16 weeks of 
the study, there were no differences between the two types of flooring. However, 
the incidence of swollen knees and hocks was less than half on the soft rubber mats, 
a difference most evident on the knees of the front legs. Swollen knees and hocks 
usually come from the physical impact as the cow lies down and stands up, while 
abrasions and hair loss result from friction with the stall flooring. Therefore, the 
main advantage to softer stall flooring would seem to be in reducing the physical 
impact rather than reducing abrasiveness of the flooring.

The act of lying down or standing up may be more painful for cows kept on 
concrete due to swelling of the front knees. Rushen et al. (2007a) also reported that 
cows on softer mats showed an increased willingness both to lie down and stand up. 
In fact, cows kept on the softer flooring stood up and lay down almost twice as 
often as cows on concrete. When they did stand, they also stayed standing for 
longer before lying down again. Interpreting this behaviour as a sign of pain is sup-
ported by the fact that the cows that showed the greatest swelling of the front knees 
lay down for shorter periods of time compared to cows with less swelling of the 
knees. Although the advantages of softer flooring are thought to lie in providing 



some extra cushioning for the bony protrusions of the cow when she is lying, our 
results suggest that reduced physical impact on the front knees may be equally or 
more important.

A number of studies have now shown how stall features can contribute to the 
prevalence of hock lesions (see Figure 2.4), which is the other main type of injury 
related to stall design. A British study found a higher prevalence of lesions on farms 
using solid mats than on those farms using mattresses (Livesey et al., 2002). 
Although mattresses cause fewer injuries than solid mats, a series of experiments 
have shown that lesions are more prevalent on farms using mattresses than on those 
with deep-bedded stalls (Weary and Taszkun, 2000; Wechsler et al., 2000; Vokey 
et al., 2001) or bedded packs (Livesey et al., 2002). Mattresses remain popular 
among many dairy producers, and research is required to identify improved meth-
ods of managing stalls with mattresses, so as to reduce the risk of injuries. More 
fundamentally, we need a better understanding of how and when lesions are likely 
to develop in order to design housing systems that prevent lesions.

A study by Mowbray et al. (2003), showed how hock lesions develop over time, 
and how these can be reduced by changing stall design. Lesions were measured on 
the medial and lateral surfaces of the tarsal (hock) joint and on the dorsal, medial, 
and lateral surfaces of the tuber calcis (point of the hock). In one experiment, lactat-
ing cows were assigned to free stalls with either deep-bedded sand or geotextile 
mattresses on the day of calving. Stalls in the deep-bedded area had in excess of 
20 cm of washed river sand over a dirt base. Stalls in the mattress area had a geo-
textile mattress covered with about 3 cm of kiln-dried sawdust bedding. Skin lesions
on the hocks develop rapidly over the first 6 weeks of the study (Figure 6.10), but 
areas of both hair loss and skin breakage on the tarsal joint increased more rapidly 
for cows housed in stalls with geotextile mattresses than for cows using deep-
bedded stalls.

Interestingly, the injuries on the tuber calcis showed the reverse pattern, with 
much larger areas of hair loss on cows using deep-bedded stalls than on those using 
mattresses. Similarly, Weary and Taszkun (2000) reported a higher prevalence of 
these lesions for cows using deep-bedded stalls than those using mattresses. In 
addition, they found that the difference in the total number of lesions was driven by 
the large number of lesions on the dorsal surface of the tuber calcis. The higher 
prevalence of these lesions on the dorsal surface is likely due to contact with the 
curb that can become exposed at the rear of the deep-bedded stalls; such contact is 
much less likely in stalls fitted with geotextile mattresses.

In a second experiment, cows were assigned to stalls with either deep sand bed-
ding or geotextile mattresses recessed 5 cm below the curb, such that 3–5 cm of 
sand bedding could be maintained on the surface of the mattress. The mattresses 
recessed below the curb and covered with sand resulted in few lesions, and there 
was no difference in the mean area of lesions on the tarsal joint for cows using 
recessed mattresses and cows using stalls with deep sand bedding. However, lesions 
on the tuber calcis were again more of a problem for cows using the deep-bedded 
stalls. Weary and Taszkun (2000) argued that, although the surface of the mattress is 
not sufficiently abrasive to cause lesions, friction between the leg and mattress may 
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cause heat to build up that reduces the strength of the skin. Mowbray et al. (2003) 
attempted to reduce the frictional injuries by adding limestone flour to bedding, but 
this was not effective in reducing injuries, perhaps because the flour did not reduce 
friction as anticipated. In addition to frictional heat, another possible cause of such 
skin lesions is pressure from body weight of the animal that reduces blood flow to 
skin over the area of contact with the lying surface (e.g. Bass and Phillips, 2007). 
Such pressure ulcers or “bed sores” would likely be affected by the addition of 
bedding, as more pliable materials support a greater proportion of the cow’s 
surface area thus reducing pressure at any one point.

Bedding for dairy cattle has been the topic of several preference tests, all compar-
ing different surfaces in different ways. Dairy cattle show clear preferences for softer 
stall surfaces (Tucker and Weary, 2004). For example, cows will preferentially lie 
down on deeply bedded surfaces with either sawdust or sand rather than mattresses 
with 2–3 cm of bedding (Tucker et al., 2003), and will select mattresses bedded with 
7.5 kg of sawdust bedding over those with only 1 or 0 kg of sawdust (Tucker and 
Weary, 2004). Other work has shown that cows prefer heavily bedded stalls to lightly 
bedded mats, or solid surfaces like concrete, mats or wood (Jensen et al., 1988; 
Muller and Botha, 1997; Wagner-Storch et al., 2003). Only Manninen et al. (2002) 
found that cows avoided deep-bedded sand stalls. The cows in the study by Manninen 
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et al. (2002) preferred straw-covered concrete and rubber mats, but this difference 
may have been due to the type of sand used or previous experience of the cows.

In studies where usage has been measured, cows spend more time lying down 
and lie down more often on softer, well-bedded surfaces. For example, Tucker and 
Weary (2004) found that lying time increased by 2.1 h /day and lying frequency by 
2.4 events/day when cows had access to mattresses bedded with 7.5 kg of sawdust 
compared to mattresses without bedding. Previous studies have also reported 
increased lying times and/or lying frequencies depending upon the surfaces tested 
(e.g. Munksgaard and Simonsen, 1995; Haley et al., 2000).

5.3 Stall Size and Configuration

Cows seem to prefer lying down in more open areas, and physical barriers placed 
around the cow’s lying area will likely make the area less likely to be used. This 
may be a suitable trade-off if the design features provide true benefits to the animal 
or the farmer, such as reduced defecation in the lying area. Structural elements of 
free and tie stalls, including the stall partitions and the neck rail or cow trainer 
positioned above the stall, are often assumed to provide such advantages but very 
little research is available to document this or show the effects of stall design on 
lying behaviour and other aspects of stall use.

Cattle stalls can vary in many aspects. For free stalls these features include the 
width between partitions, the shape of stall partitions, the length of the bed, the 
amount of lunge space, the height of the curb at the rear of the stall, the height and 
shape of the barrier (“brisket board”) used to position the cow in the stall, and the 
height of the neck rail and its position relative to the stall curb. For each of these 
 features there is a wide range of recommended specifications, largely based on the 
personal and divergent insights of dairy professionals.

It is clear that inadequate stall design can have negative effects on the animal 
welfare. Epidemiological studies in France (Philipot et al., 1994) and the UK (Faull 
et al., 1996; Haskell et al., 2006) have identified small stalls as being a risk factor 
for hoof problems and lameness. Frequent contacts between the cow’s neck and the 
neck rail can be assessed by looking for wear marks on the underside of the neck 
rail. Similarly, Cook (2003) illustrates how poor positioning of mounting rails for 
stall dividers can be identified by the sound of cows hitting their chins on these 
structures when they lunge forward while standing up.

The little research to date on stall configuration suggests that smaller stalls 
reduce lying time. Tucker and colleagues performed a series of experiments on 
aspects of stall design, including stall width, length, and neck rail placement, and 
found that each of these features affects stall usage, although in different ways. Stall 
width clearly affected lying times: in two experiments stall width was increased 
(once from 112 to 132 cm, and once from 106 to 126 cm), and in both cases lying 
times increased by approximately 1 h/day (Tucker et al., 2004).
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Cows are less likely to contact the stall partitions when kept in wider stalls 
(Blom et al., 1984) both while the cows are recumbent as well as when lying down 
or standing up. Cows in wider stalls also spend less time standing with just the front 
feet in the stall and more time standing fully in the stall (Tucker et al., 2004). The 
time standing half way in the stall can also be reduced (and the time spent standing 
fully in the stall increased), by increasing the available lunge space and raising the 
neck rail or placing it further from the rear curb (Tucker et al., 2005).

Increasing the time spent standing with all four hooves in the stall, and reducing 
the time spent standing partially in the stall, may also benefit cows by avoiding 
time on the relatively uncomfortable standing surface available in the alley 
(Stefanowska et al., 2001). However, larger stalls are more likely to be soiled by 
urine or faeces, and this can be a welfare concern both in terms of comfort and 
potentially through increased risk of udder infections (Tucker et al., 2004). 
However, increased soiling is due in part to the increased occupancy of these 
stalls, both lying and standing. Gaworski et al. (2003) reported a positive relationship 
between time spent standing and lying in the stall and the amount of faecal material 
in the free stall. In this sense, dirtiness of stalls should be seen as an indicator of 
good stall design!

Electric cow trainers in tie stalls and neck rails in free stalls are both intended to 
keep stalls clear by preventing defecation in the stall. Research has shown that cow 
trainers result in cleaner stalls, cleaner cows, and a lower incidence of heel horn 
erosion in the hind hooves (Bergsten and Pettersson, 1992; Zurbrigg et al., 2005). 
Lowering neck rails in free stalls increases time spent standing outside of the stall 
(Tucker et al., 2005), likely increasing cow’s cleanliness but harming hoof health. 
Although efforts to improve stall cleanliness are generally motivated by the desire 
to improve udder health, there is little empirical evidence to support such a link. 
Indeed, the use of cow trainers is sometimes associated with a higher risk of masti-
tis, despite having cleaner stalls (Bakken, 1982; Oltenacu et al., 1998). Producers 
unwilling to invest more effort in stall maintenance will likely need to trade-off 
comfort for cleanliness. Changes to the lying area that make free stalls less suitable 
for standing need to be accompanied by other modifications to the barn that create 
comfortable standing surfaces outside of the stall.

5.4 Stall Location

Stall use can also be affected by where the stalls are in the barn (Wagner-Storch 
et al., 2003). Some experiments have found that cows rarely enter a given stall 
while seemingly identical stalls are occupied more than 80% of the available time. 
In one study, Gaworski et al. (2003) showed that stalls in the row closest to the 
feed alley were occupied 41% more frequently than were stalls in more distant 
rows. In addition, stalls located within the centre of each row were used 12% more 
often than those stalls located on the periphery of the row (i.e. either near a wall 
or fence). Natzke et al. (1982) also found that stalls on the periphery were used 



less than stalls in the interior of the row. These results suggest that certain stalls, 
particularly those farther from the feed bunk and on the periphery, are less desira-
ble to dairy cattle perhaps because cows need to walk farther, or because they have 
to navigate past certain physical (e.g. narrow alleys) or social obstacles (e.g. dominant
cows) on their way to the more distant stalls. Indeed, earlier work has indicated 
that the movements of subordinate animals are prevented by the  location of dominant
cows (Miller and Wood-Gush, 1991). Such factors may partly explain reduced 
user satisfaction and lower production in those barns with more rows of stalls 
(e.g. 6 vs. 4 row barns: Bewley et al., 2001).

Thus large differences in usage can occur even among identically configured 
stalls within the same barn. The fact that stalls within a pen vary in their popularity 
suggests that stall availability from the cows’ perspective is not the same as from the 
producer’s perspective – what looks to us as 1:1 cow-to-stall stocking density may 
seem considerably worse to the cows if they judge some stalls as unacceptable.

6 Surfaces for Standing and Walking

Dairy cows are heavy animals that spend much of their time standing and walking. 
The surfaces on which they perform these activities are thus an important compo-
nent of the housing system. The hoof of the cow has evolved primarily for walking 
on surfaces like pasture. With the increased use of indoor housing, dairy cows are 
spending less time on pasture, a change associated with increased lameness 
(see Section 3 of this chapter). In tie stalls, cattle stand most often on the same sur-
face on which they lie. In straw yards, the cattle stand and walk mainly on straw. In 
free stalls, the cows stand mainly on concrete, that is either solid or slatted. 
Concrete is durable, readily available, relatively easy to clean and inexpensive, but 
there is increasing evidence that concrete walking surfaces may be related to the 
increased incidence of lameness in dairy cows (Bergsten, 2001). Uncomfortable 
standing surfaces in front of feed bunks may reduce feeding time, especially for 
lame cows. Because of the obvious problems with concrete flooring, some dairy 
farmers are beginning to experiment with other materials, especially rubber mats 
placed in strategic areas such as in the milking parlour, commonly used walking 
areas, and in front of the feeders. In two experiments Tucker et al. (2006) examined 
the effects of softer surfaces in front on the feeding area, and found that cows spent 
more time standing in this area when softer surfaces were available. In one experi-
ment in a facility where free-stall design may have been inadequate, cows also used 
the softer flooring to lie down, illustrating the complex ways in which the design of 
various components of cow housing can interact. Other experiments have also 
shown that providing cows with softer surfaces to stand upon will increase standing 
times in these areas (Fregonesi et al., 2004).

The importance of standing and walking surfaces for cattle welfare will vary 
with the type of housing system used. Cows that spend some time on pasture will 
be less affected by the type of flooring in the barn than cows that remain indoors 
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all of the time. For cows in tie stalls, the same surface is used for standing and lying, 
but cows in free stalls have a choice as to where to lie or stand so there is likely to 
be a complex interaction between the type of flooring used in the stall, and the type 
of flooring used elsewhere.

6.1 Lameness

The most serious welfare problems associated with flooring surfaces are hoof-
related diseases. Concrete flooring can increase the incidence of lameness by caus-
ing excessive and uneven wear of the hoof, by direct damage as a result of uneven 
surfaces or protrusions, by causing skin breaks that increase the risk of infectious 
diseases, and by increased impact forces that can increase the risk of damage to the 
corium. In general, management that results in the cows standing longer on con-
crete surfaces increases the risk of sole lesions (Colam-Ainsworth et al., 1989). 
A number of epidemiological surveys have shown convincingly that lameness is 
more prevalent where the cows walk mainly on concrete (Wells et al., 1995; Faull 
et al., 1996; Somers et al., 2003). Small-scale studies support the view that concrete 
flooring increases the risk of hoof lesions (e.g. Vokey et al., 2001; Vanegas et al., 
2006), in part because of the greater force exerted on the hoof when the cows walk 
on hard concrete floors (Vander Tol et al. 2003; Franck and De Belie, 2006). In 
addition, digital dermatitis is more common on farms where cows walk on grooved 
concrete compared to farms using dirt, pasture, or smooth concrete (Wells et al., 
1999), perhaps due to the abrasive properties of the flooring.

Aspects of the walking surfaces other than the material can influence lameness. 
Philipot et al. (1994) assessed risk factors for chronic and subacute laminitis as well 
as heel horn erosion and found that high steps (leading into the stall or into the 
milking parlour) and slopes were risk factors for sole lesions. Bell (2004) also 
found that steps and imperfections on the concrete flooring (such as cracks and 
holes) increased the risk of sole lesions.

Wet standing surfaces also increase lameness. Exposure to moisture softens the 
hoof leaving it prone to excessive wear or other damage (Borderas et al., 2004; 
Figure 6.11). Cows in free-stall housing often stand on wet surfaces. A survey in 
the USA found increased clinical lameness with wet flooring in stalls (Wells et al., 
1995), and Philipot et al. (1994) found that wetness at the back of the stall increased 
the risk of heel horn erosions. Dermatitis is also more common when cows stand 
on wet surfaces, because of increased risk of transmission or softening of the hoof 
leading to more wear and abrasions increasing the risk of infection (Wells et al., 
1999; Rodriguez-Lainz et al., 1999). Improving the drainage of urine and faeces at 
the back of the tie stall reduces the risk of several hoof problems, including derma-
titis, heel horn erosion sole ulcer, and white line disease (Hultgren and Bergsten, 
2001). Slatted floors, popular in European dairy barns, do allow much better drain-
age and are more likely to keep hooves dry. However, dairy cows kept in barns with 
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Figure 6.11 The claws of the hooves of the cows absorb water rapidly, gaining weight, and 
becoming softer in the process. This increases the risk of wear and erosion of the horn. Most of 
the changes occur during the first 4 h. The hardness of the claw can be measured with a durometer 
(left) The increase in the weight of the hoof indicates the amount of water absorbed. (Data taken 
from Borderas et al., 2004.)

slatted floors spend more time standing in the stall (Stefanowska et al., 2001), sug-
gesting that they find the slatted floors uncomfortable.

6.2 Walking Surfaces and the Movement of Animals

Poor walking surfaces increase the chance of cattle slipping and falling, increasing the 
risk of injury, and reducing the willingness of cattle to walk quickly (Figure 6.12). 
Reluctance to walk increases the chance of human intervention, which can involve 
rough handling (see Chapter 9). The two most important properties of flooring 
that affect walking are the degree of traction (van der Tol et al. 2005) and softness. 
According to earlier research (Nilsson, 1992) walking surfaces must have a coeffi-
cient of friction between 0.4 and 0.5 to ensure that cows are able to walk easily 
without slipping; both concrete and hard rubber mats have coefficients of friction 
at the lower end of the range but softer rubber mats are superior (e.g. van der Tol 
et al., 2005; Rushen and de Passillé 2006). However, other studies (Phillips and 
Morris, 2000; Rushen and de Passillé, 2006) have examined cows walking on con-
crete floors that were either wet or dry or covered in slurry, and found that the 
coefficients of friction of the floor were not good predictors of the risk of slipping. 
The researchers questioned the extent to which standardized engineering measures 
of friction can appropriately characterize flooring for cattle. Direct observations of 
cattle walking on different surfaces appears to be a more promising approach.

Some studies have begun to examine how cow locomotion is affected by the walk-
ing surface. Flooring needs to have sufficient traction to avoid slips and falls (van der 
Tol et al. 2005), and accumulation of slurry can increase the risk of such accidents. 
Phillips and Morris (2000) found that when cows walked on concrete floors covered 
with slurry, they walked more slowly and with reduced stepping rates, but took 
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longer steps. Rushen and de Passillé (2006) found similar effects on the speed of 
walking and also noted that the incidence of slipping was considerably higher on 
slurry-covered concrete than on dry concrete. When allowed a choice, cows will 
generally avoid walking in a passageway where the floor is covered in slurry (Phillips 
and Morris, 2002).

In view of the obvious dangers of cattle slipping and falling, there have been a 
number of attempts to develop superior walking surfaces. Unfortunately, few of 
these have been systematically tested. Dairy cows prefer to walk on soft rubber 
floors than on concrete (Telezhenko et al., 2007). Phillips and Morris (2001) exam-
ined epoxy-covered floors that were of varying degrees of friction achieved by 
adding bauxite aggregates. Rather surprisingly, cows walked more slowly, but with 
longer strides on the higher-friction surfaces. In contrast, two other studies (Rushen 
and de Passillé, 2006; Flower et al., 2007) found that cows walked more quickly 
and with longer strides on floors when the degree of friction was increased by add-
ing rubber mats that were both anti-slip and softer than concrete. It is possible that 
the epoxy grit used by Phillips and Morris (2001) made the floors uncomfortable. 
Preference tests showed that cows were able to sense the difference between the 
different floors but showed no preference for walking on the higher-friction mate-
rial (Phillips and Morris, 2002).

Rushen and de Passillé (2006) noted that both the friction and softness of the 
flooring affected locomotion. Rushen and de Passillé (2006) filmed cows walking 
down specially constructed corridors with either concrete floors or soft, high-
friction, rubber mats. Walking speed was higher on the rubber mats and cows 
slipped less often on this surface compared to concrete. When friction was increased 
but softness kept constant by adding a high-traction rubber mat to a concrete base, 
cows increased mean stride length and tended to increase walking speed, especially 
when crossing a gutter. When softness of the flooring was increased by adding 
crumbled rubber-filled geotextile mattresses under the high-traction mat, cows 

Figure 6.12 The surface on which cows walk or stand can have a large impact on their welfare, 
primarily by altering the likelihood of hoof injuries or lameness. Poor quality outdoor walking 
tracks (left) can increase the chance of hoof injury, especially if the cows are being hurried. Often, 
cows will prefer to walk on a softer surface (Telezhenko et al., 2007). The cow on the right is 
walking on a strip of rubber placed in the middle of the walkway. Such surfaces if sufficiently soft 
and providing good traction, increase the size of the cows’ steps and hence walking speed



increased walking speed. Together, these results show that both traction and soft-
ness are important to the cows, and that methods of increasing friction that reduce 
the comfort of the flooring may have undesired effects.

Improvements in flooring must meet the needs of both the cow and the producer. 
Flooring surfaces must be economically affordable, durable and result in minimal 
foot and leg problems. Considerable research has now documented the problems 
with concrete flooring, and we agree with Guard’s (2001) suggestion that standing 
and walking surfaces for dairy cows be constructed of something other than 
concrete. Both friction and softness are important for the cattle, and one should not 
be sought at the expense of the other. The problems of wet flooring and slurry 
accumulation are well documented: flooring needs to provide good drainage. 
Research is needed both to examine the advantages of currently available flooring 
surfaces and to identify optimum characteristics of the floors that can then inform 
the development of new materials.

7 Social Effects: Stocking Density, Social Dominance, 
Competition

How many animals should be housed within a given space? Although stocking 
density is usually described in terms of the area of space per animal, the issue of 
appropriate space is far more complex than can be adequately covered in this one 
measure. First, an increase in animal density will have quite different effects 
depending on whether it results from the addition of extra animals to a given area, 
or by a reduction in the area available for a given number of animals because the 
number of animals within a group has effects independent of space availability. In 
a large group of animals there are simply more individuals that need to be dealt 
with, leading to a greater variety in dominance relationships and more opportunity 
for aggressive encounters. Large groups can also place more demands on manage-
ment, particularly if there is less time devoted to individual animals.

If we consider a fixed number of animals, then what competitive and non-
competitive factors should be considered to determine the optimum stocking density?
Non-competitive factors are those that do not depend upon interactions between 
animals, such as air quality (when a large number of animals are housed in an 
enclosed space) or the amount of manure deposited on the floor. These effects on 
animal welfare should be apparent in most animals. In contrast, competitive effects 
come about as a result of interactions between animals, particularly competitive 
interactions for limited resources such as to stalls, feeder space, or perhaps drinkers.

Competition is usually low in tie-stall systems so most research attention on 
stocking rate has focused on free-stall housing. The effect of competition can be 
apparent in the usual health and welfare measures, such as the incidence of various 
maladies. Although such measures may provide some information as to the severity 
of the problem, behavioural measures are often more useful in pinpointing the 
actual causes of the problem. The most relevant behaviours are those most closely 
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related to the resources over which the animals are competing, such as resting time, 
feeding time, etc. or instances of actual aggressive behaviour, such as fights over 
feeding space or stalls.

One of the most contentious issues in free-stall housing concerns the number 
of cows to house together in a pen with a fixed number of stalls and feeder space. 
Usually, the density is expressed as the number of cows per stall (cow to stall 
ratio) or linear bunk space per cow. Since the purpose of the stall is to provide a 
clean, comfortable place for the cow to lie down, having one stall per cow would 
seem optimal. However, some reason that since dairy cows tend to lie down only 
about 12 h a day, it should be possible to have more cows than stalls and still have 
enough time for all the cows to lie down. Any resulting reduction in housing costs 
could provide obvious economic advantages to the producer. In a survey of 
 modern free-stall dairy barns in Wisconsin, Bewley et al. (2001) report that only 
one-third of farmers keep their cows at a density of one cow per stall or less, 
while 15% of farmers overstock by more than 20%. These authors suggested that 
 housing costs per cow are reduced by a third when farmers keep 30% more cows 
than there are stalls.

Do high stocking rates in free-stall barns reduce lying times? Research has 
shown clear reductions in lying time when the cow to stall ratio increases above 1.5. 
The average reductions in total lying time are around 1 h/day at a cow to stall ratio 
of 1.5 (Wierenga, 1990; Winckler et al., 2003) and up to 4 h/day at a cow to stall 
ratio of 2.0 (Friend et al., 1979). The effects are much larger for some cows, espe-
cially low-ranking cows. Even with a cow to stall ratio of 1.0, low-ranking cows 
spend less time lying in the stalls and more time standing in the passage ways 
(Galindo and Broom, 2000). Wierenga (1990) observed that lying times for low-
ranking cows decreased by over 2.6 h/day at a cow to stall ratio of 1.5. Leonard 
et al. (1996) found that the average resting time when cows were housed at a cow 
to stall ratio of 2.0 was 7.5 h but that this varied between 2.7 and 11.9 h/day for 
individual cows. The low resting times were associated with an increase in the 
incidence of sole haemorrhages and lameness. The authors calculated that a reduc-
tion in lying time from 10 to 7 h/day was associated with a doubling of the inci-
dence of sole haemorrhages, and a further doubling occurred when resting time was 
reduced to 5 h. Galindo and Broom (2000) also noted that lameness and hoof 
lesions were more among cows that spent more time standing. Thus, stocking rates 
above 1.5 cows per stall are likely to reduce resting time to the degree that is clearly 
associated with an increased risk of lameness.

At lower stocking rates, the effects are less evident. Compared to a cow to stall 
ratio of 1, no overall changes in average resting time have been reported for cow to 
stall ratios of 1.14 (Fregonesi and Leaver, 2002), 1.2 (Sugita et al., 1999), 1.25, and 
1.33 (Wierenga, 1990). Fregonesi and Leaver (2002) reported no effect of a cow to 
stall ratio of 1.14 on locomotion score. However, one recent study showed clear 
effects on time spent lying and other behaviours when stocking density varied 
between 1 and 1.5 cows per stall (Fregonesi et al. 2007). When fewer stalls were 
available, time spent lying was reduced by 2 h per day, partly due to increased 



 displacements of cows from stalls. When there are too few stalls, cows may also 
have to change the times that they rest: Wierenga (1990) noted that cows (especially 
subordinate cows) rested less often at night and more often during the evening at 
cow to stall ratios of 1.25 and 1.33. The effect of these changes on the welfare of 
the cows is difficult to judge.

Changes in stocking density can result in other changes besides resting behav-
iour. First, the incidence of aggressive interactions between cows can increase, 
even at a cow to stall ratio of 1.14 presumably because of competition over stalls 
(Fregonesi and Leaver, 2002). However, the largest change in behaviour is that 
cows spend less time standing in the stalls and more time standing in the walk-
ways. At a cow to stall ratio of 1.25, cows spend an average of 70 min less each 
day standing in the stall (Wierenga, 1990), and increase time spent standing out-
side the stall. The effect of this change on the welfare of the cows will clearly 
depend on the quality of the standing surfaces elsewhere in the pen (Section 6 of 
this chapter).

Increases in stocking density have been found to have little effect on some other 
indicators of welfare. Fregonesi and Leaver (2002) reported no effect of a cow to 
stall ratio of 1.14 on locomotion score, body condition score, cleanliness, or rumi-
nation time. Feeding time or feed intake were not affected by stocking at cow to 
stall ratios of 1.14 (Fregonesi and Leaver (2002), 1.5 (Wierenga 1991), or 2.0 
(Friend et al., 1979), even though these densities were associated with a propor-
tional reduction in feeding space as well (see Chapter 9; see also DeVries et al., 
2004). Perhaps because feed intake is maintained, studies have not reported an 
effect of stocking density on milk production, even up to cow to stall ratios of 2.0 
(Friend et al., 1979; Fregonesi and Leaver, 2002). These studies tended to use a 
fairly low number of animals and observed them for short periods of time, reducing 
the chance of seeing effects on milk production.

Reduced feed bunk space availability has been shown to result in increased 
aggressive behaviour in cattle (Kondo et al., 1989). When feed bunk space is 
limited, increases in aggressive behaviour are thought to limit the ability of some 
cows to access feed at times when they want to. DeVries et al. (2004) tested if 
increasing space availability at the feed bunk improves access to feed and reduces 
social competition. Twenty-four lactating Holstein cows were each tested under 
two conditions: with 0.5 or 1.0 m of feed bunk space per cow. When animals had 
access to more bunk space there was at least 60% more space between animals 
(regardless of the number of cows at the feed bunk) and 57% fewer aggressive 
interactions while feeding. These changes in spacing and aggressive behaviour 
allowed cows to increase feeding activity especially during the 90 min after 
fresh feed was provided. During this period, cows with access to more feed bunk 
space increased time at the feeder by 24%, and this effect was strongest for sub-
ordinate cows.

In conclusion, research stocking rates in free-stall housing suggest that stocking 
at greater than one cow per stall can lead to increased competition between cows, a 
reduction in time spent lying and an increase in time spent standing. These effects 
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will be most apparent in low ranking cows. At stocking densities less than 1.5, the 
research results are less clear. In general, most cows appear to adjust the time of the 
day that they rest to protect overall rest time. However, individual cows may have 
reduced rest times – any negative effects of competition will most likely be felt by 
the lowest-ranking cows. A number of factors are likely to influence the effect that 
stocking densities have on cows, and these need to be borne in mind when interpret-
ing studies. The effects of overcrowding will depend upon the layout of the barn 
and the amount of time that cows have available to rest. For example, waiting times 
at milking vary con siderably among farms, but can exceed 1 h per milking. 
Especially with three or more milkings per day, cows may have several hours less 
each day to eat and rest, likely increasing competition for feeding and lying spaces 
once cows are back in the pen.

8 Design of the Feeding Area

There are several aspects of the feeding environment that can influence the ability 
of cows to access feed, including the amount of available feed bunk space per 
animal and the physical design of the feeding area. One of the most obvious 
features of the feeding area is the physical barrier that separates the cow and the 
feed. The various barriers are all designed with the intention of allowing cows 
access to feed. Some designs may have other effects such as reducing the fre-
quency of aggressive interactions at the feeder. For example, a feed line barrier 
that provides some separation between cows (e.g. headlocks; see Figure 6.13) 
might reduce competition and increase intake. Unfortunately, there is little scien-
tific work addressing these topics.

Endres et al. (2005) compared the effects of two feed barrier systems (post-and-rail 
versus a headlock feed line barrier; see Figure 6.13) on the feeding and social 
behaviour. Although there was no difference in feed bunk attendance throughout 
the day, during periods of peak feeding activity (90 min after fresh feed delivery) 

Figure 6.13 A post-and-rail (left) and a headlock (right) feeder for dairy cows



cows that had lower feeding times relative to group mates when using the post-
and-rail barrier showed more similar feeding times to group mates when using the 
headlock barrier. There were also 21% fewer displacements at the feed bunk 
when cows accessed feed by the headlock barrier compared to the post-and-rail 
barrier. These results suggest that using a headlock barrier reduces aggression at 
the feed bunk and improves access to feed for socially subordinate cows during 
peak feeding periods.

Huzzey et al. (2006) tested the effects of stocking density at the feed bunk 
using both types of feed barrier. Cows were assigned to either headlock or post-
and-rail barriers and tested at four stocking density treatments (0.81, 0.61, 0.41, 
and 0.21 m/cow, corresponding to 1.33, 1.00, 0.67, and 0.33 headlocks/cow). 
Daily feeding times were higher when using the post-and-rail barrier and feeding 
times decreased as stocking density increased regardless of barrier type. Cows 
were also displaced more often from the feeding area when the stocking density 
was increased, and this effect was greater for cows using the post-and-rail feed 
barrier (Figure 6.14).

Subordinate cows were more often displaced with the post-and-rail barrier 
design, particularly at high stocking densities. These results illustrate that some 
physical separation between adjacent cows can be used to reduce competition at 
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Figure 6.14 Mean daily displacements per cow at four different stocking density treatments 
when provided either a headlock or a post-and-rail feed barrier (From Huzzey et al., 2006.)
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the feed bunk. A less-aggressive environment at the feed bunk may also have long-
term health and welfare benefits; cows that engage in higher number of aggressive 
interactions at the feed bunk may be at risk for hoof-health problems (Leonard 
et al., 1996).

In these two studies on feed barrier design (Endres et al., 2005; Huzzey et al., 
2006) the use of a headlock reduced the incidence of displacements at the feed 
bunk. However, this barrier did not completely eliminate aggressive behaviour, 
indicating that the neck division does not provide full protection. DeVries and 
von Keyserlingk (2006) set out to determine if the addition of partitions (feed 
stalls) between the bodies of adjacent cows provides additional protection while 
feeding and allows for improved access to feed. Cows were tested with 0.64 m of 
feed bunk space/cow (representative of industry recommendations), 0.92 m of 
feed bunk space/cow, and feed stalls (0.87 m of feed bunk space/cow with feed 
stall partitions separating adjacent cows). When animals had access to more 
space, particularly with the feed stalls, there were far fewer displacements while 
feeding (Figure 6.15), and subordinate cows benefited the most from this reduc-
tion in displacements.

Reduced aggression at the feed bunk allowed cows to increase their daily feed-
ing time and reduce the time they spent standing in the feeding area while not 
feeding. The feed stalls also caused a change in the displacement strategy at the 
feed bunk, forcing cows to initiate contact at the rear of the animal they were dis-
placing rather than at the front or side. Despite this change in strategy, cows were 
less successful in displacing others. Based on these results, we conclude that the 
provision of more feed bunk space, particularly when combined with feed stalls, 
will improve access to feed and reduce competition at the feed bunk, particularly 
for subordinate cows.
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Figure 6.15 Daily number of displacements per cow at three different levels of feed bunk space 
(Adapted from DeVries and von Keyserlingk, 2006.)



9 Temperature Stress

Although temperature extremes are not as evident a source of welfare problems for 
cows as they are for other farm species, cattle are kept in parts of the world that 
regularly experience extreme cold or extreme heat. The lower critical temperature 
for lactating dairy cows has been estimated to be as low as −37°C, while the upper 
critical temperature may only be 25°C (Kadzere et al., 2002). This shows that heat 
stress is generally much more of a problem for the lactating cow than is cold stress 
(Figure 6.16).

Important dairy industries exist in several parts of the world with high tempera-
tures, notably the USA, Brazil, and Israel, and considerable research has examined 
the effects of heat stress on dairy cows. Fortunately, this research has recently been 
reviewed (Kadzere et al., 2002; Collier et al., 2006) and Silanikove (2000) presents 
a thorough discussion of the implications of heat stress for the welfare of dairy cat-
tle (see Chapter 7); a topic that has received far less attention than the effects of heat 
stress on milk yield or reproduction. Hyperthermia can easily occur in lactating 
cows, largely because of the considerable metabolic heat generated during lacta-
tion. Cattle breeds differ in their ability to tolerate heat stress, with Bos indicus
being substantially more tolerant than Bos taurus, and Holstein cattle less tolerant 
than Jersey cattle (Kadzere et al., 2002).

Figure 6.16 Cattle are large animals with a relatively small surface area to volume ratio. When 
kept in cold conditions, they can also grow a thick coat. Together, these reduce heat loss. In addi-
tion, lactating cows can generate considerable metabolic heat. These factors lead cattle generally 
to be more susceptible to heat stress than cold stress
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Heat stress occurs as a result of some combination of high ambient temperatures, 
direct or indirect exposure to the solar radiation, low air movement and high humidity. 
The housing in which cattle are kept can lead to heat stress by increasing the heat 
transfer from the environment to the animal and by interfering with the animals’ 
thermoregulatory responses. Exposure to solar radiation is more of an issue for cat-
tle housed outside, and low air movement more of an issue for cattle housed indoors. 
A number of experiments have shown the advantage of providing shade to dairy 
cattle housed outdoors (reviewed in Armstrong, 1994; Silanikove, 2000). For cattle 
housed indoors, appropriate ventilation, supplemented with water sprinklers, 
should aid the cattle to lose heat through increased evaporation (Armstrong, 1994). 
In practice, the benefits of sprinklers are not consistent; sometimes effects are 
 evident (e.g. Keister et al., 2002) but other studies have produced mixed results 
(Chan et al., 1997; Thompson et al., 1999). Optimal positioning and use of sprinkler 
systems is an engineering problem that still awaits a solution. Speed of air move-
ment is an important factor affecting heat loss in cattle (Turnpenny et al., 2000), 
but, while it is apparent that adequate ventilation inside buildings is essential, the 
best means of ventilating dairy barns is still an active topic for research. While 
ventilation and sprinklers should allow cattle to lose heat through evaporative cool-
ing, cattle can also lose heat through direct conduction (Silanikove, 2000). In hot 
climates, cattle appear to show a preference for types of bedding that have good 
thermal conductivity and which promote conductive heat loss (Silanikove, 2000). 
The types of bedding that are the most appropriate for different climatic regions has 
not yet received much attention.

10 Conclusion

Cattle must live their lives in the housing systems that we provide for them, so the 
quality of this housing can have profound effects on their well-being. For the cattle 
industry, issues concerning housing are also strategic to address, as public concerns 
about animal welfare are often brought into focus with examples of unfortunate 
housing conditions. For example, the use of crates for veal calves, stalls for gestat-
ing sows, and battery cages for hens have all figured prominently in public criti-
cisms of farming practices.

Housing has also been the focus of a growing body of research on cattle welfare, 
and a great deal has been learnt over recent years. Research comparing disparate 
systems is difficult to do well, and such comparisons are fraught with problems. 
However, careful comparisons within systems can be very useful in identifying 
specific weaknesses and how to address these. Research on housing is also made 
difficult by the fact that different housing methods are normally accompanied by 
changes in management that also have profound effects on the animals. Different 
housing systems also differ in the extent to which cattle interact socially, making 
competitive interactions much more of a welfare problem in, for example, loose 
housing compared to tie stalls.



For adult cattle, almost all research on housing has focused on dairy cows so this 
was also our focus for this chapter. Although the public may imagine that dairy 
cows in Europe and North America are commonly kept on pasture, this image is 
dated and continuous indoor housing is becoming the norm. Research has shown 
that some health problems, especially hoof health, are more prevalent with indoor 
housing, but research is still required to determine what aspects of pasture access 
provide benefits, and if these features could be provided indoors.

Three key aspects of indoor housing are areas for cows to lie down, feed, and 
stand. We describe some methodological pitfalls in research on cow comfort, but 
also show that powerful and suitable research approaches are available, particularly 
measures of physical injuries, preferences, and usage. The surface that cows lie 
down on is, in our view, the most important characteristic of the lying area. Cows 
prefer softer lying surfaces such as deep bedding. They are also less likely to sus-
tain injuries and spend more time lying down in stalls with more bedding. 
Obviously, the lying surface needs to be maintained both to remove faecal matter 
and to keep an adequate lying surface – poorly maintained stalls are a health risk to 
cows and can much reduce stall occupancy. Any physical structures used in the 
lying area (such as stall partitions and neck rails in free stalls) need to be positioned 
to prevent injuries and allow for normal lying and standing behaviour. In general, 
physical structures within the stall reduce stall usage – producers need to realize 
that these are installed for their benefit and these tend to interfere with the cow’s 
ability to use the stall. Interestingly, physical structures (like headlock feed barriers 
or partitions between feeding “stalls”) seem to be beneficial at the feed area by 
reducing competition among cows.

Free-stall design is of concern not only because of consequences for cow’s lying 
behaviour, but also because it can affect where cows stand and how much time they 
remain standing. Some aspects of stall design (such as narrow stalls and neck rails 
placed low or closer to the rear curb) can greatly increase the time cows spend 
standing fully or partially in alley, and the increased exposure to concrete and 
manure slurry can have negative effects on hoof health. New research on alternative 
flooring surfaces for cows is urgently required to address such effects. New flooring 
surfaces should be designed to provide improved traction, reducing the risk of slip-
ping and likely aiding farm workers in moving cows and perhaps also in detecting 
heat. Softer flooring has also been shown to be important – cows prefer to stand on 
these surfaces compared to concrete and show improved gait when walking on 
softer materials.

The effects of milking systems on welfare have only been studied in relation to 
the development of automated milking systems. In general, these systems can pro-
vide welfare advantages to cows by allowing them more freedom to choose when 
and how often they will be milked. However, like any new system, much work still 
needs to be done to realize such welfare benefits without risk of other harms such 
as increased rates of udder infection.

Bringing animals indoors normally reduces space availability and increases 
the opportunity for animals to compete over resources such as food. Most 
research on this topic to date has focused on overstocking pens, as this is a popular 
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management option especially in some regions. Research has documented nega-
tive consequences when cows are stocked at more than one cow to every availa-
ble stall, especially for subordinate cows or lame cows. Bringing animals indoors 
can have the benefit of protecting them from the extremes of climate, but cows 
housed indoors can still face environmental challenges, perhaps most notably 
hyperthermia. A considerable body of research has now developed on means of 
reducing the risks of excess heat on lactating dairy cows, including the use of fans 
and sprinkler systems.



Chapter 7
Housing for Growing Animals

1 Introduction

In the previous chapter, we dealt with the effects of housing on the welfare of adult 
cattle. In this chapter, we deal with housing for growing cattle. We cover a diverse 
range of housing systems, ranging from the individual crate for veal calves, through 
cow–calf herds, to the outdoor feedlots of North American beef cattle. We cannot 
hope to cover all of the diverse welfare problems that exist within this range of 
housing systems. Instead, as in the previous chapters, we concentrate on those “hot”
issues that have attracted most of the attention of researchers in animal welfare, such 
as housing for veal calves and indoor housing for beef production. As with the previous
chapter, readers must remain aware that research comparing housing systems is 
notoriously difficult to interpret. The welfare of animals in any type of housing 
system will depend upon the details of the system, including the management and 
nutritional regimes. This makes it difficult to make general statements about the 
effects of housing systems per se on animal welfare.

2 Calving Area

The type of housing used affects the welfare of the young calf from the moment of 
birth (Figure 7.1). At birth, calves are particularly susceptible to temperature 
extremes, both cold and hot, and thus often require some form of shelter or shade. 
Riley et al. (2004) reported that Brahman and hybrid Brahman calves born on 
days where the temperature was less than 5.6°C were twice as likely to suffer 
from poor vigour and 1.6 times more likely to die than calves born on days when 
the ambient temperature was higher. In cold conditions calving indoors would 
seem preferable. In Quebec, perinatal calf mortality over winter can be very high 
(> 10%) when calving outdoors, but indoor calving can reduce mortality by one 
third, as well as reduce the incidence of pneumonia (Ganaba et al., 1995). In 
warmer climates the season of calving has less effect on calf mortality (Sanderson 
and Dargatz, 2000), suggesting that shelter is less valuable. Calf mortality can 
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still be high in subtropical and  tropical regions but it is not known to what extent 
the hot climatic conditions  contribute to calf mortality. One study in Burkino 
Faso reported that 19% of live born calves die before the age of 12 months 
(Ganaba et al., 2002). Interestingly, these authors cited malnutrition as one cause 
of death of young calves (see Chapter 8) as cows from this region typically pro-
duce less than 1.6 L of milk per day and much of this is used for human consump-
tion and thus not available for the calf.

Regardless of climate, calving in an enclosed space may still provide some 
advantages for the health of the calf by helping farm workers supervise calving and 
intervene if necessary. However, because of their undeveloped immune system, 
newborn calves are highly susceptible to infectious diseases, and the risk of infec-
tion is increased in enclosed areas. In the USA, the risk of various calf diseases 
(diarrhoea, respiratory problems, etc.) in beef herds is higher when calving takes 
place in a confined area, such as a pen, shed, or dry lot, compared to calving on 
pasture (Sanderson and Dargatz, 2000). In dairy herds, diarrhoea (Frank and 
Kaneene, 1993), respiratory problems (Svensson et al., 2003), and the risk of 
Salmonella infections (Losinger et al., 1995) are lower when calving in individual 
calving pens versus group settings. In maternity areas, removal of soiled bedding 
can also help reduce the incidence of diarrhoea (Frank and Kaneene, 1993).

In general there is little information available on the effects of outdoor housing 
on the welfare of calves born outside. Clearly, environmental conditions such as 
extreme cold and hot weather, wind, and rain will play a significant role in the 

Figure 7.1 At birth, young calves are at their most vulnerable, being susceptible to cold and infec-
tion. To ensure their well-being, it is important to have a well-designed calving area that is clean 
and free from drafts. Allowing cattle to calve outdoors is generally associated with better hygiene 
and reduced periparturient morbidity and mortality. However, during inclement weather, the 
calves risk being exposed to cold. When cattle are housed indoors, most dairy farmers provide 
a separate “calving pen”. Letting cows calve in the same areas as other cows increases the risk of 
disease transmission and calf mortality-



 welfare of the newborn and the growing young stock and we encourage future work 
in this area.

3 Housing Separately from Mother

One criticism of modern veal production and dairying concerns the raising and 
housing of calves separately from their mothers. In general, calves raised for beef 
production remain with their mothers until weaning at approximately 6 months of 
age. However, with veal and most dairy production systems, the calves are sepa-
rated from the mothers soon after birth (Figure 7.2). Clearly, there are many factors 
that can affect the welfare of calves when they are separated from their mothers. 
Some of these factors are related to the nutrition of the calves and are dealt with in 
Chapter 8. However, some insights into the success of separate housing can be 
derived from comparisons of pre-weaning mortality rates.

Mortality rates tend to be similar in dairy and veal calves. Rates can be lower for 
beef cow–calf herds, although the difference is small with sizeable differences 
between surveys and countries (Table 7.1). There have been several large-scale 
 epidemiological studies of pre-weaning calf mortality in beef cow–calf herds 
and dairy herds, but fewer epidemiological studies are available for veal calves and 
these estimates are more difficult to assess because of a greater use of culling 
and antibiotics on veal farms than typically occurs on dairy or beef farms. Bearing 
these limitations in mind, it would seem that separation from the mother at birth 
could contribute to an increased calf mortality. However, there is much variation 
between farms of a similar type. For example, Losinger and Heinrichs (1997) report 
that nearly half the US dairy farms surveyed had mortality rates between 0% and 6%, 
which is comparable to beef cow–calf herds and substantially less than the national 
average of 9.4%. In Denmark, calf mortality on dairy farms has been reported to 
vary from 0.7% to 37.9% (Agerholm et al., 1993). Mortality rates on North American 
veal farms are reported to vary from 0% to 30% (Sargeant et al., 1994; Stull and 
McDonough, 1994). A recent study investigating the genetic and environmental influ-
ences on calf vigour at birth and mortality reported that management of non-genetic 
factors would result in far greater improvements in calf vigour and mortality than 
genetic selection (Riley et al., 2004). For example, these authors report that Brahman 
or Brahman cross calves with difficult births had 2.59 times greater odds of poor 
birth vigour and 12.9 times greater odds of death before weaning than calves born 
with no dystocia. Thus, it would seem that improved housing and management can 
reduce mortality of dairy and veal calves to a level that we would expect were the 
calves to have remained with their mothers. The relatively small impact of such early 
separation of the calf from its mother may reflect the relatively precocial state of the 
calf at birth.

A number of studies have reported behavioural consequences of early separa-
tion of calves from their mother, which may reflect welfare problems. However, 
these effects are probably as much due to nutrition as housing, and so we consider 
these in more detail in Chapter 8.
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Figure 7.2 In most developed countries, most calves raised for veal (above) or dairy production 
(below) are separated from their mothers soon after birth and housed in individual crates, pens, or 
hutches. This early separation and the use of individual housing (that provides no real social contact 
and only limited opportunities for movement) have been the focus of criticism from animal welfare 
groups. European Union legislation prohibits the use of individual housing for calves over 8 weeks of 
age. However, many farmers insist that individual housing for calves reduces the risk of disease



4 Housing for Unweaned Calves

4.1 Introduction

One of the most contentious issues in the raising of calves, and one that has 
attracted considerable criticism from the public at large as well as animal welfare 
groups, is the use of individual housing for unweaned calves. This is most common 
in the case of surplus male dairy calves raised for veal production, but is also com-
mon for dairy replacement heifers (Figure 7.2). Calves are housed in individual 
pens that prevent social contact, limit opportunities for movement and, in the case 
of veal production, may be too small to allow the calves to turn around. In some 
cases, calves are tethered. Largely in response to public pressure, the countries of 
the European Union (EU) effectively banned individual housing for calves over 8 
weeks of age, stimulating interest in group housing systems (Figure 7.3). Individual 
housing continues to be widely used in North America (Stull and McDonough, 
1994), although a number of veal producers in this region are now adopting group 
housing. Although the public focus has been upon calves kept for veal production, 
individual housing in a limited space is widely used in dairy production for 
unweaned replacement dairy calves. For example, the latest survey from the USA 
shows that 58% of dairy farms keep unweaned heifers in individual housing 
(USDA, 2002). In the case of calves reared for dairy production, however, there 
tends to be a wider range of options used by farmers compared to veal production. 
Unweaned dairy calves can be found at pasture with their mothers, in large or small 
groups either at pasture or indoors, in indoor individual pens, or in outdoor 
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Table 7.1 Published estimates of rates of pre-weaning mortality of calves kept for beef, dairy, 
and veal production

Type of production Country Mortality rate (%)

Beef (cow–calf) Canada 5.61

  Switzerland 6.32

  USA 3.73

Dairy USA 6.34

  USA 9.45

  UK 7.86

  Denmark 5.47

  Sweden 2.68

White veal (milk fed) Canada 8.89+

  The Netherlands 5.410+

  USA 5.811+

Red veal (grain fed) Canada 6.212+

1 Dutil et al., 1999;  2 B usato et al., 1997; 3 Sanderson and Dargatz, 2000; 4 Wells et al., 1996; 
5 Losinger and Heinrichs, 1997; 6 Esslemont and Kossaibati, 1996; 7 Agerholm et al., 1993; 8 Olsson 
et al., 1993; 9 Sargeant et al., 1994; 10 Smits and de Wilt, 1991; 11 Stull and McDonough, 1994; 
12 Sargeant et al., 1994; + Combined mortality and culling rates.
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Figure 7.3 The development of group housing systems for veal calves (above) and dairy heifers 
(below) has been driven by concern about animal welfare, the cost advantages associated with 
reduced labour needs and legislation. Comparisons of group housing systems with individual hous-
ing are complicated by the fact that group housing systems can vary greatly in the size of groups, 
the stocking density, the type of bedding, quality of ventilation, etc., all of which can affect the 
welfare of the animals. Epidemiological studies of dairy herds in the USA and Sweden have 
shown that calf mortality increases when group size is larger than 6–10 calves. However, in 
smaller groups, calf mortality is similar to that in individual housing

“hutches” (Figure 7.2), which may be wood or plastic, with the calves either locked 
inside the hutch, or allowed access to a small run.

Individual housing can have advantages for animal welfare, the largest being the 
reduced transmission of infectious diseases as a result of physical contact between 



calves. Furthermore, individually housed calves may be easier to observe and treat 
for signs of illness. Aggression between calves and competition over resources 
such as food is also limited with individual housing. However, there are also poten-
tial disadvantages with this practice. Most obviously, the calves are denied most 
forms of social contact and movement is restricted by the limited physical space 
that is usually provided. A substantial body of research has now assessed these 
advantages and disadvantages for calf welfare. Again, as in the case of housing for 
adult cows, the research is often not easy to interpret. Often comparisons are made 
between housing systems that differ in many respects, such as use of bedding, 
indoor versus outdoor housing, space allowance, etc. This makes it difficult to 
determine which variable is really most important. In many cases, important varia-
bles, such as the quality of the ventilation, are not described making it difficult to 
know how well the results can be generalized. Given these problems, it is perhaps 
not surprising that different studies sometimes report quite different conclusions.

4.2 Health Effects

Although individual housing is often recommended as a means of reducing disease 
transmission between unweaned calves, the research that has examined the relative 
health of calves housed individually or in groups has produced conflicting results.

Early epidemiological studies of veal calf housing systems did detect some 
health problems associated with group housing, but the relationship between group 
housing and morbidity was not straightforward. Webster et al. (1985a, b) examined 
14 veal farms that bought in male dairy calves for veal production. Some of the 
farms kept the calves in individual wooden crates while others kept them in straw-
bedded pens. The mortality rate (up to 16 weeks of age) was higher for the group-
housed calves (3.8%) than the individually housed ones (1.7%). It should be noted, 
however, that the mortality rate for the group-housed calves was lower than the 
4.2% average, and at the low end of the range of 0–30% mortality that is reported 
for veal farms in the USA that use individual housing (Stull and McDonough, 
1994). Thus the difference between farms that use the same type of housing system 
can be larger than the average difference between different types of housing 
 systems. Clearly some farmers can keep unweaned calves together in a group and 
attain a level of health as good as is found with individual housing.

Webster et al. (1985b) also noted a higher incidence of respiratory disease in 
calves that had been brought in from other farms and group housed rather than 
individually housed. This was especially evident during the first 2 weeks on the 
unit (31% for group housed vs. 0% for individually housed), but the relative 
 advantage of individual pens persisted until 10 weeks of age. However, when other 
farms were examined that housed dairy replacement calves born on the farm itself, 
the incidence of respiratory diseases was similar for group and individually housed 
animals. This suggests either that the effect of group housing on morbidity was 
specific to the types of group management used in veal production, or that there 
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was some interaction between the use of group housing and the bringing in of 
calves from other farms. The incidence of gastrointestinal (GI) disorders showed 
similar complexity. During weeks 0–2 the probability of having calves with GI 
disorders was higher for farms that group housed veal calves (71% of farms) than 
for farms that individually housed the calves (29% of farms). However, this differ-
ence had disappeared by 6–10 weeks. For farms with farm-born dairy calves, the 
same difference was apparent, but only for the farms that fed warm milk. Farms 
that group housed the calves but fed them cold, acidified milk had the same, low 
incidence of GI problems as farms that individually housed the calves. Furthermore, 
from 2–6 weeks the situation was the reverse; the incidence of GI tract disorders 
was higher on farms that used individual housing.

Together, these results suggest that health problems associated with group hous-
ing of veal calves may be specific to the particular management on the farm and 
may interact with the diet of the calves. More recent studies of veal calves reared 
in modern group housing tend to report very good health status and similar or 
improved growth rates compared to individual housing (Andrighetto et al., 1999; 
Xiccato et al., 2002).

Several large-scale epidemiological studies of health disorders in unweaned dairy 
calves fail to show a clear advantage of individual housing, although there is clear 
evidence that health problems can occur when group size is large. Group housing is 
not associated with an increased chance of calves being infected by E. coli O157 
(Rugbjerg et al., 2003), Salmonella (Losinger et al., 1995), or the protozoan parasite, 
Cryptosporidium parvum (Mohammed et al., 1999), although there is some evidence 
that group housing may increase the chance of Johne’s disease. A large-scale study 
of 1,685 dairy farms in the USA found that farms with unweaned calves in groups of 
seven or higher were more likely to experience high calf mortality (> 6%) than farms 
that individually housed calves. However, farms that kept the calves in groups of six 
or less had similar mortality rates to the farms with individually housed calves 
(Losinger and Heinrichs, 1997). The detrimental effect of large groups was also 
shown in a study of 122 dairy farms in Sweden (Svensson et al., 2003). The farms 
were classified according to whether the unweaned calves were kept individually, in 
small groups (3–8 calves fed milk manually) or large groups (6–30 calves fed with 
an automatic milk dispenser). The incidence of diarrheoa did not differ markedly 
between the type of housing, although the diarrheoa was rated as more severe (i.e. 
loss of weight or suppression of appetite for 2 days or more) in calves housed in large 
groups than for calves housed individually or in small groups. The incidence of 
 respiratory disorders was twice as high in calves in large groups compared to calves 
in small groups or in individual pens. In both cases there was no difference between 
calves in small groups and those in individual pens. Subsequent analysis of body 
weights (Lundborg et al., 2003) showed that calves in small groups recorded the 
highest gains, those in large groups experienced the smallest gains, and individually 
housed calves had intermediate results. More recent work has confirmed a higher 
incidence of respiratory disease in large groups (Svensson and Liberg, 2006).

These large-scale epidemiological studies throw doubt on the claim that individual
housing of unweaned calves is advantageous for their health, although they do 



indicate that there can be problems when the calves are housed in large groups 
(more than 6–8 animals). However, there are a number of weaknesses with these 
studies. First, they show average differences associated with the average farm, but 
this does not mean that such differences will inevitably be found on any one farm. 
For example, Kung et al. (1997) found fewer health problems on one farm when 
calves were kept in relatively large groups (12–15 calves) compared to calves kept 
in individual pens. Another problem with epidemiological studies is that use of 
group housing may be confounded with other management variables. For example, 
the group-housed veal calves studied by Webster et al. (1985b) were fed from a teat 
whereas the individually housed calves were bucket fed. The large groups studied 
by Svensson et al. (2003) differed from the small groups in the method of feeding 
(automated milk feeders vs. manual feeding) and in the age range of the calves: the 
authors suggest that the main disadvantage of the large groups was due to variation 
in calf age. Thus health effects reported in these studies may not be due to the size 
of the group per se.

To overcome these potential confounding effects, smaller-scale studies have 
isolated the effects of group housing by controlling for feeding or management. 
Hänninen et al. (2003) and Chua et al. (2002) examined the health and growth of 
calves kept either in individual pens or in group pens (with either two or four calves), 
but which were fed and managed identically. Neither study found a difference
in growth rates, and Hänninen et al. (2003) found that the incidence of diarrhoea 
was actually lower in the group-housed calves. Viral pathogens are often responsible
for causing enteric disease and the type of pen will have little effect on transmission 
of these organisms through the air (Wathes et al., 1988). In addition, some physical 
contact between calves still occurs at the end or top of pens or through slatted 
partitions of individual pens, allowing for disease transmission. Proper management
of housing systems (cleanliness, adequate ventilation, feeding), as well as calf 
immunity, are likely more important than housing system for disease. Thus, these 
controlled studies support the larger epidemiological studies in showing that 
unweaned calves can be kept in small groups without increased health problems, 
providing that housing, feeding, and management is appropriate.

4.3 Behavioural Effects

The most obvious behavioural effects of individual housing, which raise concern 
about the welfare of the animals, are the lack of opportunities for the calves to 
engage in social interactions, and the limited ability of calves to move. The latter 
will depend on the size of the space available, but generally calves kept in groups 
have a larger total area available, even when the space per animal is the same. The 
individual housing typically used in dairy production does not allow sufficient 
room for the animal to run or jump, while in commercial veal production, the crates 
often do not allow sufficient space for the animal to turn around. On the other hand, 
individual housing will reduce the incidence of aggressive behaviour and 
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 competition over resources such as food, and can prevent cross-sucking (Chapters 
4 and 8), all potential positives for animal welfare. Because of the importance of 
adequate rest and sleep for young calves (Chapter 4), researchers have also exam-
ined the effects of individual housing on the resting behaviour of calves; most con-
cern in this regard has been over the use of veal crates that may be too small to 
allow the animals to adopt the normal resting postures (Figure 7.4).

4.3.1 Social Behaviour

How much social behaviour do calves show, and how does the absence of social 
behaviour in individually housed calves affect their welfare? In one of the most com-
prehensive attempts to assess the effects of housing on calf behaviour, Webster et al. 
(1985a) visited 70 farms that housed unweaned veal and dairy calves in a number of 
different systems. The behaviour of 193 veal calves and 183 replacement dairy calves 
reared in groups and of 59 veal calves and 359 replacement dairy calves reared in 
individual veal crates or pens was observed. Because of the large number of calves 
involved, the amount of time that could be spent observing their behaviour was brief, 
limiting the reliability of the data. The animals were observed during 15-sec scan 
samples that were repeated at 5 min intervals, for a total of 4 h/day (but only during 
the day time) once at weeks 2, 6, 10, and 14. The group-fed calves spent between 1% 
and 2% of the time playing, fighting, or mounting. This was similar to that observed 
for “suckler” calves reared with their mothers, and did not change greatly with the age 
of the calves. This behaviour was prevented due to limited space in the veal calves 
kept in individual crates, but occurred with similar durations in the individually 
housed dairy calves. No details were given on the layout of the pens, but presumably 
pens used to house the dairy calves allowed some contact between animals. Both 
individual and group-housed calves spent about 1% of the time grooming other 
calves, but suckler calves spent less time engaged in this behaviour perhaps because 
of the absence of grooming by the mothers. Interestingly, vocalizations occurred more 
frequently among the individually housed calves than among group-housed or suckler 
calves, perhaps as a result of the social isolation (Chapter 4).

A comprehensive observational study was carried out by Chua et al. (2002) who 
carried out detailed observations (observations over 24 h, once per week for 
7 weeks) on calves that were housed either individually or in pairs. Again, the pair-
housed calves spent about 2% of the time engaged in social contacts.

What do these results tell us? First, even very young calves engage in social 
behaviour, but this takes up a fairly small percent of their time (less than 1 h/day). 
Second, housing calves individually does not prevent social behaviour from occur-
ring; some contact can still occur depending upon the layout of the pens. The fact 
that vocalizations are more common in individually housed animals, and that calves 
will work to gain access to social contact (Holm et al., 2002; Chapter 4), suggests 
that the social contact is important to them.

What are the consequences for the calves of the reduced opportunity for social 
contact when housed individually? An obvious possibility is that individually 
housed calves may not develop the social skills necessary to cope with group living 



Figure 7.4 Calves adopt a number of different postures when resting. Postures in which the head 
is resting on the ground or on the calf’s back or leg (top) are associated with rapid eye motion 
sleep. Postures in which the calf is lying on its side with its legs fully extended (middle) help 
thermoregulation. This is important for milk-fed calves that can generate much metabolic heat. 
Use of pens that are too small, such as on some veal farms (bottom), may prevent the calves from 
adopting these resting positions
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later on, being either more or insufficiently aggressive or more fearful of other 
calves. Earlier research showed that unweaned calves that had been reared individu-
ally show more exploration of unfamiliar calves when they are given the opportunity 
to make social contact (Dellmeier et al., 1985). More recent research has replicated 
this finding and has attempted to unravel the motivational changes that underlie this 
effect. Jensen et al. (1997) kept calves either in single pens or group pens for 3 
months. The calves were then subjected to an “open-field” test with an unfamiliar 
calf. The open-field test and the problems of its interpretation are discussed in more 
detail in Chapter 4. Individually housed calves had higher heart rates and showed 
longer latencies to approach the unfamiliar calf suggesting that these calves were 
more fearful. That this fearfulness was specifically of the unfamiliar calf, rather than 
of the enclosure itself, was shown by the fact that the individually housed calves 
took longer than the group-housed calves to enter the enclosure when the unfamiliar 
calf was present, but not when no calf was present. Although these results do indi-
cate that individual housing makes calves fearful of other calves, the effects appear 
to be short lived: when the calves were retested after a further 3 months of similar 
housing the effects of early housing were no longer present.

A subsequent study (Jensen et al., 1999) found some longer-term effects. Calves 
that had been either individually housed or group housed for the first 3 months of 
life and then kept in similar tie-stall housing after weaning were tested at 26 weeks 
of age by introducing them into a small area that contained an unfamiliar heifer of 
the same age. The heifers that had been housed individually as unweaned calves 
sniffed and mounted the unfamiliar heifer less and engaged in less mock fighting 
(interpreted as play) than heifers that had been group housed. There was no differ-
ence in the amount of agonistic behaviour (butting or withdrawing). Other research 
has indicated that individual housing of dairy heifers reduced their ability to com-
pete within groups later on (Broom and Leaver, 1978). Veissier et al. (1994) exam-
ined calves housed individually or in a group of eight animals until 14 weeks of 
age. At 14 weeks, all animals were placed in groups with unfamiliar animals. 
During the 2 h after mixing calves that had been individually housed showed more 
aggression (and less positive social behaviour such as playing or grooming) than 
the group-housed calves. However, when the mixing was repeated 5 weeks later, 
no differences were found. Thus individual rearing may reduce the calf’s ability to 
cope with strange animals during initial encounters but this is likely overcome by 
a few weeks of group living.

In general, use of individual housing for unweaned calves does influence how 
calves react to other calves, but the effects appear temporary. We have little evidence 
that individual housing has long-term effects on social behaviour that significantly 
affect the calves’ welfare.

4.3.2 Locomotion

Young, growing animals need exercise and there is considerable evidence from 
humans and laboratory animals that insufficient exercise can affect growth and 



health. Probably the greatest impact of individual housing for young calves on their 
welfare is in reduced opportunities for exercise. The amount of locomotion that 
calves show will obviously depend upon the amount of space available to them, but 
grouped calves usually have more total space available even though the amount of 
space per calf is the same. The presence of social companions can have a facilitat-
ing effect on locomotion: young calves play by running together from one end of 
the pen to the other. It is also likely that aggressive encounters among calves 
increases the amount of locomotion they show.

Although there are a number of reasons for expecting that calves kept in groups 
will, in general, have more opportunities to move around than individually housed 
calves, not all studies have found such a difference. For example, Webster et al. 
(1985a) noted that dairy and veal calves spent between 3% and 7% of their time in 
locomotion, regardless of whether they were housed in groups or in individual 
pens. That veal calves in crates showed as much locomotion as grouped animals in 
a pen may seem paradoxical. However, this study scored movements regardless of 
the type of locomotion: even veal calves in creates can pace backwards and for-
wards a few steps but this may not be equivalent to the running by grouped calves. 
Interestingly, suckler calves in a paddock spent about 10% of the day moving, sug-
gesting that the space allowance even in group pens may be restricting the calves’ 
locomotory behaviour. Since observations were only taken during daylight hours it 
is difficult to estimate how many hours per day the calves are active.

Other smaller-scale studies that have used more detailed observation have 
shown that individually housed animals tend to move less than grouped animals. 
Chua et al. (2002) compared individually housed calves and calves housed in pairs. 
The paired calves moved twice as much as the individually housed calves (1.43% 
vs. 0.64% of the day) despite the fact that the space allowance per animal was the 
same in each type (2.04 m/animal). Hänninen et al. (2003) compared individually 
housed calves (1.2 m/calf) with group-housed animals (4 calves with 8 m/calf) and 
found more movements among the group-housed animals (5.4% vs. 3.5%).

Unfortunately, the research that has examined locomotion in young calves does 
not provide enough information to enable us to draw firm conclusions about how 
the type of housing impacts on the calves’ ability to move around or to assess the 
likely effects upon the animals’ welfare. First, all studies to date have tended to 
lump together all forms of locomotion, so that taking a few steps backwards and 
forwards in a veal crate, is considered as the equivalent of running for several 
metres and jumping. It is unlikely that these different forms of locomotion are 
equally important for the calf. Furthermore, the amount of locomotion that occurs 
in pens will depend on the space provided, which may not be adequately described 
by the number of square metres per animal. For example, we suggest that calves 
are more likely to run and jump when housed in a long narrow space than they are 
in a square enclosure of the same dimensions. Calves may also have a greater 
incentive to move in some environments; for example, on pasture calves may 
move to access fresh grass, shade, or social companions.

What are the likely consequences for animal welfare of a reduced time spent 
moving? Individually housed calves will show more locomotion, especially 
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 running and jumping, when given the opportunity to do so (Dantzer et al., 1983; 
Dellmeier et al., 1985) suggesting that they are motivated to perform these behav-
iours. The most likely long-term effects on animal welfare would be poorer bone, 
muscle, and cardiovascular condition. We know little about the importance of exer-
cise for the health of growing calves, but there is a large body of research showing 
the health benefits of exercise on other species. The effect that the housing environment
of the calf has on later health of the cow needs more study.

4.3.3 Cross-Sucking and Aggression

One possible behavioural advantage of individual housing for unweaned calves is 
that this reduces the incidence of cross-sucking between animals. Cross-sucking 
can occur at a high frequency among group-housed, unweaned calves, although 
several studies have now shown that calves can be kept in groups with only a very 
low incidence of cross-sucking (discussed in Chapter 8). In any case, the incidence 
of cross-sucking appears to be more related to the way that the animals are fed 
(Chapter 8) and can be controlled by appropriate feeding techniques. In general, 
individual housing is neither necessary nor sufficient to prevent cross-sucking 
between calves.

Aggression also seems uncommon among unweaned calves (e.g. Webster et al., 
1985a; Veissier et al., 2001) and its incidence would not seem sufficient to justify 
individual housing. However, group-housed calves may still displace each other 
from important resources, such as food (see von Keyserlingk et al., 2004) or 
favoured resting locations. The ways that grouping calves can affect feeding behav-
iour are addressed in Chapter 8.

4.3.4 Resting Time

In view of the importance to growing animals of adequate rest and sleep, individ-
ual and group housing have been compared a number of times in terms of how 
long the animals lay down and in what postures they do so. One concern that has 
been raised about the use of individual housing, such as veal crates, is that the 
space provided is too little to allow the calves to lie down in normal sleep postures, 
especially as they age (de Wilt, 1985; Figure 7.4). On the other hand, group housing 
of calves may result in calves’ sleep being disturbed by other calves, and subordi-
nate calves being displaced from preferred resting locations. Again, the amount of 
sleep and rest that calves show in any housing system will depend upon the details 
of the system, such as the actual space allowance, type of flooring, etc., and so 
caution is needed to interpret the results.

In their large-scale study, Webster et al. (1985a) found that suckler calves reared 
with their mothers at pasture lay down for about 50% of the time at 2 weeks of age, 
decreasing to about 37% of the time at week 14. It should be noted that observa-
tions were made during the day when calves tend to be most active, and so the 



figures underestimate the daily total time that calves lay down. However, the suckler
calves provide a useful reference group to compare both group-housed and indi-
vidually housed calves against. In general, group-housed dairy and veal calves lay 
down somewhat longer – about 60% of the time during week 2, but individually 
housed veal and dairy calves spent about the same amount of time lying down as 
the suckler calves. Thus, grouping calves need not interfere with their overall rest-
ing time, and while individual housing reduces total rest time somewhat, this is 
similar to that observed with suckler calves. The largest difference between the 
different housing systems, however, occurred with the time spent lying flat on the 
side (Figure 7.4). This occurred between 2% and 5% of the time for suckler calves 
and between 1% and 3% for group-housed calves. However, this posture was never 
seen in the veal calves kept in individual crates probably because it was prevented 
by the small size of the crates (less than 0.7-m wide). This issue is discussed in 
more detail in Section 3.4 of this chapter.

More recent work by von Keyserlingk et al. (2006) reported that calves show a 
distinctive diurnal pattern in lying behaviour (Figure 7.5), underlying the importance
of 24-h observations. Chua et al. (2002) were able to follow calves 24 h/day, and 
both the individually housed calves and pair-housed calves were given the same 
space allowance (1.2 × 1.7 m), and this was adequate to allow the calves to adopt 
the normal resting postures. Flooring was also identical under the two conditions. 
In this study, individually housed calves were seen to lie down for 72% of the day, 
while pair-housed calves lay down for 70% of the day. We can conclude that resting 
time of calves is roughly similar whether group housed or individually housed, 
providing that the flooring is sufficiently comfortable and that the crate is wide 
enough so as to not physically prevent calves from adopting normal resting 
postures.

4.3.5 Conclusions

In conclusion, group housing for unweaned calves does not inevitably lead to 
increased health problems if the groups are small (7–10 animals) and well man-
aged. Calves are motivated to seek the company of other calves and individual 
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Figure 7.5 Diurnal pattern 
of lying time for milk-fed 
dairy calves (n = 6). These 
calves were 32 ± 4 days of age 
at the time of observation. 
Milk was available ad libitum 
from a teat, but fresh milk 
was provided twice daily at 
0800 and 1800 h. (Adapted 
from von Keyserlingk et 
al., 2006.)
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housing reduces the opportunities for social contact. However, the affect of this 
reduction on calf welfare is not well understood. Individual housing can influence 
how calves react to other calves, but the effects are temporary, and probably out-
weighed by the type of housing used after weaning. Because of the smaller total 
amount of space available to the calves, individual housing provides fewer oppor-
tunities for physical exercise, and this is likely to have a negative impact on the 
overall welfare of the calf. In general, calves rest adequately in both group and 
individual housing, provided that the calf has sufficient space to adopt the impor-
tant resting postures. Behavioural problems often claimed to be associated with 
group housing, that is, increased aggression, competition, and cross-sucking can be 
controlled by appropriate management. However, group housing for unweaned 
calves will not always improve or reduce the welfare of veal calves; this will 
depend upon the details of the housing system, such as the group size, the spatial 
density, the use of bedding, as well as management factors, especially those aimed 
at protecting calf health.

4.4 Dimensions of Individual Housing for Calves

The consequences of individual housing for the welfare of animals will, of course, 
depend upon the amount of space provided. Although space availability can affect 
both veal calves and dairy replacement heifers, research to date has focused largely 
on the veal crate. Individual housing normally limits the calves’ ability to walk or 
run, and it seems unlikely that under commercial conditions individual pens will 
ever be large enough to allow full expression of such behaviours. Hence, much of 
the research has focused simply on whether the individual pens are large enough to 
allow the animals to comfortably lie down.

Calves lie down in a variety of postures, either on their side or back, with the 
head supported by the neck or resting on the ground or body, and with the legs 
extended or not (Chapter 4; Figure 7.4). One of the most common complaints of the 
traditional veal crate is that it is too small to allow the calves, when older, to lie 
down with their legs outstretched. This is due not so much to the actual area of the 
crate as to its width, and this has been the focus of most research.

Veal calves housed in the traditional narrow crates appear to lie down as long 
as calves kept in group pens but are less likely to lie down with legs extended (de 
Wilt, 1985; Le Neindre, 1993; Stull and McDonough, 1994; Andrighetto et al., 
1999) or flat on their sides (Webster et al., 1985a). According to Webster et al. 
(1985a), adopting this posture helps the calves lose heat, and since milk-fed 
calves generate considerable metabolic heat, their inability to adopt this posture 
may cause problems for thermoregulation. de Wilt (1985) reports that crated 
calves spend less time lying with their heads turned back over their bodies. This 
last posture may be important for calves to sleep properly and preventing calves 
from adopting these postures may result in some REM sleep deprivation 
(Hänninen, 2007).



Researchers have tried to determine what size of crate is necessary to allow the 
calves to adopt their normal resting postures. Detailed observations of the amount of 
space taken by calves when resting suggest that in order to lie with legs outstretched, 
calves weighing 70–210 kg require 60–75-cm width (according to Van Putten, 1982), 
and calves weighing 170–300 kg require crates 80–95-cm wide (according to Ketelaar-
de-Lauwere and Smits, 1991). Webster et al. (1985a) also concluded that calves weighing 
more than 100 kg should be kept in crates at least 85-cm wide. Tennessen and Whitney 
(1990) report that for 4-month-old calves (135 kg), 60 cm is the average width required 
to lie with the head turned back, although some calves require up to 70 cm. However, 
Andrighetto et al. (1999) observed that calves in 60-cm-wide crates spent as long as 
grouped calves lying with their head laid back on their bodies.

Other work has indicated that even the larger of these sizes may be inadequate. 
Le Neindre (1993) noted that calves spent less time resting with all legs bent when 
kept in 65 versus 55 cm crates at 13 weeks of age, but this difference disappeared 
at 17 weeks of age. At this age, time spent resting with all legs bent was only 
reduced when crates were 1.1 m in width. Wilson et al. (1999) also noted that 
increasing the width of the crate from 56 to 76 cm did not affect the amount of time 
spent in various lying postures, although calves in 56-cm-wide crates could not 
stretch one or more legs while lying down.

It seems that for veal calves to adopt their normal resting postures throughout 
the growth phase, crates need to be at least 1-m wide. However, a survey of veal 
farms in California found that nine out of ten calves were kept in crates that had a 
width that varied between 48 and 55 cm (Stull and McDonough, 1994), and the Veal 
Quality Assurance Scheme of the American Veal Association now recommends a 
minimum width of about 66 cm (Schnepper, 2001). Despite the improvements that 
have taken place in the size of individual pens for veal calves, it seems that these 
are still too small to allow calves to adopt their normal resting postures.

Small crates seem to have little effect on the growth of the calves. Terosky et al. 
(1997) found no growth differences for calves kept in crates that were 56-, 66-, or 
76-cm wide. Either there is no effect of crate size, or all of the sizes studied were 
too small. Some studies have examined the effects of crate size on plasma levels of 
cortisol or immune parameters (e.g. Terosky et al., 1997; Wilson et al., 1999) but 
because of the difficulties interpreting these measures in terms of animal welfare 
(Chapter 3), we do not report these results here.

Much of the difficulty in assessing the effect of crate size upon the welfare of 
calves comes from the lack of information on why calves adopt the resting postures 
that they do. Although there are good reasons for assuming that some postures are 
important for thermoregulation or for the different phases of sleep (Figure 7.4), 
more research is needed on the functions of rest and sleep in calves, and the role of 
resting position in promoting adequate rest.

Finally, while most research has focused on the behavioural consequences of 
pen size, small pens can influence the welfare of calves in other ways. Recently, 
increased pens size has been found to be associated with a lower incidence 
of diarrhoea (Svensson and Liberg, 2006) and lower respiratory–disease–causing 
bacterial counts (Lago et al., 2006).
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4.5 Bedding and Flooring

In the previous chapter we showed that the lying surface is particularly important 
in promoting cow comfort. Traditionally, farm animals were provided with some 
sort of organic material for bedding, usually straw, but the recent trend is to reduce 
the use of such bedding, primarily because of labour costs involved in cleaning 
and because of concerns about hygiene. For example, dirty bedding can increase 
the incidence of diarrheoa (Frank and Kaneene, 1993) and of Cryptosporidium
infection (Mohammed et al., 1999). In some cases, animals are kept on bare con-
crete or wooden floors, usually slatted to allow the drainage of urine and feces. 
Concern about the effect of these surfaces on the welfare of calves has led to a 
number of studies.

For calves kept for white veal production, organic material tends not to be used 
because of the concern that bedding might be ingested and serve as a source of 
extra iron. Thus there has been considerable interest in finding alternative flooring 
for use in veal production. One alternative is slatted flooring, but veal calves kept 
on this surface suffer from knee injuries: Webster et al. (1985a) reported that 20% 
of veal calves kept on wooden slats had cut, swollen, or bruised knees, and far 
fewer injuries were observed on calves kept at pasture or on straw bedding. Milk-
fed veal calves housed in elevated crates with wooden slatted floors were reported 
to have better growth rates and spend less time standing up than calves in crates 
with sloping rubber covered floors (Verga et al., 1985). However, in this study, the 
pens with the different floors were in different barns with different ventilation sys-
tems, etc., making this finding difficult to interpret. When given a choice, calves 
spend longer lying on hardwood slatted floors compared to rubber-coated synthetic 
plastic slats (Stefanowska et al., 2002). On both flooring surfaces calves often 
slipped when standing or walking (an average of one slip every 15 min). Hänninen 
et al. (2005) found no difference in growth rates or in the amount of time spent 
lying down between calves kept in individual pens with solid concrete floors or soft 
rubber mats. Nor did the type of flooring appear to affect measures of the HPA axis 
activity or secretion of growth hormone (Hänninen et al., 2006). The importance of 
the softness of flooring probably depends on the weight of the animals: the lighter 
weight of young calves may explain why concrete or wooden flooring do not have 
the same negative effects for calves as they do for adult cattle. However, a clean 
dry surface will still be important, and the thermal protection of bedding may be 
especially important for young calves kept in cool conditions.

4.6 Outdoor Versus Indoor Housing

As with adult animals, growing cattle are increasingly being housed indoors with 
little or no outdoor access. Indoor environments might be expected to have some 
disadvantages for calf health since many animals are sharing the same airspace, 



increasing the risk of airborne disease. On the other hand, outdoor-housed calves 
are exposed to greater variation in environmental conditions such as hot and cold 
temperatures, wind and rain. There is little research on the effects of exposure to 
wind and rain, but there are a few studies that have compared indoor and outdoor 
housing. Unfortunately, as discussed in the previous chapter, variation in the design 
of indoor housing systems and differences in management among systems makes it 
difficult to conclude much about their relative advantages. In particular, the advan-
tages of indoor versus outdoor housing will vary greatly according to the type and 
quality of the ventilation system used and on the climate, making it difficult to draw 
conclusions.

In recent years, North American dairy producers have adopted outdoor hutches 
for dairy calves (Figure 7.2), and this is now the most common type of outdoor 
housing for dairy calves in the USA (USDA, 2002). A number of studies have 
compared outdoor hutches with indoor housing. Some studies have reported 
reduced disease and mortality and improved growth of dairy calves in outdoor 
hutches compared to indoor individual pens (McKnight, 1978; Fiems et al., 1998). 
However, one of these studies (McKnight, 1978) actually found lower growth in 
hutch-housed calves during winter months, and other work (Friend et al., 1985; 
Frank and Kaneene, 1993) has found no advantage to hutches in health and growth 
rates. One study (Kung et al., 1997) found higher morbidity (measured by days of 
medication) in dairy calves kept in hutches compared to group-housed calves 
indoors.

5 Housing of Weaned Dairy Cattle

After weaning, and (for heifers) before first calving, cattle are probably at their 
most resilient in terms of health status, suffering neither from the vulnerability of 
the unweaned calf, nor from the welfare problems associated with high milk pro-
duction that afflict the adult dairy cow. Perhaps for this reason, the welfare of these 
animals has largely been overlooked. The main exception concerns beef cattle des-
tined for slaughter, which is discussed in the next section.

The type of housing used for weaned cattle is highly variable, depending on the 
age of the animal and upon the type of production. Beef heifers kept for breeding 
are generally kept on pasture. For dairy heifers, the best available data come from 
the USA. Most farms (83%) provide weaned heifers with some access to outside 
areas, during some part of the year. Farms that provide outside access for weaned 
heifers are divided equally between those offering access to pasture and those offer-
ing access only to a dry lot (USDA, 2002). In contrast to unweaned heifers, weaned 
heifers that are kept indoors are kept mainly (88% of farms) in group pens, although 
a small number of farms keep them in tie stalls (7%) or individual pens (5%), or in 
free stalls (6%) (USDA, 2002).

The welfare of heifers housed in group pens will depend upon the details of the 
pen and housing. Few studies are available that have looked at these in any detail. 
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As in previous sections, space allocation is one obvious feature to consider. 
Aggression among heifers is not common, even when mixed with unfamiliar 
individuals (Veissier et al., 2001), but competition can occur. Grouping heifers by 
body weight may help limit these effects. Hindhede et al. (1999) found that 
weight gains of small heifers (130–250-kg body weight) were increased if ani-
mals were housed in small groups of similar weight compared to in larger groups 
mixed with larger animals. The opposite effect was found for the larger heifers 
(250–380 kg) suggesting that these were benefiting from the competition with the 
younger animals.

The type of bedding used can be important in affecting resting times. Heifers lie 
down more quickly and easily when housed on straw bedding compared to concrete 
floors (Müller et al., 1989). Any bedding that is provided obviously requires careful 
attention. Incomplete or irregular removal of bedding has been found to increase 
the risk of infection by Cryptosporidium parvum, a protozoa causing diarrheoa, 
anorexia, and general loss of condition (Mohammed et al., 1999).

Pregnant heifers are likely to experience fewer problems than lactating cows 
when kept in similar housing systems, given their smaller size and more modest 
energetic demands. For example, pregnant heifers housed in tie stalls or free stalls 
appear to have fewer hoof lesions and a lower incidence of lameness than lactating 
cows in similar housing systems (Bergsten and Frank, 1996). Some earlier experi-
ence with the adult housing system likely provides advantages later in life. 
Problems in the use of free stalls, for example, can be reduced by training heifers 
with stalls, and encouraging animals to enter these with food rewards and extra 
bedding (O’Connell et al., 1993).

Apart from these studies, very little research has examined the effects of housing 
on the welfare of weaned heifers. In general, dairy researchers have paid relatively 
little attention to heifers, even for factors important for production (Mourits et al., 
2000), and we encourage more research on the welfare and housing of these 
animals.

6 Beef Feedlots

6.1 Introduction

Beef cattle are kept in a wide range of housing systems, varying greatly from one 
geographical region to another (Figure 7.6). It is not the purpose of this book to 
discuss each type of housing system, or to elucidate all possible welfare problems 
associated with each. Recent publications contain useful descriptive information 
about beef production systems in Europe, Australia, and North America (USDA, 
2000; Scientific Committee on Animal Health and Animal Welfare, 2001; 
Petherick, 2005). Research to date on the effects of housing on the welfare of beef 
cattle has focused on only a few issues.



Figure 7.6 Beef cattle can be found in a variety of types of housing. Most common are the 
pasture-based systems, which are found in many parts of the world and are the most common for 
cow–calf herds (top). Indoor housing is common in European countries (middle), and the outdoor 
feedlots are more typical in the USA and Canada (bottom)
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In a number of countries, cattle raised for beef production are housed with their 
mothers while nursing (usually called “cow-calf” herds), but after weaning they are 
typically transported to large feedlots, mixed with cattle from other farms, and fed 
a high grain diet until they reach slaughter weight. These feedlots can vary from 
open, unsheltered areas, usually with a dirt floor and concrete or wooden feed 
bunks, to smaller, semi-enclosed pens, often with a concrete floor that may be solid 
or slatted. Within the feedlots, each pen can house tens or even hundreds of ani-
mals. The best data on feedlots comes from the Feedlot’99 survey done in the USA 
(USDA, 2000). In the USA, feedlots typically contain over 1,000 head, with 40% 
of feedlots containing over 8,000 head. The majority of animals are growing ani-
mals (56% steers and 42% heifers) from beef breeds: only 5% of animals are dairy 
breeds and only 2% are adult cows or bulls (USDA, 2000).

Given the large concentration of animals, and the apparently “unnatural” type of 
housing, it is not surprising that a number of people are concerned about the effect 
of these types of rearing systems on the welfare of the animals. Again, however, we 
must emphasize that extensive management of beef cattle can create its own set of 
welfare problems (Petherick, 2005). Other welfare concerns deal with acute treat-
ments, such as branding or dehorning, or the way that the animals are handled, as 
discussed in Chapters 5 and 9.

Health problems and disease represent probably the largest source of welfare 
problems. The overall mortality (from arrival until marketing) is estimated to be 
between 1% and 2% (USDA, 2000; Loneragan et al., 2001), which in relative terms 
may seem low, but these are young adult animals that should be at a stage of life 
where they are least susceptible to illness. Cattle in North American feedlots suffer 
from a variety of health problems, the most common being respiratory disease 
(57% of deaths), followed by digestive disorders, such as acidosis, liver abscesses 
and bloat (Loneragan et al., 2001). The incidence of respiratory disease in feedlots 
is high but varies greatly (5–44%) between years (Snowder et al., 2006). Nearly 2% 
of feedlot cattle suffer from lameness (USDA, 2000). Feedlot cattle suffer from a 
variety of bacterial and parasite infections, such as E. coli, Giardia, Cryptosporidium
(e.g. Smith et al., 2001; Ralston et al., 2003), and use of antimicrobial treatment is 
quite high: in the USA in 1999, 19% of feedlot cattle received injectable antimicro-
bials for disease treatment or preventative measures, while nearly 70% received 
antimicrobials in the food or water supply (USDA, 2000).

Respiratory disease appears to result from the stress from transport to the feed-
lot, as well as mixing with unfamiliar animals and unfamiliarity with the feedlot or 
the type of food (Loerch and Fluharty, 1999). The extent that the physical aspects 
of the feedlot may affect the incidence of this disease does not appear to have been 
examined. The digestive disorders most likely result from the ways that the animals 
are fed, especially the use of high grain diets (Galyean and Rivera, 2003) that are 
discussed in Chapter 8. However, Galyean and Rivera (2003) suggest that the inci-
dence of digestive disorders can be influenced by the social and physical environ-
ment. For example, the risk of acidosis is increased when there is a large variation 
in feed intake, and this variation could partly be affected by social dominance or 
aggression. Research is now needed to examine these effects and how they might 
be minimized by changes in housing and management.



The welfare problems of feedlot cattle are most obviously related to the physical 
and social environment, including temperature extremes, dust, dirty, or muddy 
pens, inadequate feed or water space, and high stocking density (e.g. Grandin, 
2002). However, other than work on temperature stress (especially heat stress), very 
little research has been published on these issues.

6.2 Temperature Stress

Beef feedlots are often found in warmer parts of the world, such as the south-western 
US. Given that the upper critical temperature for growing beef cattle is estimated at 
around 25°C (compared to a lower critical temperature of −35°C; Hahn, 1999) heat 
stress is more often a problem than cold stress. Cattle have a variety of behavioural and 
physiological mechanisms to adapt to changes in temperature, but marked increases in 
temperature that occur more quickly than the animals’ ability to adapt can cause serious 
problems. Heat waves occurring every 2–3 years in the southern and central US have 
been responsible for the deaths of thousands of feedlot cattle (Mader, 2003); as well as 
these obvious cases, heat stress no doubt causes considerable suffering to many millions 
of cattle. Considerable research has examined how heat stress on cattle can best be 
measured, and in finding means to reduce heat stress.

The heat load on cattle will reflect the relative balance of heat intake and heat 
loss. Heat intake is mainly from absorption of solar radiation and consequently cat-
tle with black hair appear to suffer more from heat than cattle with lighter hair 
(Mader et al., 2002; Da Silva et al., 2003; Brown-Brandl et al., 2006). Metabolic 
heat for the digestion of food can exacerbate the heat load, and one major means 
that cattle have of adapting to heat stress is to reduce feed intake. Heat loss occurs 
mainly through evaporative cooling so high humidity can interfere with evapora-
tive heat loss, and the danger of heat stress is highest with a combination of high 
temperature and humidity, quantified in the temperature–humidity index (Hahn, 
1999). However, heat stress will also depend upon wind speed and the amount of 
solar radiation, and effective monitoring systems need to include all of these, rather 
than relying on air temperature alone (Eigenberg et al., 2000).

The animals’ behavioural and physiological responses to heat can be measured 
and used to assess the effect of heat stress on the animals. The most direct measure 
is of core body temperature, which is usually assessed via rectal or tympanic tem-
perature. The latter is preferred since it reflects hypothalamic temperature. This is 
a central regulator of the animal’s responses to temperature changes and can be 
measured easily with data loggers attached to the animal (Hahn, 1999). Evaporative 
heat loss can occur through panting, and respiration rate is often used to assess ani-
mals’ responses to heat either visually or through automatic monitoring (Eigenberg 
et al., 2000). Hahn (1999) estimates that respiration rate of beef cattle increases 4.3 
breathes/min for every 1°C increase in temperature. Eigenberg et al. (2000) 
reported a linear correlation (r = 0.73) between respiration rate and temperature 
change within the range of 14–34°C. The degree of panting can also be assessed 
through whether the mouth is kept shut or wide open (Mader et al., 2002).
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From a production standpoint, the most important response to heat stress is a 
reduction of feed intake; however, this may not necessarily indicate a welfare prob-
lem if it allows the animals to adapt to the higher ambient temperatures by reducing 
the metabolic heat. With new technology, the time that the cattle spend at feed 
bunks can be monitored automatically and can detect reductions in feed intake due 
to weather conditions (Schwartzkopf-Genswein et al., 2003). A number of other 
behavioural changes also occur during heat stress: in particular, cattle appear to 
bunch up when temperatures rise (Mader et al., 2002). The function of this group-
ing behaviour is not clear. Under some conditions standing close together may pro-
vide some shade, but the close proximity of animals is also likely to reduce airflow 
and may increase heat load (Mader et al., 2002). Decreasing inter animal distances 
may simply be a general response to threat by herd animals. While changes in any 
of these parameters can be used to assess animals’ responses to temperature 
changes, the extent to which such changes can be taken as evidence of a welfare 
problem has not been resolved.

Certain aspects of the housing system can mitigate or aggravate heat stress, as 
reviewed by Mader and Davis (2004). Since heat stress results mainly from the 
direct exposure of the animal to solar radiation, the most logical way to reduce 
heat stress is to provide shade (Figure 7.7). A number of studies have shown posi-
tive effects of shade. For example, one study reported that when cattle were 
housed without access to shade, respiration rate increased 6.4 breathes/min for 
each 1°C increase in temperature, but when shade was available respiration rate 
increased by 1.6 breath/degree (Eigenberg et al., 2000). Pusillo et al. (1991) 
found improved feed intake, weight gains, and food conversion efficiency in 
 cattle in Iowa feedlots that were provided with 4.18 m2 of shaded area per animal 
compared to cattle housed in a similar pen without shade. However, the shaded 
area was in the form of additional space, and this extra space may have had some 
effects independently of the shade provided. In a more controlled study, Mitlohner 
et al. (2002) provided beef heifers in a feedlot in Texas with 2.12 m2/animal of 
shade using a galvanized steel roof. Animals with access to the shade showed 
improved feed intake, higher daily gains, higher resting times, and lower respira-
tion rates. These differences were likely due to temperature differences between 
treatments: in the shaded areas ground temperatures were far lower when no 
shade was available. The cattle used the shaded areas but feeding time was not 
reduced. The authors also noted a reduction in the amount of agonistic behaviour 
and “bulling”, but this was only apparent at certain times of the day. Examination 
of the carcasses after slaughter revealed a reduction in dark-cutting meat, perhaps 
due to a general reduction in stress or the reduced aggression and bulling. An 
earlier study showed similar advantages of shade on weight gain and feed intake 
for cattle housed in a feedlot with concrete slatted floors (Mitlohner et al., 2001). 
Although shade provides obvious benefits there seems to be reluctance in the beef 
industry to provide shade in feedlots. In the USA, only 14% of surveyed feedlots 
provided enough shade for all cattle and 65% provided no shade whatsoever 
(USDA, 2000).



There has been very little research on what types of shading structures are most 
effective. The physical structures used will affect not only solar radiation, but also 
air flow, humidity, and other factors. For example, windbreaks can provide some 
morning and afternoon shade for animals, but can also inhibit air circulation (Mader 
et al., 1999).

Figure 7.7 For beef cattle in outdoor feedlots heat stress can be a major threat to animal welfare, 
and has been responsible for the deaths of many thousands of animals. Heat stress can be allevi-
ated by providing some simple forms of shelter that protect the animals from direct solar radiation. 
However, even simple shade is often not provided, despite the demonstrated economic benefits
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An alternative approach to preventing heat stress is to increase heat loss. Heat 
loss is mainly via evaporative cooling, and structures that interfere with airflow can 
result in reduced weight gains and feed intake in summer months (Mader et al., 
1997). Under some conditions evaporative heat loss can be increased by spraying 
cattle with water. Experiments in controlled conditions have shown that wetting cat-
tle by overhead sprinklers can reduce tympanic temperatures during heat stress, 
although the temperatures rise rapidly once the sprinklers are turned off. Studies 
under more commercial conditions have not shown the same success. Mitlohner 
et al. (2001) found no effects on weight gain, feed intake, behaviour, or tympanic 
temperature of spraying a fine mist over the cattle (at a rate of 0.3 L/min). The 
authors suggested that the lack of effect may have been due to the very small size 
of the water droplets produced by the mister. Davis et al. (2003) turned on water 
sprinklers when morning temperatures predicted high heat during the remainder of 
the day. The sprinklers operated for 20 min every 1.5 h from 10:00 to 17:50. 
Tympanic temperatures were reduced, sometimes by almost a degree, at certain 
times of the day (generally between 14:00 and 19:00). Whether this effect was large 
enough to be of significance for the animals is not clear. There is some work also 
indicating that inconsistent cooling regimes may be detrimental to welfare. 
Gaughan et al. (2004) reported that heifers subjected to sprinkling as a means of 
cooling during heat stress conditions showed increased feed intake, decreased res-
piration rates and rectal temperatures on the days where the cooling treatments 
were applied. However, the cooled heifers tended to have increased rectal tempera-
tures and had higher respiration rates compared to non-cooled heifers on the days 
immediately following the treatment period (when no cooling was provided). The 
authors attributed these findings to inadequate adaptation to the hot conditions.

Perhaps because of the lack of suitable research to support the use of sprin-
klers, let alone how best these should be managed, they remain somewhat of a 
rarity in US feedlots (13% of feedlots provide sprinklers to all animals; USDA, 
2002). Chapter 6 discusses some of the issues associated with sprinklers used on 
dairy farms.

Some heat loss can also occur through conduction when animals lie down on a 
cool surface. One problem in feedlots without shade is that ground temperatures 
can be high, discouraging cattle from lying down (Mitlohner et al., 2002). Davis 
et al. (2003) reported that simply spraying the ground in feedlots with water 
reduced tympanic temperatures, but did not affect feed intake. Again, too little is 
known about the most effective times to provide cooler lying surfaces. Since meta-
bolic heat can contribute to heat stress, heat stress can be alleviated by changing 
feeding routines so that the peak metabolic load does not correspond to peak exter-
nal temperatures (e.g. Mader et al., 2002). This idea is discussed in Chapter 8.

In conclusion, heat stress can be a major welfare challenge for feedlot cattle in 
certain climatic zones. Heat load can be reduced by providing shade, but there is 
little research on the best ways of providing shade, let alone other methods of 
reducing heat stress such as sprinklers for evaporative cooling or modifying the 
lying surface to increase conductive heat loss. Perhaps because of the very low 
critical temperature for beef cattle (Hahn, 1999) there has been less concern about 
the effect of cold stress, and certainly less research. However, unexpected cold 



weather, such as early snow storms, have been responsible for the deaths of tens of 
thousands of feedlot cattle in the USA (Mader, 2003). Over 72% of the feedlots in 
the USA provide some form of windbreak to protect the cattle against strong winds 
(USDA, 2002), although research to date has failed to show any clear advantages 
to providing windbreaks (Mader et al., 1997).

6.3 Research on Other Welfare Problems in Feedlots

Compared to the effects of heat stress, other welfare effects of the physical or social 
environment in feedlots have received much less attention. The stocking density 
and group size within a pen would be expected to affect welfare, but surprisingly 
we were not able to find any published articles in scientific journals that have exam-
ined this in a controlled fashion. Pusillo et al. (1991) report higher feed intake, 
weight gains, and food conversion efficiencies in feedlot cattle housed at a density 
of 16 m2/animal, compared to those housed at a density of 2 m2/animal in a more 
enclosed pen. However, these pens differed in flooring, feeder, and water space, and 
degree of exposure to the outside, making it difficult to know which factors were 
important.

One type of social behaviour that has received some attention is “bulling”, when 
one or more animals repeatedly mount other animals. Bullers (the animals that are 
mounted) can suffer from bruising and appear more likely to become sick and die 
from respiratory disease (Taylor et al., 1997b), although why this happens is not 
clear. Bulling is increased if intact males are present within the pen, and often peaks 
when new cattle are mixed into the pens (Taylor et al., 1997a). However, the effects 
of stocking density, or the relation with social dominance do not appear to have 
been adequately explored. Aggressive behaviour between animals and effects of 
social competition for feed and water would seem important in feedlots and most 
likely depend upon the density of animals within the pen; more research needs to 
be directed at these potential problems.

For cattle in outdoor feedlots, flies appear to be a particular problem. Increased 
exposure to biting flies such as stable flies (Stomoxys calcitrans) and horn flies 
(Haemtobia irritans) can reduce feed intake, weight gains, and increase rectal tem-
perature (Presley et al., 1996; Catangui et al., 1997; Campbell et al., 2001). 
Campbell et al. (2001) have calculated that the presence of only a few stable flies 
reduces weight gain, which becomes economically significant when there are more 
than five stable flies on each animal. Flies can be controlled by spraying cows with 
insecticide or use of ear tags impregnated with insecticide. For example, work from 
the University of Nebraska reported an 80% reduction in horn flies on cows’ ears 
tagged with tags impregnated with insecticides and pastured outdoors (Campbell 
et al., 2006). Stable flies breed mainly around feed areas (Skoda et al., 1991) and 
cleaning of feedlot pens and feed bunks can reduce their numbers (Thomas et al., 
1996). Some form of fly control in feedlots is essential to maintain good welfare.

Mud in feedlots is often cited as a major welfare problem (e.g. Grandin, 2002); 
as well as increasing the incidence of fly problems, muddy pens are associated with 
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an increased prevalence of E. coli O157:H7 in fecal samples (Smith et al., 2001). 
From research on dairy cattle, it seems likely that muddy pens increase the inci-
dence of lameness and reduce resting times, but neither of these effects has been 
examined in beef feedlots.

6.4 Conclusions

In general, compared to other forms of animal production, there has been little 
research on welfare issues in beef feedlots. The relatively high incidence of respira-
tory diseases and liver abscesses suggest that these welfare problems are substan-
tial. Most research has focused on welfare issues that are of major economic 
importance, such as heat stress and respiratory diseases. We know little about the 
incidence of behavioural problems, such as those associated with social competi-
tion that may have less obvious economic effects.

7 Indoor Housing of Beef Cattle

7.1 Introduction

The type of housing for beef cattle that has attracted most attention in terms of 
research on animal welfare, is the use of indoor housing, especially group housing 
on slatted floor pens. This is common in northern European countries, but less com-
mon in North America and elsewhere. The majority of research has focused upon 
two particular issues: the spatial density at which animals are housed and the effects 
of the slatted floors.

7.2 Social and Spatial Density

The effects of space allowance on the welfare and performance of fattening beef cattle 
in indoor housing have been reviewed by Ingvartsen and Andersen (1993) and the EC 
Scientific Committee on Animal Health and Animal Welfare (2001). The most obvi-
ous behavioural effect of restricted space is reduced time spent lying down, and this 
reduction is found whenever space allowance is reduced below 4 m2/animal (Scientific 
Committee on Animal Health and Animal Welfare, 2001). Occasional studies also 
report increases in aggressive behaviour, increases in oral stereotypies, disturbances 
of animals lying down, or an increase in abnormal movements when getting up and 
lying down. Many studies show a reduction in weight gain of fattening beef cattle 
(due to a combination of reduced feed intake and reduced feed conversion efficiency) 



when space allowance is decreased (Ingvartsen and Andersen, 1993; Scientific 
Committee on Animal Health and Animal Welfare, 2001). Ingvartsen and Andersen 
(1993) calculate that optimum growth rates of beef cattle weighing between 250 and 
500 kg are achieved at space allowances about 4.7 m2/animal. For cattle between 100 
and 300 kg, Andersen et al. (1997) found a steady increase in feed conversion effi-
ciency and growth when space allowance was increased from 1.8 to 3.1 m2/animal. 
Although some studies report reduced growth rates when feeder space is reduced 
(Scientific Committee on Animal Health and Animal Welfare, 2001), reduced feeder 
space (to one space per five animals) has not been found to have consistent effects on 
growth rates, as long as animals are ad lib fed (Andersen et al., 1997). Reduced space 
allowances have also been reported to increase the incidence of tail tip necrosis, while 
mortality rates dropped from 2% to 0.5% as space allowance increased from 2.5 to 
3.5 m2/animal (Scientific Committee on Animal Health and Animal Welfare, 2001).

Other health problems have been less studied: Andersen et al. (1997) reported 
a high incidence of hoof and limb disorders and pneumonia but found no effect 
of space allowance (when varied between 1.8 and 3.1 m2/animal). Expert veteri-
nary opinion is that inadequate space allowance is an important risk factor for 
bovine respiratory disease (van der Fels-Klerx et al., 2000). Reduced space allow-
ance leads to dirtier animals (Andersen et al., 1997). No consistent effects of 
space allowance on physiological or immune parameters have been found 
(Scientific Committee on Animal Health and Animal Welfare, 2001).

7.3 Type of Flooring

Given the importance of rest and sleep, the welfare of young animals in any type of 
housing system will likely be affected by the type of flooring on which they must 
stand and lie down. As discussed elsewhere in this book, farm animals are generally 
provided with some sort of organic material for bedding, but a recent trend is to 
reduce the use of such bedding, primarily because of labour costs involved in clean-
ing. In many cases, animals are kept on bare concrete floors, often slatted to allow 
the removal of urine and faeces. Concern about the effect of flooring on the welfare 
of the animals has led to a number of studies that have examined the effect of floor-
ing type, with a particular emphasis upon slatted floors.

For young beef cattle, the EC Scientific Committee on Animal Health and 
Animal Welfare (2001) concluded that use of slatted floors, compared to the provi-
sion of straw bedding, resulted in reduced duration of lying down, reduced fre-
quency of lying, more frequent interruptions of lying down, and an increase in 
abnormal movements when standing up or lying down (rising in front legs first or 
lying down first on hind quarters). This suggests that slatted floors make lying 
down and standing up uncomfortable possibly as a result of injuries to the legs, 
especially the carpal joints. Use of rubber mats reduces the incidence of abnormal 
standing up and lying down (Scientific Committee on Animal Health and Animal 
Welfare, 2001). Finishing beef steers allowed to choose between pairs of pens

6 Indoor Housing of Beef Cattle 209



210 7 Housing for Growing Animals

 differing in lying surface ranked the floors in the following way: straw > sawdust
> rubber mats > slats with rubber mats > concrete slats. The preference was most 
evident in the time spent lying down on the different surfaces, although a similar 
trend was seen in time spent standing (Lowe et al., 2001b).

Two of the most serious welfare problems of intensively housed fattening bulls 
are leg injuries and lameness and tail tip necrosis. Bulls kept on slatted floors were 
found to have higher mortality and culling rates (6%) compared to bulls kept on straw 
(2%) and a higher incidence of lameness (16% vs. 14%). Use of rubber mats reduces 
the incidence of injuries to the legs. Use of sloping solid concrete floors, as opposed to 
slats, slightly reduces the incidence of mortality and culling rates (to 4%) but appears 
to increase the incidence of lameness (Scientific Committee on Animal Health and 
Animal Welfare, 2001). Necrosis of the tip of the tail, probably resulting from tramping 
on the tail, is more common when concrete slatted floors are used compared to straw 
bedding (Scientific Committee on Animal Health and Animal Welfare, 2001). Use of 
slatted concrete floors, whether or not they are covered with rubber, results in dirtier 
animals than straw bedding (Lowe et al., 2001a), although feed intake and growth are 
usually not affected by flooring (Ingvartsen and Andersen, 1993; Hindhede et al., 1999; 
Lowe et al., 2001a). There appears to be no work to date on the effect of flooring type 
on locomotion in growing cattle and we encourage future work in this area.

In conclusion, use of fully slatted concrete floors leads to a reduction in the wel-
fare of fattening bulls. Straw bedding appears to be the best surface, but other soft 
flooring surfaces such as rubber mats do provide some improvements. Increasingly, 
research on flooring and lying surfaces is being conducted for intensively housed 
dairy cows, and many of the findings from this work may also be applicable for 
these indoor-housed fattening bulls.

8 Conclusion

In this chapter on the housing of growing cattle we continue to argue that welfare 
in any type of housing will depend upon the details of the system, including the man-
agement and nutritional regimes. Research to date on the welfare effects of housing 
for growing cattle has focused on two areas of concern: confinement housing for 
the milk-fed dairy and veal calf, and indoor housing for growing beef cattle. For the 
unweaned dairy calf, much research has concentrated on the effects of group housing. 
This has shown that keeping calves in groups can provide calves with increased space 
and opportunities for social interactions. Group housing can result in increased risk 
of disease, but this risk can be minimized with small groups. For growing cattle reared 
indoors, disease and injuries are minimized when using low stocking densities 
and soft flooring materials (such as rubber) or bedding. In other respects, the effects 
of housing on the welfare of growing cattle have been under-researched. In particular, 
very little is known about how the well-being of weaned calves and feedlot cattle is 
affected by the various ways that they are housed. Other research priorities include 
work on the function of different resting postures for calves housed in stalls, on 
effective designs for shade cattle kept outdoors.



Chapter 8
Feeding and Nutrition

1 Introduction

Obtaining adequate food and water is essential for survival. Even when intakes are 
sufficient to keep the animal alive, low intakes can cause hunger or thirst, and 
chronically low intakes can threaten immune function. An inadequate balance of 
food types or nutrients can cause problems, as can supplying food in a way that 
does not meet the animal’s behavioural requirements.

In many modern production systems, cattle are completely reliant on people to 
provide them with food and water. The science of animal nutrition has focused on 
providing diets with the correct amount of energy and the correct balance of essential
nutrients to maximize growth or milk production. However, a considerable body of 
research into feeding motivation of animals (see Chapter 4) shows that the moti-
vational controls on feeding are complex and that freedom from hunger requires 
more than proper nutrient intake. Unfortunately, very little is known about the con-
trols of feeding motivation in cattle. We argue that research in this area has not 
sufficiently taken into account the impact of particular diets and feeding practices 
upon the welfare of the animals.

The focus of this chapter is not cattle nutrition per se. Moreover, we do not 
attempt to cover all aspects of how feeding and nutrition could affect animal 
welfare. Rather we discuss some ways in which feeding practices can have major 
effects on cattle welfare. Topics include provision of milk and colostrum to young 
calves, the process of weaning, feeding issues associated with veal calf production 
and problems associated with diets aimed to increase production of intensively 
managed dairy and beef cattle.

2 Unweaned Calves

The nutritional challenges facing milk-fed calves differ between dairy or veal 
production, in which calves are most commonly separated from their mothers at 
birth and fed milk by people, and calves raised for beef production, in which calves 
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commonly obtain milk exclusively from their mothers. As mentioned in Chapter 2, 
the incidence of disease and mortality among milk-fed dairy and veal calves can be 
high. The nutrition of calves and the feeding management system used have an 
important influence on their health and welfare.

2.1 Colostrum

Colostrum feeding can have a large influence on calf health. Colostrum is the milk 
secreted by the cow during the first 24–36 h after birth (Weaver et al., 2000). The 
importance of an adequate intake of colostrum has long been known but surveys 
continue to report that large numbers of dairy calves still receive either inadequate or 
minimally adequate levels (USDA, 2002; McGuirk and Collins, 2004). An inadequate 
intake of colostrum is not a problem only for dairy calves: Filteau et al. (2003) found 
evidence of inadequate colostrum intake in 19% of suckled beef calves.

An inadequate intake of colostrum can influence the health of calves in many 
ways. Most obviously, colostrum is the only source of energy and nutrients for the 
newborn calf and starvation of the newborn remains a serious welfare problem in 
extensively managed cattle (Mellor and Stafford, 2004). Furthermore, colostrum 
includes substances that increase the metabolism and digestive processes of the 
calf. Hormones and growth factors are present in colostrum, stimulating protein 
synthesis, cell division, and growth (Blum and Hammon, 2000).

Perhaps the greatest importance of colostrum is in providing the calf immune 
protection. Although the calf is born with a functional immune system and it is 
able to react to certain antigens, the immune system is considered as “naive” 
because it does not yet operate at an optimal level (Franklin, 2004). Colostrum 
contains antibodies, known as immunoglobulins (Ig) that are large glycoprotein 
molecules that constitute the main protection against diseases. The Ig contained 
in colostrum are absorbed into the calf’s blood and this mechanism for acquiring 
immunity from colostrum is known as passive transfer. The Ig obtained in this 
way protect the calf until its own immune system becomes fully functional at 
around 3–6 weeks of age (Franklin, 2004).

The ability of the calf to defend itself against infectious diseases is directly 
related to the amount, quality, and timing of colostrum intake. The result of inade-
quate colostrum intake is a low concentration of circulating Ig in the blood of the 
calf, a condition known as “failure of passive transfer” (FPT). FPT can be defined as 
a calf’s blood-serum concentration of IgG less than 10.0 g/L (McGuirk and Collins, 
2004). A number of studies have documented the close association between inade-
quate colostrum intake, FTP and increased mortality or morbidity of both beef and 
dairy calves (Rea et al., 1996; Filteau et al., 2003; Dewell et al., 2006). According 
to Wells et al. (1996), 31% of calf deaths during the first 3 weeks of life could have 
been prevented if colostrum feeding had been adequate (Wells et al., 1996). Even 
where death is avoided, there can be long-term effects of an inadequate colostrum 
intake: calves with FTP have lower body weights 6 months later (Dewell et al., 2006).



Colostrum-derived antibodies can remain active for many months (Munoz-Zanzi 
et al., 2002). Clearly, an inadequate intake of colostrum and too low levels of Ig in 
the blood represent a major risk factor for poor welfare of newborn calves.

Any environmental, nutritional, or management factors that affect colostrum 
intake increase the risk to the calf’s health. Factors that influence the passive transfer 
of Ig from colostrum to the calf have been well documented (Weaver et al., 2000; 
McGuirk and Collins, 2004). The success of passive transfer is subject to two main 
limitations: (1) the small intestine of calves at birth is permeable to the Ig present in 
colostrum, but this permeability is gradually lost within the first 24 h of life (Weaver 
et al., 2000) and, (2) the amount of Ig in the colostrum varies with age, parity, health, 
and other factors, such as the nutrition of the pregnant cow (Quigley and Drewry, 
1998). Generally, the recommendations are that the calf must have its first meal of 
colostrum before 12 h post-partum, the Ig content of the colostrum must be of high 
quality, and the calf must receive 4–6 L of colostrum in the first 12-h post-partum 
(Davis and Drackley, 1998). The timing of the first intake of colostrum is particularly 
important: the transfer of Ig across the gut epithelium of the calf is optimal in the first 
4 h and decreases 12 h after birth (Weaver et al., 2000). Even a 30 min delay has been 
found to reduce the concentration of Ig in the calf (Rajala and Castrén, 1995).

Most beef cattle obtain their colostrum through suckling their mother and many 
dairy farmers also leave the calf with the cow for a period of time to allow it to 
suckle colostrum (Figure 8.1).

Figure 8.1 A calf suckling from its mother. This appears the most natural way for calves to feed 
and calves reared by their mothers are often in better health than those reared artificially, although 
this is not invariably the case. However, problems can occur. Allowing calves to suckle is not a 
reliable way of ensuring adequate colostrum intake. Cows vary in the quality of the colostrum 
they produce and calves may have difficulties suckling. Calves that are not also hand-fed colostrum 
have been shown to have a greater risk of failed passive transfer and a greater risk of diarrhoea
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Unfortunately, this is not a reliable way of ensuring adequate colostrum intake. 
Franklin et al. (2003) compared calves that were allowed to suckle freely from their 
mothers with calves that were removed from their mothers and fed colostrum by 
bottle. The concentrations of serum proteins (a way of estimating Ig content) were 
lower in the nursed calves. This reflects a combination of factors, such as differ-
ences between cows in the Ig content of colostrum and differences between calves 
in their success at suckling. When dairy calves were left with the cow for 24 h, 
almost a half were found to suffer from FTP (Wesselink et al., 1999). Perhaps as a 
result of the low colostrum intake, calves that obtain their colostrum only by suck-
ling suffer from a higher incidence of diarrhoea (Svensson et al., 2003). Some 
hand-feeding of colostrum therefore is essential to ensure the welfare of the calves. 
However, care must be taken to ensure that the colostrum fed this way has not 
become contaminated: some recent surveys report high levels of bacterial con-
tamination of colostrum fed to dairy calves (e.g. McMartin et al., 2006).

Furthermore, there is some intriguing evidence that the presence of the mother 
may actually help the calf absorb Ig from the colostrum. Stott et al. (1979) found 
higher Ig absorption in suckling calves than bucket-fed calves, even when the 
amount and timing of colostrum ingestion was controlled for. The authors suggest 
that some factor in colostrum that speeds Ig absorption was lost when colostrum 
was stored. An alternative explanation, however, is that the presence of the dam 
alone may influence the calf’s ability to absorb Ig from colostrum: Fallon et al. 
(1989) and Selman et al. (1970) found that bucket-fed calves absorbed more Ig 
from colostrum if the dam was present. Some producers tube feed colostrum in 
order to ensure adequate intakes in calves. No research has addressed if this tube 
feeding affects Ig absorption or has other affects on calf welfare.

2.2 How Much Milk Should Calves be Fed?

The welfare of milk-fed calves depends on how much milk they drink and how they 
obtain the milk. Extensively reared calves can die from insufficient milk intake 
(Mellor and Stafford, 2004). Although this rarely occurs among intensively man-
aged calves, inadequate intakes can reduce immune function, and calves fed low 
volumes of milk often lose or fail to gain weight during the first weeks of life 
(Hammon et al., 2002; Jasper and Weary, 2002). Inadequate milk consumption is 
normally more of a problem for calves that are reared apart from their mothers than 
for calves that can suckle from the cow.

Under natural conditions, cows leave their calves in groups from about 2 weeks 
of age and usually continue to nurse calves for more than 6 months (Phillips, 1993). 
On most intensive dairy farms, however, calves are separated from their mothers 
within 24 h of birth and then fed milk by bucket or bottle until 4–10 weeks of age. 
A number of studies report lower incidence of mortality and morbidity among 
suckling calves than among calves reared separately from their dam (Rajala and 
Castrén, 1995; Webster et al. 1985b; Krohn, 2001; Chapter 2).



In some cases, the problems of hand-fed calves arise from the quality of the milk 
or milk replacer that they are fed. A recent report found lower morbidity and mortality 
among calves fed whole milk than calves fed milk replacer, although this difference 
may also have been due to the calves fed whole milk receiving greater quantities 
(Godden et al., 2005). Whole milk has a higher energy content and better balance of 
nutrients than some commercial milk replacers (Davis and Drackley, 1998). 
Furthermore, whole milk contains a variety of hormones and growth factors that may 
be important for calf health but which are not incorporated into milk replacer.

The quantity of milk fed may also be inadequate. Milk-fed dairy calves are usu-
ally fed a small amount of milk, which is substantially less than what they normally 
drink during a nursing or when milk is available ad lib (e.g. Jasper and Weary, 
2002; Hammon et al., 2002; Hepola, 2003). For example, de Passillé and Rushen 
(2006a) showed that dairy calves that were allowed to nurse from their mothers 
drank 6–14 L per day while in North America it is common for dairy calves to 
receive only 10–15% of their body weight in milk, which is roughly 4–6 L of milk 
a day. The optimal amount of milk for a calf will obviously vary with a number of 
factors such as ambient temperature (e.g. Schrama et al., 1993). However, there is 
increasing evidence that the amount of milk generally fed to calves is not sufficient 
to satisfy their hunger and ensure optimal growth and development. A series of 
recent studies (Appleby et al., 2001; Diaz et al., 2001; Jasper and Weary, 2002; 
Khan et al., 2007) have now shown that the growth rates of calves can be greatly 
increased by feeding higher amounts of milk (Figure 8.2).
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Figure 8.2 When dairy calves are 
 provided ad libitum access to milk they 
typically drink much more than the 4–6 L 
per day these animals are conventionally 
limit fed. For example, when Jasper and 
Weary (2002) provided ad libitum milk 
calves averaged almost 10 L per day, 
resulting in much higher weight gains for 
these calves, and this growth advantage 
was maintained even after weaning at 
35 days of age (Figure adapted from 
Jasper and Weary, 2002.)
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These improved weight gains are often associated with improved feed conversion
efficiency (Van Amburgh et al., 1999; Diaz et al., 2001), although some studies 
have reported lower feed conversion efficiencies (Hammon et al., 2002; Hepola, 
2003). Higher growth rates of ad libitum fed calves occur during the first weeks of 
life (Hammon et al., 2002), a period when conventionally fed calves show little 
weight gain and when health risks are high. When weaned off milk, calves fed 
higher quantities of milk can show a slight check in growth over the following week 
(Hepola, 2003), but normal growth soon recommences and they maintain their 
weight advantage over the conventionally fed calves (Jasper and Weary, 2002). 
Furthermore, there is evidence that the low amounts of milk do not adequately 
decrease feeding motivation, and probably leave the calves feeling hungry. Calves 
fed small amounts of milk a day make many more visits to the milk feeder, suggesting
that they are still hungry (Hammon et al., 2002; Jensen and Holm, 2003; De Paula 
Vieira et al., 2007).

There is, however, some controversy regarding the effects of higher milk rations on 
diarrhoea. Quigley et al. (2006) claimed that calves fed additional amounts of milk 
replacer had a longer duration of diarrhoea episodes. However, in this study, calves that 
did not voluntarily drink all the milk allocated were force fed, and force feeding itself 
in known to increase the risk of succumbing to disease (Johnson, 1998). Furthermore, 
many other studies have shown that the incidence of diarrhoea is not affected by milk 
intake (Appleby et al., 2001; Jasper and Weary, 2002; Chua et al., 2002; Diaz et al., 
2001; Hammon et al., 2002). In fact, Khan et al., (2007) recently showed that feeding 
higher quantities of milk actually reduced the incidence of diarrhoea.

In response to the welfare concern that calves fed restricted amounts are hungry, 
a growing body of research has focused on determining the effects of feeding more 
milk as well as exploring alternative feeding systems that allow calves to express 
more natural sucking behaviours.

2.3 How Should Milk be Fed?

On dairy farms in industrialized countries, calves are typically provided milk from a 
bucket and thus are unable to perform their natural sucking behaviour (See Chapter 4). 
Calves can also be fed milk through a teat, allowing the calves to suck. Teat-based 
milk feeding systems vary from simple arrangements where calves drink from teat 
bottles or buckets fitted with a teat, through feeding stations with multiple teats 
connected to a milk reservoir, to computer-controlled feeders (Figure 8.3).

Research has documented a number of potential advantages to allowing calves 
to suck for their milk. First, sucking behaviour itself appears to contribute to satiety 
(Rushen and de Passillé, 1995; Chapter 4) and influences the secretion of insulin 
and CCK, hormones that have been shown to be important for digestive function 
and satiety (de Passillé et al., 1993; Lupoli et al., 2001). Calves that suck for their 
milk have been shown to lie down sooner and sleep for longer than calves drinking 
from a bucket (Veissier et al., 2002). There is some evidence that heart rates are also 



Figure 8.3 Feeding systems for dairy calves range from simple bucket feeders (above), which are 
cheap and easy to clean but do not allow the calves to suck for their milk, to complex computer-
controlled milk feeders (below), which are expensive but reduce the labour necessary to look after 
calves and allow calves to drink milk in a more natural manner
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lower among teat-fed calves (Veissier et al., 2002). Second, sucking milk through 
a teat has also been shown to reduce non-nutritive sucking (i.e. sucking on parts of 
the pen, etc.), partly because sucking milk from a teat increases overall feeding time 
(Appleby et al., 2001), especially if the teat has a small orifice to reduce flow rate 
(Haley et al., 1998). Group-housed calves normally show less cross-sucking when 
fed from a teat (see next section).

Computer-controlled milk and grain-feeding systems were developed in the 
early 1980s and are now widely available. There are many advantages of using 
automated feeders over conventional bucket systems, including increasing labour 
efficiency. Caring for group-housed calves on an automated milk feeding system 
requires less labour than when calves are housed individually (Kung et al., 1997; 
de Passillé et al., 2004), helping to offset the capital costs of the machines. 
Automated feeding systems facilitate the distribution of the total daily milk intake 
into small meals throughout the day, allowing a greater amount of milk to be fed 
without requiring the calf to drink a large amount at each meal. The pattern of 
drinking by the calves more closely resembles that seen during normal nursings 
(Senn et al., 2000). These systems can monitor the number and timing of visits, and 
the amount of milk consumed by each calf.

Some studies report a lower incidence of disease among calves fed with an auto-
mated milk feeding system (Kung et al., 1997). In contrast, other studies report higher 
mortality and morbidity, but this probably occurs because farmers tend to increase the 
size of the groups when these (relatively expensive) feeders are used (Svensson et al., 
2003; Svensson and Liberg, 2006). Certainly the way that these feeders (or any group 
feeding systems) are managed can greatly influence their impact on calf welfare. Too 
many calves for the number of teats available increases social competition between 
calves for teats and can reduce milk intake (von Keyserlingk et al., 2004; Jensen, 2004). 
When calves are introduced into the group, milk consumption decreases temporarily 
(O’Driscoll et al., 2006), and there may be advantages to introducing calves into the 
group at an older age (Rasmussen et al., 2006). To improve the efficiency of milk-feeder 
systems, it is important to reduce the amount of time that each calf spends at the feeder 
in visits when it is not entitled to milk. Several studies have now shown that feeding 
larger amounts of milk substantially reduces the number of these “unrewarded” visits 
that calves make to the feeder (e.g. Hammon et al., 2002; Jensen and Holm, 2003; de 
Paula Vieira, 2007). Thus teat feeding can have advantages, but feeding systems need 
to be managed to avoid competition by keeping group size small, carefully managing 
the introduction of new calves, increasing the ratio of teats to calves, and feeding higher 
quantities of milk.

2.4 Cross-Sucking

One potential risk of grouping milk-fed calves is that the calves will suck each 
other, and this risk sometimes discourages dairy farmers from using group 
housing (Figure 8.4).



Although some studies report problems of cross-sucking in group-housed 
calves (e.g. Keil and Langhans, 2001; Lidfors and Isberg, 2003; Margerison et al., 
2003), others report only a low incidence of the behaviour (e.g. Mattiello et al., 2002). 
Cross-sucking can be controlled by appropriate feeding management. For 
example, automated milk feeders or other teat-feeding systems where the calves 
suck their milk through a teat can reduce cross-sucking (e.g. Loberg and 
Lidfors, 2001; Lidfors and Isberg, 2003). Even providing a dry teat after the 
meal (de Passillé and Rushen, 2006c) can substantially reduce cross-sucking. 
However, use of teat-feeding systems are not invariably associated with reduced 
cross-sucking (e.g. Veissier et al., 2002), suggesting that the details of feeding 
management are important. Automated milk feeding systems can be designed 
to allow the calves to suck the teat for a sufficient time after the meal to satisfy 
their sucking motivation. For example, cross-sucking is increased if teat-fed calves 
are not able to continue to suck the teat after milk ingestion (Jung and Lidfors, 
2001) but a swing door (described in Jensen and Holm, 2003) can prevent 
calves from being displaced from the teat by other calves, and allows the calf 
to perform longer bouts of sucking on the teat. Slower rates of milk delivery 
can also reduce the incidence of cross-sucking (Loberg and Lidfors, 2001), 
likely for the same reason. Displacements of calves from the teat feeder can also 
be reduced by feeding the calves a larger quantity of milk (Jensen and Holm, 
2003). Thus cross-sucking is largely preventable when calves are allowed 
adequate opportunities to suck on a teat for milk.

Figure 8.4 Milk-fed calves that are housed in groups occasionally suck each other; a behaviour 
known as cross-sucking. Although the effects of this on the calves’ welfare are not clear, this 
behaviour discourages farmers from keeping calves together. However, cross-sucking can be con-
trolled by appropriate management. The most important factors are to allow the calves adequate 
opportunities to suck the teat and to ensure they are fed enough milk so as to not feel hungry
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3 The Transition to Solid Feed

For feral or extensively managed cattle, the transition from milk to solid food is a 
gradual process that does not end until the calf is several months old, and this die-
tary transition is associated with a gradual reduction in interactions with the cow. 
In beef-suckler calves, weaning involves both separation from the mother and loss 
of milk, and typically occurs at 5–9 months. The separation from the mother can be 
abrupt, which can itself be a welfare problem; calves respond to this separation by 
vocalizing and increasing their movement (Veissier et al., 1989; Haley et al., 2005). 
Some recent research has examined how this emotional response to separation can 
be reduced. Letting the calf maintain visual contact with the mother is preferable to 
complete separation (Price et al., 2003). Two-step weaning, in which calves are 
prevented from suckling by a device attached to the muzzle, but are allowed to 
remain in contact with the mother greatly reduces the calves’ responses when the 
mother is finally removed (Haley et al., 2005).

Weaning at older ages is presumed to be better for calf welfare since an older 
calf is less dependent on its mother as a source of food. Interestingly, studies 
on beef calves generally do not report any long-term effects on animal welfare 
of early separation from the mother (at around 3 months), at least as measured 
by weight gains (e.g. Myers et al., 1999; Arthington et al., 2005). However, 
there is a lack of research on early weaning that uses more subtle measures of 
welfare and little is known about the longer-term effects of weaning at different 
ages. Welfare problems are most evident when newly weaned beef calves are 
transported to a feed lot. These calves are forced to switch from familiar pasture-
based diet with some milk intake to a high-grain-based diet in a feed bunk. In 
such situations, the problems arise from a combination of the diet change, and 
the difficulties that the calves have recognizing the new food source (Loerch 
and Fluharty, 2000; Walker et al., 2007). The calves are also confronted with 
additional stressors such as new social partners, new environment, and the 
transport to the feed lot.

The transition from milk to solid foods is also a welfare issue for dairy calves. 
This transition is often abrupt and usually occurs at a relatively early age of 1–3 
months. In these circumstances, the withdrawal of milk is often associated with 
behavioural signs of distress, such as vocalizations and increased activity, as well 
as reductions in growth. The effects of weaning can be reduced if the calf is eating 
sufficient solids before milk is withdrawn. Calves typically consume little solid 
food before 3 weeks of age, likely due to their immature digestive system, and 
solid intakes continue to be low when calves are fed large amounts of milk (e.g. Jasper 
and Weary, 2002). Gradually reducing the milk ration over a number of days or 
weeks results in a rapid increase in solid intakes (Khan et al., 2007) and these 
gradual weaning methods are likely to be most useful for calves initially fed 
higher quantities of milk.

Dairy calves are typically weaned from milk onto a grain-based “calf starter”. 
However, calves must later make another dietary transition to a forage-based diet, 



often again accompanied by changes in housing and social group. No published 
work that we are aware of has examined the welfare consequences of this later 
transition, and we suggest that understanding the full transition from milk to forage 
is an important topic for future research.

For calves raised for white veal production, welfare problems can arise from 
the lack of access to solid food. These calves are typically fed only milk for far 
longer than would occur under natural conditions. Welfare of the calves can be 
adversely affected both by anaemia (from the lack of iron in the diet) and from the 
lack of solid food itself. A recent report (EFSA Animal Health and Welfare Panel, 
2006) reviews the welfare risks associated with diets used to raise veal calves.

4 Grazing

In many regions of the world, cattle are housed on pasture and must meet their 
nutritional requirements through the consumption of native herbages. Although, 
this provides a “natural” diet and freedom of movement, risks to animal welfare 
arise when either the availability or quality of the grass is low. Even brief periods 
of feed deprivation likely causes hunger in cows (Schutz et al., 2006). Longer-term 
effects of inadequate food intake include lost body weight and body condition 
(Stockdale, 2001). When the herbage quality is low in digestibility and protein 
quality, cattle are known to lose more than 10% of their weight (Ritter and Sorrenson,
1985). Poor body condition can also increase the risk of disease such as milk 
fever (Roche and Berry, 2006). The risks to welfare associated with poor grazing 
conditions should not be underestimated.

5 Beef Cattle in Feedlots

Some of the most serious risks to animal welfare within modern beef production sys-
tems arise from the way that cattle are managed in feedlots. The digestive system of 
cattle is evolved to efficiently digest forage but these diets do not allow cattle to grow 
at their maximum potential. To improve gains and profitability, heavy grain feeding 
has become the norm in feedlots (Figure 8.5). In most North American feedlots, 95% 
of the finishing diet is grain allowing for high weight gains (Castillo et al., 2004). 
However, the digestion of these diets challenges the health and welfare of the cattle. 

The high starch content of feedlot rations results in rapid ruminal fermentation 
and produces high levels of volatile fatty acids (VFA) and a low ruminal pH. 
Rumen acidosis occurs when the pH of the rumen drops rapidly to between 5.0 and 
5.5 (Boukila et al., 1995) and is thought to account for 25–30% of all feedlot deaths 
(Galyean and Rivera, 2003). Rumen acidosis also increases the risk of liver 
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abscesses (Nagaraja and Chengappa, 1998), resulting in welfare problems even 
when death is avoided. Cattle with liver abscesses also have reduced intake, growth, 
feed efficiency, and carcass yield (Nagaraja and Chengappa, 1998). It is also com-
mon for feedlot cattle to suffer from subacute ruminal acidosis (SARA). In the 
hours following large meals of grain, cattle can sometimes be observed kicking at 
the belly, perhaps a sign of stomach pain (Radostits et al., 1994). Other behaviours 

Figure 8.5 In a number of countries, especially in North America, cattle raised for beef produc-
tion are brought to market weight in large feedlots, where they are fed high-grain diets to maxi-
mize their growth rates. Overuse of these diets increases the risk of acidosis and can be one of the 
main risks to animal welfare within beef production systems



displayed by feedlot cattle include panting, lethargy, a dull appearance, diarrhoea, 
pica (eating dirt), and reduced feed intake (Braun et al., 1992; Phy and Provenza, 
1998; Stock and Britton, 2002). Feed intake fluctuates widely from day-to-
day, likely due to animals reducing their feed intake to recover from the low 
rumen pH.

The risk of acidosis can be reduced through management techniques (Paton et al., 
2006), including close monitoring of the feed bunk and using feeding practices 
that allow cattle to consume feed in smaller and more frequent meals 
(Schwartzkopf-Genswein et al., 2003). Gradually adapting cattle to high-grain 
diets over several weeks may help stabilize the microbial population of the rumen 
and avoid excessive accumulation of ruminal acids (Slyter, 1976; Radostits et al., 
1994). An important question is whether cattle have the ability to choose an 
appropriate mix of forage and grain to maintain high growth rates while overcoming 
problems associated with acidosis (James and Kyriazakis, 2002). Some research 
has shown that cows will select feeds with high rumen-buffering capacity, which 
may help prevent SARA (Keunen et al., 2002; Beauchemin and Yang, 2005; Yang 
and Beauchemin, 2006).

6 Lactating Dairy Cattle

6.1 Acidosis and Feeding Practices

Indoor-housed lactating cows are generally fed a mix of concentrates and forage. 
These can be provided separately, which is predominant in Europe, or mixed 
together (in a “total mixed ration” – TMR), which is the predominant method in 
North America. Feeding concentrates increases the risk of welfare problems 
associated with acidosis, which is described in Section 5 of this chapter. SARA 
is considered by some to be one of the major threats to the welfare of lactating 
dairy cows (Shaver, 2002) and may affect 20% of lactating dairy cattle in early to 
mid lactation (Oetzel et al., 1999), although accurate diagnosis is difficult (Garrett 
et al., 1999; Duffield et al., 2004).

At present, the most reliable means of preventing SARA or acidosis is to use 
feeding methods that stimulate feeding behaviour or ensure a more even distribu-
tion of feed intake over the day (Cook et al., 2004). Providing TMR only once or 
twice a day may result in “slug feeding” when cows eat an excessive amount of 
feed during a short period of time. Cows are strongly attracted by the arrival of fresh 
food. For example, DeVries et al. (2005) found that when fresh feed was provided 
four times a day instead of twice, the time the cows spent feeding increased by 10 
and 14 min. In addition, the daily feeding pattern changed, which resulted in cows 
having greater access to feed throughout the day (Figure 8.6).

This increased frequency of feed delivery also resulted in subordinate cows being 
displaced from the feeder less often, and thus having better access to feed, particularly 
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Figure 8.6 The number of cows at the feed bunk is highest following milking (at 07:00 and 
19:00) and when fresh food is delivered either twice a day (05:30 and 15:15) or four times a day 
(05:30, 11:00, 15:15, and 22:30) (Redrawn from data in DeVries et al., 2005.)

fresh feed. Dairy cows have a tendency to sort through their feed (Figure 8.7) so cows 
that visit the feeder first consume richer feed than cows feeding later. DeVries et al. 
(2005) found that when the frequency of feed delivery was increased from once to 
twice a day, the amount of sorting by the cows was reduced. Thus feeding more 
often reduces variation in the time feeding and the quality of the diet cows ingest.

6.2 Health of the Transition Cow

The high milk production of the modern dairy cow places extra demands on her, 
leading to a high incidence of infectious and metabolic disease, particularly in 
the period around calving (transition). Gröhn et al. (2003) estimated that 30% of 
the cows developing a disease do so around calving. Metabolic diseases such as 
ketosis and clinical hypocalcaemia (milk fever) are common (see Chapter 2), which 
arise directly from inadequate or inappropriate nutrition (e.g. Rukkwamsuk et al., 
1999). Susceptibility to certain infectious diseases also peaks at this time. The high 
prevalence of infectious disease during transition may also be due to inadequate 
nutrition, as these diseases often occur as a secondary illness to metabolic disease 
(Wentink et al., 1997; Reist et al., 2003). Inadequate nutrition may also contribute 
to the well-documented depression of the immune system that occurs around 
calving time (e.g. Mallard et al., 1998; Kehrli and Goff, 1989). The health status of 
the transition cow is a major issue for dairy production and the research on this 
topic has been reviewed many times, recently by Ingvartsen (2006).
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Figure 8.7 Dairy cows fed a total mix ration (TMR) will often sort through the feed to eat the 
concentrates. If feed is not provided in a feed bunk, the cows will push the less attractive feed away. 
Farmers regularly push up this food. However, this sorting behaviour means that the composition of 
the TMR changes with time since the food was delivered. Cows that eat a long time after feed has 
been delivered will be eating a different diet than those that eat soon after delivery

The high demand for nutrients at the onset of lactation seems to be a prime fac-
tor leading to these diseases (Ingvartsen, 2006). Despite decades of nutritional and 
epidemiological work, the incidence of disease around the calving period in lactat-
ing dairy cattle remains high (see Chapter 2), underscoring the need for a more 
comprehensive understanding of the biological mechanisms associated with illness. 
Furthermore, we need to explore alternative feeding methods that minimize the 
incidence of illness. Ingvartsen (2006) discusses many of the possible means of 
avoiding or at least reducing the incidence of transition diseases. These include 
avoiding overfeeding cows prior to parturition and improving feed intake during 
the early post-partum period.
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6.3 Ending Lactation

A typical lactation cycle of a cow in modern dairy production consists of approximately
300 days of lactation (classically 305 days) and a 40–60 days “dry” period. 
Although most cows would continue to produce milk beyond 305 days, having a 
dry period is important for the health of the cow (Oliver and Sordillo, 1988) and to 
ensure high milk production in subsequent lactations (Bachman and Schairer, 2003) 
and reproductive efficiency (Wilcox and Van Horn, 1999). Many different ways of 
bringing lactation to an end are used in practice (e.g. Natzke et al., 1975; Funk et 
al., 1982; Dingwell et al., 2002), all very different from the weaning process occur-
ring under natural conditions where the calf gradually decreases both the frequency 
and size of milk feedings over a period of months (Krohn, 2001). Common dry off 
methods include reducing milking frequency, reducing the quality or quantity of 
food provided, and sometimes even reducing availability of water (Battaglia, 1998).
Often these procedures are combined; for example, milking can be stopped abruptly 
at the same time as feed is restricted and access to water is prevented. Although 
abrupt cessation of milking is effective at stopping milk secretion (Browning et al., 
1990; Brightling et al., 1998), it can result in higher rates of intramammary infec-
tions when compared to dry off through the use of intermittent milking (Bushe and 
Oliver, 1987; Natzke et al., 1975). The limited research to date on dry off has 
focused almost exclusively on udder health and there is almost no work addressing 
other welfare effects of dry off procedures. Preventing or limiting access to food or 
water raises obvious welfare concerns. Potentially less disruptive for the cows is 
continued ad libitum access to food, but with reduced energy content and digestibil-
ity; for example, by eliminating concentrates from the diet or offering only low-
quality forage. One recent study (Valizaheh et al., 2007) switched cows from a 50% 
concentrate TMR to two different forage-based diets contrasting in quality. Cows 
switched to either diet reduced their feed intake and reduced milk production, but 
these effects were greatest for cows fed the low-quality forage. However, cows fed 
the low-quality diet also vocalized more often, suggesting that they were hungry. 
Thus, despite ad libitum availability, cows may not be able to digest sufficient 
quantities when fed poor-quality forages.

7 Water

Having access to a sufficient quantity of good-quality water is essential for the 
health and welfare of cattle. Water forms the largest component of an animal’s body 
and is an essential nutrient required for all biological functions including tempera-
ture regulation, digestion, faecal development, and milk production. Cattle require 
large quantities of water: from 75 to 120 L per day for dairy cows and 25 to 70 L for 
growing beef cattle (National Research Council, 2000). Water consumption is 
closely tied to feed intake and high milk production is dependent upon the cows 
having access to large volumes of water.



Ambient temperature (Stockdale and King, 1983; Rouda et al., 1994) and rela-
tive humidity (Ali et al., 1994) can influence the requirements for consumption of 
water. When temperatures are high (i.e. greater than 30°C), water consump-
tion increases as temperatures rise (Rouda et al., 1994; Molina and Tuero, 2000), 
but at lower temperatures cattle can maintain homeostasis without increasing water 
consumption. Water consumption is also affected by climatic factors: Stockdale and 
King (1983) found that daily water consumption was positively correlated with 
hours per day of sunshine. Day length may also influence water consumption as 
cattle rarely drink between sunset and sunrise (Sneva, 1970). Water intake can be 
affected by the method of water delivery. Trough design features such as the physi-
cal dimensions (Pinheiro Machado et al., 2004) and the rate of refill (Thomas, 
1971; Andersson et al., 1984) will affect water consumption.

Water quality is an important factor affecting water consumption. If water con-
tains compounds that diminish palatability, cattle will reduce their consumption 
(Embry et al., 1959; Weeth and Hunter, 1971; Patterson et al., 2002) or seek alterna-
tive sources (Digesti and Weeth, 1976). Through conditioned aversion, cattle may 
learn to limit their consumption of water containing compounds that result in gas-
trointestinal discomfort (Provenza, 1995; Ralphs and Provenza, 1999). Biological 
pollutants, including algae, manure and urine, lower the quality of drinking water, 
as do chemical pollutants such as minerals (Veenhuizen and Shurson, 1992; Carson, 
2000). Under range conditions, cattle often drink from surface water. As surface 
water sources dry out, sulphate concentrations rise limiting intakes to the point that 
some cattle stop drinking, or experience signs of dehydration such as high faecal 
dry matter (Grout et al., 2006).

8 Conclusions

Problems with access to appropriate food and water pose some of the most severe 
threats to the welfare of cattle. We have reviewed a range of issues relating to both 
intensively and extensively managed cattle. Inadequate colostrum intake by calves 
remains an important cause of mortality in calves, and dairy calves are often fed 
restricted quantities of milk, limiting gains and likely causing hunger. Feeding 
increased amounts of milk greatly improves weight gains, especially during the first 
few weeks of life. Feeding this milk from a teat also facilitates natural sucking 
behaviour in calves, and reduces cross-sucking in grouped calves. Grouped calves 
will compete for access to a teat, but this competition can be reduced by providing 
calves more milk, and by increasing the ratio of teats to calves. Weaning calves 
from milk to solid-based diets is one of many dietary transitions faced by cattle, and 
these transitions can be difficult for cattle. Weaning in beef cattle can be eased by 
separating the social and nutritional components. For example, fence line and 
“two-step” weaning methods allow for continued contact between calf and cow but 
prevent nursing. Dairy calves are typically separated from the cow weeks before 
they are weaned from milk to solid food, but this nutritional weaning can still be an 
important source of distress, especially when calves are fed high rations of milk 
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before weaning. New research is showing that gradually restricting milk increases 
solid food intake and reduces distress at weaning. Much research is still needed on 
how best to achieve this transition in diet, as well as the other dietary transitions 
that cattle face later in life, including changes in diet at calving and at dry off. 
Acidosis resulting from high-grain diets and the high metabolic requirements asso-
ciated with the onset of lactation are issues for dairy and beef cattle. Although much 
research has been directed at defining nutrient requirements of cattle to optimize 
production, we are still largely ignorant of the factors that satisfy hunger in cattle 
or of the optimal methods of feeding that will ensure good health and welfare.



Chapter 9
Stockmanship and the Interactions 
between People and Cattle

1 Introduction

In the previous chapters, we discussed the way that the welfare of cattle can be 
affected by how they are housed and fed as well as by the short-term procedures 
that are done to them. However, one other important component of farming was 
omitted: the people who care for the animals. The decisions about how animals 
are housed, how they are fed, and how they are handled are made by people, and 
it is people who actually perform operations like tail docking, dehorning, etc. 
There are many ways in which the stockpeople or caretakers can affect the wel-
fare of the animals in their care. The knowledge or technical competence of the 
stockperson can play a major role if it leads to improper choice of housing, poor 
feeding methods, or lack of appropriate treatment of illness, and the quality and 
diligence with which routine tasks are done can be also be important. In addition, 
a considerable body of research has now shown that the way that animals are 
handled by people can have a major effect on their welfare (Figure 9.1). The 
overall importance of stockmanship in ensuring good welfare of farm animals is 
emphasized in an excellent book by Hemsworth and Coleman (1998), and readers 
are encouraged to consult this. Until recently, it was true to say that the role of 
the stockperson or caretaker in affecting the welfare of farm animals had been 
neglected (Hemsworth, 2003), but this is beginning to change. In this chapter, we 
focus directly on the research that has examined the role of the stockperson in the 
welfare of cattle. The points of contact between animals and stockpeople vary 
substantially depending on the type of production, and so will the importance of 
stockmanship for animal welfare. Indoor-housed animals will, in general, be 
more dependent on human care than animals at pasture. The twice- or thrice-daily 
handling of dairy cows for milking results in far more contact with people than is 
normally found in extensive beef production systems. Consequently, it is not sur-
prising that most research on stockmanship has been done with dairy cows and 
veal calves rather than with beef cattle.
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Figure 9.1 Differences between farms in the way that animals are handled can have a large 
effect on the animals’ welfare. Dairy cattle that are roughly handled often become frightened of 
people, and this may result in substantial drop in milk production. The mere presence of an 
aversive handler during milking may be sufficient to cause the cows to “hold-back” milk, through 
a stress-induced suppression of oxytocin secretion (Rushen et al., 1999b). However, good stock-
manship consists of much more than handling the animals properly. Diligent performance of 
routine animal care tasks, such as cleaning, is of major importance in ensuring good animal 
welfare (Lensink et al., 2001a)



2 Effect of Overall Stockmanship on Animal Welfare

The stockperson can most obviously affect the welfare of animals through the way 
that routine animal care tasks, such as feeding, cleaning, etc. are done. Despite 
growing recognition of its importance for good animal welfare, as well as good 
animal productivity, this component of stockmanship has been investigated scien-
tifically and in detail in only a small number of studies. The quality of stockman-
ship, especially the care with which routine animal care tasks are performed, is 
responsible for some of the differences between farms and farmers in the level of 
animal welfare. For example, dairy farms in which calves are cared for by females 
tend to have lower calf mortality than farms where men are responsible for care of 
the calves (Losinger and Heinrichs, 1997).

In one of the most comprehensive studies of stockmanship, Lensink et al. 
(2001a) examined the role of stockmanship in affecting the health and productivity 
of veal calves on farms in France. Fifty veal farms were chosen that were operated 
by a single company, were located in the same region, and used similar manage-
ment techniques, animal feed, etc. Veal calves were randomly distributed between 
the units. By removing obvious sources of variability in production, the researchers 
were able to more clearly isolate the effects of the quality of the stockmanship. 
Farmers were interviewed, and the researchers scored their attitudes to the animals, 
for example, whether or not they believed that calves were sensitive to human 
 contact, and their attitudes to the work, for example, how important cleaning 
 procedures were. The farms were also scored for cleanliness, and the performance 
of various management routines was noted. In addition, interactions between the 
farmers and the calves were observed, especially the extent that calves withdrew 
when the farmers approached, and the extent that the farmer engaged in positive 
interactions with the calves (i.e. petting or stroking calves, or letting them suck fin-
gers, talking gently).

Sizeable correlations between these stockmanship variables and the production 
characteristics of the farm were noted. High-producing units (i.e. those with high 
daily weight gains, good food conversion efficiencies, and low mortality) had 
healthier calves, tended to be cleaner, had crates disinfected by an external com-
pany, had Sunday evening feedings of the calves, and were run by farmers whose 
own parents had managed a veal unit. This latter was thought to be important 
because it resulted in a greater experience in raising calves. The cleanliness of the 
barns accounted for 19% of the variance between units in daily weight gain and 
22% of the variance between units in feed efficiency. The health of the calves was 
correlated with the attitudes of the farmers, for example, the more the farmer 
believed that calves were sensitive to human contact, and the more the farmer felt 
that cleaning was important, the better the health of the calves. The results show the 
importance of general stockmanship for the welfare and productivity of the calves, 
particularly in terms of the care taken in cleaning the facilities. In the researchers’ 
own words: “Farmers who have a positive attitude towards animals and towards 
their work are more likely to obtain better production results, at least in part 
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because of the better control of the calves’ health. Also more positive attitudes 
towards animals lead to a more positive behaviour with them, which lowers ani-
mals’ fear reactions to them. Hence by his/her behaviour with animals and his/her 
ability to control their health, the farmer plays also an important role in relation to 
the welfare of the calves.” (p. 115).

As well as depending on specific attitudes and beliefs about the importance of 
routine care, the quality of stockmanship appears to be related to general personal-
ity attributes; Seabrook (1984) used a questionnaire to examine correlations 
between aspects of the stockperson’s personality and the level of milk production 
on the farms where they were working. High- and low-producing stockpeople were 
found to differ in a number of personality attributes, with the high-producing stock-
people reported as being: “not easy going, considerate, not meek, patient, unsocia-
ble, not modest, independently minded, persevering, not talkative, confident, 
uncooperative, and suspicious of change”! However, it was not clear how these 
personality characteristics related to the care of the animals.

Despite the obvious importance of the quality of overall stockmanship to animal 
welfare, there have been few studies that have systematically examined the full 
range of stockmanship qualities in cattle production. However, one aspect of stock-
manship has received considerable attention from researchers: the relationship 
between the way that animals are handled by people and the extent that the animals 
are frightened of people. The remainder of this chapter deals largely with this com-
ponent of stockmanship.

3 Handling and Animals’ Fearfulness of People

The extent that farm animals are frightened of the people that care for or handle 
them can have a marked effect on their welfare. Considerable research has shown 
that for most domestic animals, including cattle, the fear of people can be a major 
source of stress and a cause of lost production (reviewed in Hemsworth, 2003; de 
Passillé and Rushen, 2005; Waiblinger et al., 2006). There are marked differences 
between animals and between farms in the degree to which the animals are fright-
ened of people. Although there are genetic differences between breeds and individ-
ual animals that account for some of the variance in the degree of fearfulness (see 
section 4.6), much of the animals’ fear results from the way they are handled. 
Research is also suggesting that the personality and attitudes of the stockperson can 
influence the level of fear of animals, because such attitudes can influence how the 
stockperson handles the animals.

Hemsworth and Coleman (1998) present a simple, linear model of the relation-
ship between the stockperson’s beliefs and attitudes, their behaviour when handling 
animals and the impact this has on the animals (Figure 9.2). The stockperson’s spe-
cific beliefs about animals have a direct influence on how the animals are handled. 
For example, a belief that cattle are not sensitive and difficult to move can lead the 
stockperson to use rough or aversive handling. Through a process of classical 



 conditioning, the animals learn to associate the aversive handling with the stockper-
son and become frightened of him or her. This, in turn, results in the physiological 
changes that typically occur when an animal is stressed, which have deleterious 
effects on the animal’s welfare and productivity. Although such a simple model is 
unlikely to fully reflect the complexities of stockmanship, it is a useful way of con-
ceptualizing the sequences of events leading from the stockperson’s beliefs and 
attitudes, and it has received a strong degree of support from research.

This research has included both correlational studies, which describe the exist-
ing relationship between the animals’ level of fearfulness and the type of handling 
used on farms, as well as experimental studies, in which animals are deliberately 
handled in particular ways and the resulting changes in fearfulness are noted. In 
both cases, it is essential that we have reliable and valid measures of how fearful 
cattle are of people, which is not always the case (de Passillé and Rushen, 2005; 
Waiblinger et al., 2006).

3.1 Dairy

Perhaps because dairy cows are handled more often than beef cattle, the bulk of the 
research on how handling methods affect the fearfulness of the animals has involved 
dairy cattle. The most frequent point of contact between dairy cows and people 
occurs at milking.

3.1.1 Correlational Studies

Differences between farms in the way dairy cattle are handled may explain some of 
the differences between farms in the level of productivity and the welfare of the 
animals. The milk yield of cows also differs according to who is milking them 
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Figure 9.2 A simple model describing the causal link between a stockperson’s beliefs about 
animals and the effect on their welfare and productivity (Adapted from Hemsworth and Coleman 
(1998)
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(Hanna et al., 2006), which also may reflect the type of handling techniques used. 
Seabrook (1984) showed that the way that dairy cows were handled by the stock-
person and the degree of fear the animals show towards the people can be a major 
factor underlying the differing productivity of different stockpeople. He observed 
the behaviour of cows that were being handled by “high-producing” stockpeople 
(i.e. stockpeople whose cows produced a large amount of milk) and compared this 
to cows handled by “low-producing” stockpeople. He found that the cows with the 
high-producing stock person were spoken to and touched more often, appeared less 
frightened and were more easily moved, and were more likely to approach the 
stockperson.

Recently, Breuer et al. (2000) found substantial correlations between the levels 
of milk production on dairy farms, the way that the animals were handled, and the 
degree of fear that the cows showed towards people. Thirty-one commercial dairy 
farms in Australia were visited and the stockpeople were observed while they 
moved and handled the animals during normal milkings. The extent that they used 
either gentle handling (consisting of stroking, patting, or resting the hand on the 
cows) or aversive handling (slapping, punching, tail-twisting, or hitting the animals 
with the hand or a stick) was observed. Also, the extent that the stockperson spoke 
or shouted at the cow, and also the average speed that the cows were moved from 
the pasture into the milking parlour were recorded.

The degree to which the milkers used aversive handling during milking varied 
widely between farms (Table 9.1). The percentage of all handling interactions in 
which the stockperson used highly aversive handling, for example, forceful slaps, 
hits, and tail twists, varied between 0% and 30%. The type of handling was found 
to be associated with the milk production of the farm. The annual milk yield was 
negatively correlated with the use of highly aversive handling techniques (r = −0.39). 

Table 9.1 Results of a survey of Australian farms show a large difference between farms in 
many measures of how the stockperson handled the animals and in the cows’ apparent fearful-
ness of the people. The table shows the time that the cow spent close to the test person during a 
test, the number of flinch/step/kick responses of the cow during milking, and the number of posi-
tive and negative tactile interactions and shouts used by the stockperson while moving the cow 
or milking and the speed with which cows were moved. The latter is important because impatient 
stockpeople may try to move cows too quickly. The average value for all farms, as well as the 
minimum and maximum value found on any one farm are shown (Data adapted from Table 1 in 
Breuer et al., 2000.)

Variable Mean value Minimum Maximum

Time spent within 3 m of test person(s) 40 13 85
Number of flinch, step, and kick  0.21 0.02 0.54

responses/cow/milking
Number of positive tactile interactions/cow/milking 0.11 0.02 0.40
Number of negative tactile interactions/cow/milking 0.32 0.09 0.84
Number of shouts/cow/milking 0.05 0 0.12
Speed in moving cows from pasture m/s 0.60 0.07 2.08



However, the use of positive handling techniques or moderately aversive handling 
(e.g. moderate slaps) was not correlated with milk yield.

The cows’ fearfulness towards people was measured by observing the time that 
the cows spent close to a person in a specially constructed test enclosure. In addi-
tion, the behaviour of the cow was observed during milking, and each instance of 
flinching, kicking, or stepping (taken as signs of restlessness in the cow) was 
recorded. Average levels of fearfulness for each farm were calculated based on 
observations of 35–50 cows per farm. Again, large differences between farms were 
noted in the cows’ degree of fearfulness: on the farm with the least fearful cows, the 
cows spent six times as long close to the person compared to the farm with the most 
fearful cows. Measures of cows’ fearfulness were not significantly correlated with 
the behaviour of the stockperson. However, there were significant positive correla-
tions between the frequency of flinches, kicks, and steps by the dairy cow and the 
use of harsh vocalizations by the stockperson and the speed with which the cows 
were moved into the pasture. Milk yield was significantly negatively correlated with 
the measure of fearfulness and with behavioural signs of restlessness by the cow 
during milking. A multiple regression analysis suggested that differences between 
farms in the degree of fearfulness and restlessness of the cows could account for 
30% of the variance between farms in annual milk production, a sizeable figure!

A subsequent report from the same research group, this time using 66 dairy 
farms and taking measures of 30 cows per farm (Hemsworth et al., 2000), found 
similar results. Again there was a large difference between farms in the extent that 
the stockperson used aversive handling: the per cent of all handling interactions that 
involved highly aversive handling, varied between 0% and 38%. Again, the annual 
milk yield for the farm was negatively correlated with the frequency that aversive 
handling practices were used (Table 9.2). Rather surprisingly, milk yield was also 
negatively correlated with the use of apparently positive handling. This suggests 
that what we assume is positive for the cow may not be! This problem is discussed 

Table 9.2 Correlations between the way the stockperson handled dairy cows, the fear the cows’ 
showed towards the stockperson and the cows’ tendency to flinch, step, and kick during milking 
(FSK), the annual milk yield and conception rate of the farm, and the concentrations of cortisol in 
the cows’ milk. The asterix (*) indicates a significant correlation. The values are based on averages 
over 66 Australian diary farms and show the surprising magnitude of the effects on milk yield 
(Data are taken from Tables 5 and 6 in Hemsworth et al., 2000.)

  Milk  Milk Conception
 FSK yield cortisol rate

Stockpersons’ handling of the cows:    
 Number of positive tactile interactions −0.24* −0.25* 0.08 0.37*
 Number of negative tactile interactions −0.03 −0.36* 0.34* −0.25
 Total number of interactions with cow −0.15 −0.41* 0.20 0.06

Cows’ responses to people:    
 Time within 3 m of person during test  −0.03 −0.38* 0.38*
 Flight distance  −0.11 0.05 −0.09
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in more detail in section 4.2. In fact, milk yield was most highly (negatively) 
 correlated with the total number of tactile interactions between the cow and the 
stockperson and the regression model suggested this could account for 13% of 
the variance between farms in annual milk yield. The substantial amount of the 
 variance in milk production shows the effect that stockmanship can have on 
the productivity of dairy cows. Negative correlations were also found between the 
stockperson’s behaviour and conception rates: farms where the stockperson used a 
high frequency of negative interactions had fewer cows becoming pregnant after 
the first insemination.

The animals’ fearfulness towards people was measured using the same  technique 
as Breuer et al. (2000) except that the flight distance was also measured, defined as 
the distance that the cow first moved away from an approaching person. The 
 animals’ degree of fearfulness again varied widely between farms: average flight 
distance varied between 2 and 12 m. The degree of fearfulness shown towards 
 people was correlated with the stockperson’s handling of the cows: a greater use of 
negative handling techniques was associated with more fearful cows. More  frequent 
positive handling was correlated with a lower flight distance and less flinching, 
stepping, and kicking by the cow during milking. In this study, the correlations 
between the fearfulness of the cattle and milk yield were smaller (Table 9.2) and 
not statistically significant. However, the researchers did find significant  correlations 
with reproductive success: farms with more fearful cows had a significantly smaller 
proportion of cows conceiving at the first insemination. Differences between farms 
in the level of fearfulness accounted for 14% of the variance between farms in 
 conception rates.

In support of the idea that aversive handling induces physiological changes in the 
animal associated with stress (Figure 9.2), Hemsworth et al. (2000) found significant 
positive correlations across farms between milk cortisol concentrations and the use of 
negative handling interactions and behavioural measures of cows fearfulness. This 
“chronic stress response” was considered responsible for the reduced production.

Many of these results were replicated by Waiblinger et al. (2002) who observed 
the behaviour of cows and stockpeople during milking on dairy farms in Austria. 
This study is valuable because it provides a replication under quite different cir-
cumstances. The dairy farms in Austria differed from the Australian farms in a 
number of respects: use of indoor housing rather than all year pasture, smaller herds 
(25–50 cows as opposed to 150–300) and different breeds (mainly Austrian 
Simmental rather than Holstein). Average measures for each farm were based on 
observations of at least 75% of the animals in the herd. Again, large differences 
were noted between farms in the way that the cows were handled by the stockpeo-
ple: the per cent of all interactions between the cows and the stockperson that 
involved negative interactions varied between 0% and 38%. The total number of 
tactile interactions between the stockperson and the cow varied between 0.5 and 
13 per milking. Fearfulness of the cows was measured by approaching each cow in 
the barn and measuring the distance that the cow moved away. Again, there were 
large differences between farms, with the number of cows that did not move away 
when the experimenter approached varying from 2% to 48%. As in previous 



 studies, a greater use of positive or gentle handling and a lower frequency of aversive 
handling were negatively correlated with the distance that the cow avoided the 
person: cows on farms where mainly gentle handling was used could be approached 
more closely. The overall milk production on the farm was negatively correlated 
(r = −0.46) with the use of aversive handling during milking.

Together, these studies clearly show that there is a large difference between dairy 
farms in the way that cattle are routinely handled, including the use of behaviour 
thought to be highly aversive to the cow. There are also large differences between 
farms in the extent that the cows appear to be frightened of people. Both the cows’ 
fear of people and milk yield are affected by the way the cows are handled, with a 
high use of aversive handling being associated with fearful and lower yielding cows. 
Differences between farms in the fearfulness of the animals appear to account for a 
sizeable proportion of the differences between farms in milk production, indicating 
the significant economic costs associated with this particular welfare problem.

However, there are a number of limitations to these studies. Most important, they 
are correlational. All three report a large number of intercorrelations between vari-
ables which increases the risk of finding apparently significant correlations simply 
by chance. Multiple correlations make it difficult to determine what are the most 
important associations. Furthermore, it is difficult to infer the causal relationship. 
Both the increased fear and reduced milk yield may result from the aversive han-
dling but other hypotheses are possible to imagine. Perhaps the cows are more 
fearful and low yielding because of genetic reasons, and their poor performance 
causes the farmer to become angry at them! Perhaps poor-quality stockpeople hit 
cows more often but are also careless at other stockmanship tasks, which have a 
more direct impact on production (e.g. Lensink et al., 2000; see Section 3.2). Use 
of multiple regressions can help isolate the most important relationships from a 
statistical point of view, but this still does not help us understand the causal rela-
tionships involved. For this, experimental studies are needed.

3.1.2 Experimental Studies

Direct evidence that the use of aversive handling causes the cows to become more 
fearful of people, and that this is responsible for the effects on milk yield, comes 
from small-scale experimental studies (Munksgaard et al., 1997; Rushen et al., 
1999b). These experiments examined whether the same cows could be made fearful 
of one person but not of another. In these studies, dairy cows were handled repeat-
edly by two people, one of whom always handled the cows gently (talking softly, 
patting and stroking the cow, and occasionally giving feed rewards) while the other 
handled the cows aversively (hitting, shouting, and occasional use of a cattle prod). 
The cows’ fear of each person was tested by each person standing in front of the 
cow’s stall and measuring how closely the cow approached. The results showed that 
after repeated handling, the cows stood further from the aversive handler than from 
the gentle handler (Figure 9.3). Rushen et al. (1999b) also tested whether the degree 
of fearfulness elicited by the handling was sufficient to reduce milk yield, 
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Figure 9.3 The cows’ responses to the handlers were measured by having each handler stand in 
front of the cow’s stall. The bar graph shows the average distance score of the cows when facing 
the gentle and the aversive handler (Adapted from Rushen et al., 1999b.)

by  milking cows in the presence of the handlers. The gentle handler stood close to 
the cows for one milking and the aversive handler stood close to the cows for the 
other milking. Just the presence of the aversive handler during milking was suffi-
cient to increase residual milk by 70% (which is a sign of a stress-induced block of 
milk ejection) and tended to reduce milk yield (Table 9.3). There were also some 
physiological signs of fear: the presence of the aversive handler increased heart rate 
during milking.



However, the extent that the aversive handling affects milk yield may depend 
upon the type of handling used. A subsequent study (Munksgaard et al., 2001), 
which used a similar experimental protocol but less aversive handling, found the 
same effects upon the animals’ withdrawal responses from the people but found no 
effects upon milk yield. These small-scale studies support the model presented in 
Figure 9.2 by showing that aversive handling will make dairy cows frightened of 
people, and that this fear may at times be sufficient to reduce milk yield.

Can these experimental results be generalized to explain the differences noted 
between commercial dairy farms? Evidence that they can come from a larger-scale 
intervention study by Hemsworth et al. (2002), who used a special training pro-
gramme to improve the attitudes of stockpeople to dairy cows (described in more 
detail in section 4.4). Stockpeople at a total of 141 commercial farms were ran-
domly allocated to the training programme or kept as controls. Following the train-
ing programme, the stockpeople were found to use a lower number of aversive 
handling treatments and a higher number of gentle or positive handling treatments. 
In addition, the flight distance of the cows was found to be lower on the farms on 
which the stockpeople had followed the training programmes. Furthermore, there 
was some evidence that improvements in the way dairy cows were handled 
improved milk yields and reduced cortisol concentrations in the milk (Hemsworth 
et al., 2002). Thus, the degree of fearfulness of cows appears to be a direct response 
to the type of handling practices used by the stockperson (Table 9.4).

3.2 Veal Calves

Compared to dairy cattle, fewer studies have examined the effects of handling on veal 
calf welfare. In their study of French veal farms, Lensink et al. (2001a) found that 
calves were less likely to withdraw when a person approached on veal farms where 
the farmer used positive behaviours towards the calves (e.g. petting, talking gently, 
letting calves suck their fingers, etc.) Furthermore, the frequency of positive contacts 
was negatively correlated with the mortality rate on the farm. However, the research-
ers found no clear evidence that the calves’ fearfulness of people (as measured by 
their tendency to withdraw when people approached) was directly related to the 
health or growth rates of the calves. In contrast to the model presented in Figure 9.2, 

Table 9.3 The effects of the presence during a single milking of an aversive handler or a gentle 
handler. The asterix (*) indicates a significant difference (Data taken from Rushen et al., 1999b.)

 Aversive handler Gentle handler

Milk yield (kg) 18.48 19.2
Residual milk (kg)  3.6*  2.1
Duration of udder preparation (min)  0.65  0.68
Kicks by cow/min during udder preparation  0*  0.93
Heart rate change during milking (b.p.m)  5.94*  3.42
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the authors suggested that the association between the type of handling and the per-
formance of the calves may have occurred because of mutual correlations with other 
aspects of stockmanship, such as attention to cleaning routines etc (Figure 9.4). This 
research shows the need to be careful when interpreting correlational studies and the 
importance of combining these with experimental studies to better understand the 
causal relationships between the variables. A subsequent study on the same farms, 

Table 9.4 The results of an intervention designed to change the attitudes and beliefs of stockpeople 
about cows. The intervention resulted in a reduced use of aversive handling practices and a greater 
use of gentle handling. This resulted in a reduced flight distance of the cows as well as an 
increased milk yield (in one of the experiments) (Data adapted from Table 2 and Table 3 in 
Hemsworth et al., 2002.)

 Control Intervention

Stockpersons’ behaviour:  
– Use of mildly aversive handling techniques/cow/milking 0.43 0.24*
– Use of strongly aversive handling techniques/cow/milking 0.02 0.005*
– Use of gentle handling techniques/cow/milking 0.045 0.11*
Cows’ responses  
– Flight distance m 4.49 4.16*
– Flinch, step, kick responses 0.1 0.13
– Milk cortisol nM/L 2.05 1.4
– Milk yield L/cow/month (experiment 2 n = 99 farms) 509 529

Negative beliefs
about cows

Negative beliefs
about routine
tasks

Use of aversive
handling

Fear of
people

Lack of attention to
routine tasks e,g,
cleaning

Lack of cleanliness

Poor health Reduced growth

The stockperson

The calf

Figure 9.4 An alternative model of the relationship between stockperson’s attitudes and beliefs 
and the impact on the calf. In this case, the largest effect upon the calf’s growth occurs through a 
lack of attention to cleaning routines rather than through the animal becoming frightened of peo-
ple. The calves’ fear of people is a correlated response that could arise because stockpeople who 
have negative beliefs about the importance of routine care, may also have negative beliefs about 
the animals, and also use aversive handling techniques (Based on a model of Lensink, 2000.)



showed that calves that came from farms where the farmers predominantly used 
positive behaviours towards them were easy to load on to trucks, showed lower heart 
rate when loaded, and had paler meat with lower pH when slaughtered, an economic 
advantage for veal farmers (Lensink et al., 2001b).

3.3 Beef Cattle

Problems of handling and the risk of injury to both animals and people seem to be 
of major concern to beef production. Beef cattle that are calmer when being han-
dled have better meat quality, less bruising, and better growth rates (Blackshaw 
et al., 1987; Voisinet et al., 1997; Burrows and Dillon, 1997; King et al., 2006). 
However, research on beef cattle has tended to focus upon issues of temperament, 
and the genetic background of the animal (see Section 4.6.), and, while there are 
many practical recommendations about ways to handle beef cattle, detailed research 
studies on how handling techniques influence the animals’ welfare are surprisingly 
few. The lack of research in this area may reflect the relatively infrequent contacts 
between people and beef cattle, certainly in extensive production systems. Clearly 
more research is needed on the effects of handling on the welfare of beef cattle.

4 How to Improve Stockmanship

Given the importance of stockmanship for animal welfare, it is necessary to find the 
most effective ways of improving stockmanship. Again, most research to date has 
focused upon the ways that cattle are physically handled by the stockperson, rather 
than other aspects of stockmanship.

4.1 Extra Contact With People

In some cases, especially for extensively managed beef cattle, animals may be fear-
ful of people simply because they have not had sufficient contact with them. 
Increased handling or contact with people reduces animals’ fear of people. For 
example, Waiblinger et al. (2004) showed that previous gentle handling helped 
calm cattle during subsequent veterinary examinations. However, cattle may be 
more prone to establish positive relationships with people when they are young, and 
several experiments have examined the effects of increased contact with people at 
an early age.

Increased gentle handling of younger cattle has been shown repeatedly to reduce 
their fearfulness towards people as adults (e.g. Boissy and Bouissou, 1988; Boivin 
et al., 1992a,b; Becker and Lobato, 1997; Figure 9.5). When the extra handling is 

4 How to Improve Stockmanship 241



242 9 Stockmanship and the Interactions between People and Cattle

done to young animals, the effects appear to be particularly long lasting. The 
 reduction in fear has usually been noted several months later, and in some cases 
years later, without apparently needing to be reinforced by further handling (e.g. 
Boivin et al., 1992b). Some studies have examined the persistence of the effect by 
repeatedly testing animals as they age, and found little decrease with time, suggest-
ing that the effect is permanent (e.g. Boivin et al., 1994; Boivin et al., 1992b).

An obvious question is whether cattle are more sensitive to human contact at 
some ages than at others. Although it is often suggested that a sensitive period exists 
for cattle, attempts to demonstrate such a sensitive period have had limited success. 
Boissy and Bouissou (1988) handled dairy heifers either at 0–3 months, 6–9 months, 
and 0–9 months of age. Reduced fearfulness and increased ease of handling was 
found for the group handled during 0–9 months of age, with less of an effect for the 
group handled during 6–9 months. The least effective period for handling was during 
the 0–3 months following birth. The authors concluded that extended pre-pubertal 
handling is more effective than short-term handling and that there appears not to be 
any critical period for this effect. In contrast, Krohn et al. (2001) found some evi-
dence that 18 min per day of extra, gentle handling given to young dairy calves 
between 1 and 4 days of life was more successful than handling given between 6 and 
14 days in reducing avoidance of people by calves up to 8 weeks of age. However, 
the effect varied according to the measure used: differences between the treatments 
were most apparent in the latency that the calves took to approach a person in the 
home pen. Flight distance from a person in an  unfamiliar pen, however, was reduced 

Figure 9.5 Increased handling of calves at an early age reduces their tendency to avoid people. 
However, there is no strong evidence for a sensitive period. Raising the calf with its mother 
appears to reduce the effectiveness of this early handling



equally by all three treatments. In summary, although there may be some age effects 
on the effectiveness of the extra handling, there is no strong evidence that calves 
have a marked sensitive period, unlike lambs (Markowitz et al., 1998)

The effect of early handling appears to vary somewhat according to how much 
contact calves have with conspecifics, particularly with their mothers and other 
calves (Figure 9.5). Close contact between people and bulls that are kept isolated 
from other bulls can substantially increase the aggression that the bulls show (Price 
and Wallach, 1990). However, whether this is because the bulls are “imprinting” on 
people, or whether they lack social restraints on their aggression to people as a 
result of their lack of social companions (suggested by Price and Wallach, 1990) is 
not clear. Cattle that are reared by their mothers are often more fearful of people 
than those reared by hand (Boivin et al., 1994), but this probably reflects a differ-
ence in the amount of contact with people. However, many studies have shown that 
extra handling of young animals is effective even if the animals are reared by their 
natural mothers (Boivin et al., 1992a), or if the animals are kept grouped with con-
specifics (Boivin et al., 1994, 1992b). Creel and Albright (1988) hypothesized that 
calves weaned from their mothers and reared in isolation from other calves would 
“imprint” on people and be less fearful than calves reared in groups of other calves. 
However, they found no evidence that isolated calves approached people more 
readily, or were easier to handle. Although, there was some evidence of reduced 
flight distance of isolated calves, the authors concluded that social isolation from 
other calves does not make animals less fearful of people. More recently, Krohn 
et al. (2003) found that calves reared with their mothers had longer flight distances 
than calves reared individually, even though the amount of contact between the 
calves and people were similar. In summary, there is some evidence that socializa-
tion to conspecifics (either to a mother or to peers) interferes with socialization to 
people and may also reduce the effectiveness of extra handling in reducing animals’ 
fear of people.

What type of contact is necessary to reduce fearfulness of people? Most han-
dling procedures that have been used in experiments involve a mix of gentling 
and giving some kind of food reward. Whether or not the food rewards are nec-
essary has not been fully resolved; that handling alone without additional feed-
ing can function to reduce cattle’s fearfulness of people has been shown a 
number of times (Boissy and Bouissou, 1988; Boivin et al., 1992a). However, 
Jago et al. (1999) found that handling young cattle, without providing a feed 
reward did not reduce the latency for the animals to react with people, whereas 
providing food either with or without extra handling were equally effective. In 
this study, the calves would often butt the person (a behaviour usually associated 
with feeding) suggesting that the calves were specifically associating the people 
with being fed. We do not yet know why, in some studies, food rewards are 
necessary while in others they are not. The age of the calves may be important, 
since in Jago et al.’s (1999) study the handling was imposed when the calves 
were very young (2–16 days old).

There may be several periods in the life of cattle when they are sensitive to 
increased contact with people. Following parturition, adult female cattle are  sensitive 
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to developing a social bond with their newly born calves, and may be more sensitive 
to human contact at this time also. Hemsworth et al. (1987) gave heifers extra 
handling at the time of their first calving, and found that the time taken to approach 
the experimenter was reduced. In a subsequent study, 5 min of extra gentle handling 
per week during the 3 months prior to first calving reducing the frequency of 
flinches, steps, and kicks during milking, and increase milk flow rate (a possible 
sign of reduced stress) during the first 20 weeks of lactation (Bertenshaw and 
Rowlinson, 2001).

4.2 Identify Which Types of Handling are Aversive or Positive

Since it is clear that the type of handling used by the stockperson has major effects 
upon the fearfulness of the animals, a necessary first step in improving the relation-
ship between animals and the stockperson is to identify the particular behaviours 
that the animals find aversive or rewarding. Numerous recommendations have been 
made concerning which actions to use and avoid. A few cases are obvious, such as 
the effects of feeding and electric shock, but there has been little research on the 
effects of other treatments.

Recently, Pajor et al. (2000, 2003) used aversion-learning techniques (Chapter 
4) to try to discover exactly which handling practices cattle do find aversive. In 
one study (Pajor et al., 2000) compared supposedly aversive treatments that are 
often used when moving cows, such as hitting with the hand, shouting, tail 
 twisting (but not strongly enough to break the tail!), and use of an electric prod. 
Cattle were placed in a runway and at the end of this they were restrained and 
handled. The experimenters measured the speed that the animals moved down 
the runway as well as the effort required by the handler to move them. Based 
upon these measures, all treatments appeared to be aversive to some extent. 
However, hitting with the hand and twisting the tail did not differ significantly 
from the control treatment (of no handling), suggesting that the cattle perceived 
these treatments as relatively mild, although this conclusion likely depends upon 
the force used. Unsurprisingly, the use of the cattle prod was aversive but 
 interestingly shouting appeared to be as aversive as the cattle prod. A subsequent 
study (Pajor et al., 2003), which allowed cattle to choose between pairs of 
 treatments confirmed these results: cattle showed no preference for shouting over 
the electric prod, and no preference for no treatment over tail twisting (Figure 9.6). 
Other studies have also reported that cattle find shouting to be highly  aversive 
(e.g. Waynert et al., 1999).

What types of handling do animals find positive or rewarding? That animals 
will approach people who feed them is not surprising, but can people also give 
animals “social rewards”? That gentle handling alone without additional feeding 
can function to reduce an animal’s fearfulness of people has been shown for cattle 
(Boissy and Bouissou, 1988; Boivin et al., 1992a) suggesting that people can be 



a source of social rewards. However, attempts by Pajor et al. (2000, 2003) to find 
rewarding behaviours were less successful than attempts to identify aversive 
behaviours. Hand feeding was rewarding for adult cows but not for younger heif-
ers, although the latter were attracted when food was presented in a bucket. 
Brushing, patting and stroking, and speaking in a gentle voice were not preferred 
by cattle relative to no treatment at all. In fact, some evidence was found that 
cows found brushing aversive, at least initially. Boivin et al. (1998) also found 
little evidence that cattle find physical contact with people to be rewarding. The 
fact that people and cows may not agree on what is rewarding (Figure 9.7) may 
explain some of the curious results reported earlier, such as finding that a high 
use of positive behaviours is associated with lower milk yields in dairy cows 
(Hemsworth et al., 2000).

Figure 9.6 The figure shows a dairy heifer in a Y-maze about to make a choice between 
approaching two people, each of whom will handle the animal in a different way. The results of 
the cows’ and heifers’ choices between a number of pairs of handling treatments shows their 
preferences (Adapted from Pajor et al., 2003.)
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4.3 Avoiding “Learned Aversions” to the Stockperson

At times, even the best stockperson will have to handle animals in an aversive way. 
Often this is done for the animal’s own welfare, such as when giving injections or 
treating illness. Occasional use of such aversive procedures need not lead animals to 
become frightened of people (Lewis and Hurnik, 1998). However, one risk is that the 
animal, through a process of classical conditioning, will learn to associate the aversive 
handling with the particular individual, and develop a learned aversion and fear of that 
person (Hemsworth et al., 1996); that this can happen has been demonstrated many 
times (e.g. de Passillé et al., 1996; Munksgaard et al., 1997; Rushen et al., 1999c) and 
is often reported to be a problem for veterinarians. Learned fear of people can have 
serious effects on an animal’s welfare, so means of preventing the development of this 
fear are needed. In some cases, ensuring sufficient positive or gentle contacts may 
conceal the occasional negative treatments (Hemsworth et al., 1996). One promising 
approach is to associate the treatment with a particular location, rather than a particular 
person (Rushen et al., 1998). Thus, learned fear in the animals may be reduced by per-
forming aversive treatments in a special place rather than in the animal’s home pen.

It may also be possible to mask the identity of the person in fairly simple ways. 
There is now clear evidence that cattle can tell different people apart (reviewed in 

Figure 9.7 People appear to enjoy close physical contact with animals and we assume that the 
animals must enjoy it as well. Gentle contact is certainly preferable than aversive handling and 
may help to reduce animals’ fear of people. However, we have no clear evidence yet that cattle 
find this type of contact to be rewarding



Rushen et al., 1999c; de Passillé and Rushen, 2005). What cues might the animals be 
using? Cattle have a reasonable degree of visual acuity and are capable of colour 
vision. Visual cues, especially those associated with clothing seem to be particularly 
important in recognition of people by cattle. Even very young calves can recognize 
people wearing different colour clothes (Rybarczyk et al., 2003). Munksgaard et al., 
(1997) and Rushen et al., (1999b) showed that cows that had learned to avoid a han-
dler as a result of receiving aversive handling, no longer avoided that person when the 
colour of the clothing was changed. These studies show that under some circum-
stances a loss of recognition can occur following simple changes in the appearance of 
people, such as a change of clothes. It may be possible to take advantage of this asso-
ciation to reduce the occurrence of learned fears of particular individuals, for exam-
ple, by wearing special coloured clothes when essential but aversive treatments are 
applied to animals. However, Boivin et al., (1998) showed that changes of clothing 
did not affect beef cattle’s ability to distinguish familiar from unfamiliar people, per-
haps because cattle can use other visual cues to recognize  people. Taylor and Davis 
(1998) showed that cattle in fact could learn to distinguish people who wore the same 

Figure 9.8 Discriminant operant conditioning can be used to test which cues cows use to recog-
nize people. The cows needed to approach the correct person to obtain a food reward. Cows were 
correctly able to choose the person if they could tell their height or see their faces. However, if 
both the persons’ faces were covered and there was no height difference, the cows were unable to 
recognize the people. This suggests that some cows may be able to recognize people by their 
faces, which may make it difficult to conceal the person’s identity when doing aversive or painful 
husbandry procedures (From Rybarczyk et al., 2001.)
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colour clothes and Rybarczyk et al. (2001) presented  evidence that some cows can 
recognize people by their faces (Figure 9.8). Together, these results suggest that while 
clothing colour is used by cattle to distinguish people, it is by no means the only cue 
that they can use. Thus, while it may be possible to hide a person’s identity under 
some circumstances, we should not underestimate the ability of cows to use quite 
subtle features to recognize people.

4.4 Altering Stockpersons’ Attitudes

Clearly identifying which behaviours cattle find aversive and which they find 
 positive or rewarding is an essential first step in making recommendations about 
improving ways of handling animals. However, the way stockpeople handle  animals
is likely to be a reflection of long-held beliefs about how animals need to be handled 
and attitudes towards animals in general; thus recommendations alone may not be 
sufficient to change the behaviour of the stockpeople (Hemsworth, 2003). The range 
of attitudes of stockpeople towards animals is discussed in Hemsworth and Coleman 
(1998), and we do not need to repeat this here. A considerable amount of research 
has now shown that the way that stockpeople handle animals is a reflection of spe-
cific beliefs of the stockperson, and that altering these beliefs may be an effective 
means of improving the way animals are handled (Hemsworth and Coleman, 1998; 
Hemsworth, 2003). Much of this research has involved pigs and as yet there are 
fewer studies that demonstrate these techniques for cattle.

Hemsworth et al. (2002) examined the effect of a “cognitive-behavioural 
 intervention” on dairy farmers’ attitudes towards cows. Over 100 commercial dairy 
farms were used, and the farmers were randomly allocated to a control group or to 
an intervention group. The intervention involved multimedia presentations empha-
sizing the research results that showed the negative effects of poor handling on the 
fearfulness and productivity of cattle, along with some clear examples of good and 
poor handling techniques. The intervention clearly improved the attitude of the 
farmers towards dairy cattle, specifically reducing the belief that considerable force 
was needed to move dairy cows. Visits to the farms showed that these changes in 
beliefs resulted in a reduced use of aversive handling techniques, reduced 
 fearfulness, and tended to improve milk yield. This study clearly shows the 
 potential for such interventions to improve at least one component of  stockmanship, 
and to improve both the welfare and the productivity of the cattle.

4.5 Identifying Why Stockpeople Mishandle Animals

In addition to attitudes and general opinions on animals, situational factors can 
have a marked influence on the quality of stockmanship. Consequently, to improve 
the ways animals are handled, it helps to know what circumstances do lead to 



 animals being handled roughly. From other professions, it is recognized that the 
diligence with which a job is done depends very much on the level of job satisfac-
tion; low job satisfaction often results in careless work. Recognizing the impor-
tance of this for stockmanship, Seabrook and Wilkinson (2000) interviewed 238 
dairy stockpeople in the UK to determine what factors affected their level of job 
satisfaction, focusing particularly upon the routine tasks stockpeople enjoyed and 
which they found most unpleasant. Importantly, the stockpeople clearly valued and 
enjoyed their interactions with their animals, and the nature of their interactions 
with animals was largely responsible for the difference between a “good day” and 
a “bad day”. Milking was widely rated the most important routine task in dairying, 
and (fortunately!) was rated the most enjoyable. Maintaining herd health and wel-
fare was considered of relatively low importance, especially by younger stockpeo-
ple. Stockpeople from higher-producing herds, however, rated herd health and 
welfare more important than those from lower-producing herds. Interestingly, the 
rated importance of herd health and welfare increased when stockpeople were re-
interviewed after quality assurance schemes had been introduced. The authors felt 
that these may have led the stockpeople to alter their priorities. Despite its impor-
tance for maintaining good animal health and welfare, the task of foot trimming 
was disliked mainly because of inadequate equipment and holding facilities, and 
because it was generally considered a dangerous task. The authors concluded that 
the obvious dislike of foot trimming and cleaning routines shows the need to find 
improved means of cleaning cows and barns, for better designed parlours that 
facilitate cleaning, and for improved equipment and facilities for foot trimming. 
This type of research is clearly useful in showing what types of improvements are 
needed in order to improve job satisfaction and hence job quality (Figure 9.9).

Difficulties in moving cattle can be a major cause of frustration for stockpeople 
and this can be responsible for much of the rough handling that occurs. Finding bet-
ter ways to move animals is likely to lead to significant reductions in the use of 
aversive handling. This could be achieved either through improved raceway design 
or by finding other means of improving animal movement; Ceballos and Weary 
(2002) found that providing small food rewards when dairy cows entered the milking 
parlour reduced the time the cows took to enter the parlour, and reduced the need for 
the stockperson to push the cows or use other aversive handling techniques.

4.6 Genetic Selection

Although the way that animals are handled by their caretakers has a major impact on 
the extent that they are fearful of people, differences among animals in their responses 
to people may also be influenced by genetics. For wild animals, we could expect 
natural selection to favour some degree of fear of people and other potential predators. 
As animals and humans became mutually dependent during the process of domestica-
tion, natural selection to maintain animals’ fear of human beings would have relaxed. 
In fact, during the domestication process, animals most likely were selected for 
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docility and tameness by farmers seeking ease of handling (e.g. Price, 1998, 1999). 
Genetic contributions to such characteristics would most likely be expressed as 
 differences among breeds and among individuals within a breed. However, because 
early experience, maternal effects, and rearing conditions of  animals affect their level 
of fear of humans at later ages, experiments must be carefully designed to objectively 
estimate the relative importance of genetic and  environmental influences on such 
characteristics (Price, 1998). Estimates of heritability of temperament in cattle vary 
widely, and may differ systematically between breeds (Gauly et al., 2001), but 
 generally heritability is low to moderate (Burrow, 1997, 2001). Genetic differences in 
the behaviour of domestic animals, including their responses to people is of interest 
since differences in responses to handling appear to be linked with meat tenderness 
(King et al., 2006) and genetic selection for better “temperament” is an ongoing 
research area for beef cattle (Kadel et al., 2006).

Indeed, genetic selection for tameness probably continues long after animals 
have been domesticated, due to increased culling rates of animals that are difficult 
to handle. The increased mechanization and intensification of animal agriculture 
may have shifted the target of artificial selection towards efficiency of production 
rather than handling ease. For example, Ewbank (1993) claims that due to reduced 
handling in intensive dairy production, and the consequently reduced selection for 
tame animals, there has been an increased difficulty in handling dairy stock. It is 
also possible that some of the intensively selected productivity traits, like rapid 
growth and lean meat, are linked to certain negative handling traits, resulting in 
more nervous and aggressive animals that are difficult to handle (Grandin and 
Deesing, 1998). Turner and Lawrence (2007) provide some evidence that increased 

Figure 9.9 To improve stockmanship we need to pay attention to the level of job satisfaction of 
the people who care and handle the animals. To reduce rough handling of animals, we need to 
understand the situations in which people become rough with animals. If facilities are not well 
designed, handlers may have difficulty moving cattle and become frustrated with them. Other 
routine tasks, such as hoof trimming, are essential for good welfare but are rated as unpleasant 
by stockpeople. Designing better equipment for such tasks may result in them being carried out 
more often



selection for maternal defensiveness in order to improve calf survival may indi-
rectly lead to increased aggressiveness towards people.

4.7 Understanding the Nature of the “Human-Animal” 
Relationship: Social Companion or Predator?

At a more theoretical level, improvements in our ability to handle cattle will require 
that we have a better understanding of the fundamental nature of the relationship 
between people and cattle, especially how cattle “perceive” people. Often, the rela-
tionships between people and farm animals have been described in terms of 
 predator–prey relations. However, the type of relationship that can develop between 
people and animals that are in constant contact can be much more subtle; and it has 
been claimed that such relationships are genuine social relationships, similar to 
what would be seen between conspecifics (Estep and Hetts, 1992). In a very inter-
esting review, Tennessen and Hudson (1981) examined the different species which 
have been successfully domesticated, and found several similarities in their basic 
social structure. Domesticated species tended to have wild ancestors that lived in 
groups, rather than being solitary, with dominance hierarchies, rather than a territo-
rial system. Studies of traditional herding societies (Lott and Hart, 1979) suggest 
that these traits may have aided the process of domestication by allowing people to 
enter into social relationships with the animals and so exploit their natural social 
behaviour.

It is often claimed that people can, and indeed should, establish dominance over 
their animals. One of the few detailed studies of how people appear to enter into 
genuine social relationships with animals, including dominance relationships, was 
Lott and Hart’s (1979) study of the Fulani cattle herdsmen of sub-Saharan Nigeria. 
According to Lott and Hart, while “western” farmers tend to rely primarily on 
physical means to control, for example, fences or restraints, the Fulani control their 
animals primarily through their knowledge and exploitation of the cattle’s natural 
social behaviour. Lott and Hart claim that the Fulani herdsmen control their herds 
by inserting themselves into the social system of the cattle, and they described some 
of the ways in which this is achieved. Interestingly, the Fulani appear quite aggres-
sive in establishing dominance over their cattle, especially the bulls in the herd. 
They respond to any threats from the bull by attacking the bull or threatening it by 
yelling and waving a stick. The herdsmen continually reinforce their dominance 
over the other cattle by occasionally hitting them for no obvious reason, and by 
breaking up fights between other cattle. This routine use of physical aggression 
seems contrary to what is often argued: that good stockmen should not use physical 
force on their livestock. However, while in recent years, the emphasis has been put 
on the negative effects of animals’ fear of people, we need to remember that it may 
also be important for the safety of the handlers to ensure some degree of domi-
nance, especially over the larger farm animals, and, in some cases, a degree of 
physical force may be the most effective way of achieving this.
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However, social dominance is not the only form of social relationship that the 
Fulani have with their cattle. The Fulani herdsmen also establish amicable rela-
tionships with their animals by spending considerable time walking among them, 
and scratching them on the head and neck, places where the cattle often groom 
themselves or each other. These affiliative behaviours are the same sort of social 
behaviours that the cattle use with each other. An affiliative relationship between 
people and animals might also be apparent in the ability of people to provide 
social support to animals, especially animals in social isolation. For example, 
human-reared lambs vocalize less in the presence of people than when alone and 
this effect is most apparent for the shepherd that had raised the lambs than for a 
stranger (Boivin et al., 1997). Recently, Rushen et al. (2001b) found that when 
cows under stress were brushed by a person they knew, there was some evidence 
of reduced heart rate as well as reduced defecation and vocalization, although 

Figure 9.10 Cattle are occasionally seen to play with people suggesting that they may form 
genuine social relationships with them. This cow is butting the leg of the person; a behaviour that 
resembles the apparently playful headbutting that occurs between cattle. Such behaviours suggest 
that cattle may form genuine social bonds with people (Rushen et al., 2001a.)



there were no effects on plasma cortisol concentrations or the amount of milk 
retained. Thus in some cases the presence of people may provide some form of 
social comfort. A number of authors (e.g. Seabrook and Bartle, 1992) have sug-
gested that handling would be improved if the handlers used “species-specific” 
behaviours, used by the animals themselves when establishing social bonds or 
social relationships (Figure 9.10). For example, the best places to touch animals 
could be determined by examining where animals groom each other. Unfortunately, 
except in the obvious case of feeding, we still know very little about what types 
of contact with people cattle find rewarding.

5 Conclusions

From the research reviewed in this chapter, and from extensive research done on 
other species of farm animals (reviewed in Hemsworth and Coleman, 1998) it is 
clear that the people who care for the animals can have a major, if not decisive 
role to play in affecting their welfare. Differences between stockpeople may 
be responsible for much of the differences between otherwise similar farms in 
the level of animal welfare and productivity. Research is beginning to provide 
 concrete examples of how poor stockmanship can lead to poor animal welfare, 
and to show some of the ways that stockmanship can be improved. Notably these 
improvements, as well as improving animal welfare, often lead to substantial 
benefits to the farmers themselves, either through increased health and productiv-
ity of the animals, or through increased efficiency and safety of operations that 
involve handling the animals, for example, most evident at milking. Research to 
date has focused upon the more obvious aspects of stockmanship: how the animals
are handled and how they become fearful of people. However, stockmanship 
involves much more, and the relationships that can develop between people and 
animals can be quite subtle. Research needs to consider a broader range of qualities 
associated with stockmanship.
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Chapter 10
Conclusions

In the preceding pages we have provided an overview of research on the welfare of 
cattle, focusing on those aspects that have been well covered in the scientific litera-
ture. This research has dealt almost exclusively with the welfare issues associated 
with confinement systems that have been developed in Europe and North America. 
As animal production grows rapidly in Asia, South America and other regions of 
the world, there is a need to increase research that deals with the animal welfare 
issues within the production systems typically found in these regions. In some 
cases, these animal welfare issues may be the same as those in the European and 
North American confinement systems since these types of systems are sometimes 
imported wholesale into new regions. However, housing systems that function well 
in temperate climates may require special modifications to work in warmer areas. 
Furthermore, the breeds of cattle that are highly productive and profitable in 
 temperate climate housing and management systems may experience different 
 welfare challenges when brought onto farms in tropical and sub tropical regions. 
These include an increased risk of heat stress and exposure to new pathogens to 
which the animals may have limited resistance. Breeds that are highly productive 
in temperate regions may not cope as well with fluctuations in food and water 
 availability that more hardy locally adapted breeds are able to withstand. In other 
cases, the traditional production methods may be maintained but expanded, or new 
methods of production developed. In both cases, animal welfare issues are likely to 
arise. It is our hope that as animal production grows in these regions, so does local 
research on animal welfare that will be able to address these concerns.

In Chapter 1, we reviewed various definitions of animal welfare and briefly 
discussed the social context providing some insights into current interest in farm 
animal welfare. The different players in the animal welfare debate often have 
different views of what animal welfare is, and this is partly responsible for 
 disagreements, for example, between behavioural scientists and veterinarians, or 
between farmers and the public at large. We must recognize that animal welfare is 
multifaceted and that research must focus on all of the issues involved. Scientists, 
in particular, must resist the temptation to redefine animal welfare so as to make it 
more amenable to scientific investigation but less relevant to the concerns being 
expressed by other stakeholders. Much of the recent research into animal welfare 
has been driven by public concern and the (primarily European) legislation that has 
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resulted from this. Consequently, many of the issues that are raised in this book are 
concerns that are already present in the public eye such as individual housing for 
calves and tie stalls for lactating cows. Other issues may be seen as threats to 
animal welfare by the public but the research suggests that the effect on animal 
welfare may not be as obvious as it appears. The early separation of the dairy calf 
from its mother is an example of this. Lastly, there are some serious threats to animal
welfare that have not generated much attention among the public. Problems of 
acidosis due to feeding of high grain diets would be an example. Research into 
these latter topics has focused primarily on the economic losses associated with 
disease and has tended to pay less attention to the impact on animal welfare itself.

The first part of the book discusses some of the potential indicators that we 
might use to measure animal welfare, either in a research setting or in the field. 
Chapter 2 focuses on animal health and disease, and emphasizes the importance of 
including measures of disease and injuries in any assessment of cattle welfare. 
Despite the obvious importance of animal health to animal welfare, our ability to 
use health measures to assess animal welfare is limited by the difficulties in obtaining 
reliable and valid measures of the occurrence of various illnesses. Perhaps the most 
important message from this chapter is the urgent need for veterinarians and animal 
welfare researchers to collect better information about health problems on farms. 
An additional challenge comes from our limited understanding of how these different
ailments really affect the animal both in the short term and after apparent recovery. 
In particular, relatively little research has attempted to examine how much suffering 
different health ailments cause to the animals. A second important area for new 
research in this area is better quantifying the longer term and economic impacts of 
disease. It is this type of data that can be most useful in increasing awareness 
of farmers to welfare problems on farms and can be used to explicitly address the 
economic return on investments that help improve animal welfare.

Much of the research into animal welfare involves taking measures of stress 
physiology. This often helps give a more scientific aura to a research field that 
some fear appears too subjective. Physiological measures are important in part because
of their usefulness in identifying health issues at an early or “prepathological” 
stage before a disease has actually developed. Despite the importance of this 
aim, we lack knowledge of which physiological measures are most predictive of 
disease. Furthermore, as we argue in Chapter 3, there are serious difficulties in finding 
appropriate physiological measures of stress and separating out the effects of a 
genuine challenge to animal welfare from normal physiological fluctuations. 
Physiological measures are often thought to be a useful window into the emotional 
states of the animals and have been used in the assessment of pain and distress. We 
see some value in using these measures to identify the acute emotional responses to 
short-term procedures such as branding and dehorning (see Chapter 5); however, 
for assessing longer-term stressors such as those involved with housing systems 
(see Chapters 6 and 7) we see greater challenges involved with this approach. A 
decade ago many animal welfare researchers were hopeful that these physiological 
measures would provide “hard” scientific evidence to address welfare concerns. 
However, the findings reviewed in Chapter 3 illustrate that much care is needed in 
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interpreting these measures. For these reasons we see limited practical value in this 
approach of assessing animal welfare.

While rooms could be filled with the books and articles that cover the health and 
nutrition of cattle, the scientific study of cattle behaviour is still in its infancy. Many 
of the most controversial issues in animal welfare have focused on the behaviour of 
animals. The ability to express natural behaviours is considered by many as an 
inherent part of animal welfare, above and beyond the relationship between these 
behaviours and the animal’s health or emotional state. Although we are critical of 
the naive suggestion that “natural systems” are always better for animal welfare, we 
review evidence in Chapter 4 of how an improved understanding of natural behav-
iour can lead to important insights in the design and management of production 
systems for cattle. For example, in Chapter 8 we illustrate how understanding the 
way a calf interacts with the cow in natural systems can be used to improve the 
design of mechanical feeding systems for calves to allow for the more natural 
expression of feeding behaviour and much higher rates of growth. It is important to 
emphasise that mechanical feeding systems, varying from simple buckets to 
automated nipple feeders, look nothing like the “cow” but seem to meet the calf’s 
needs in a system that is still amenable to intensive production. An improved 
knowledge of behaviour is important in that it may be useful as a window into the 
emotional states such as pain and distress. As with the physiological measures 
discussed above, some of the key challenges are to demonstrate that the behavioural 
measures are valid indicators of the underlying welfare state of the animals.

Such examples also illustrate a broader issue of how improved knowledge and 
training in animal behaviour may lead to further insights in the design of production 
systems and in the interpretation of scientific results in other disciplines, including 
nutrition and physiology. An ongoing challenge for future researchers is identifying 
which natural behaviours are truly important to the animals and need to be incor-
porated into the production and management systems that we design. While few 
would argue that sucking behaviour is important for calves, other behaviours like 
foraging or maternal behaviour in adult cattle still need to be studied. A particular 
area of interest is play behaviour in young animals that is often prevented in 
individual housing (see Chapter 7).

While the first four chapters of the book set the stage in terms of general issues 
of defining and assessing animal welfare, the second part (Chapters 5–10) addresses 
specific risks to animal welfare within beef and dairy production systems and ways 
in which these may be alleviated.

In many ways, the most obvious types of welfare concern are those that 
involve acute or short-term painful or frightening procedures, as addressed in 
Chapter 5. Although housing and other factors may end up having more  important 
and longer-term consequences, it is these short-term procedures that are most 
likely to attract public attention and they are arguably those that are the most easiest
to address. Over a decade of research, dozens of scientific publications have 
illustrated that dehorning is painful for calves and have demonstrated that a 
 variety of interventions can be used to reduce this pain. Most obviously the use 
of polled sires can alleviate the need for the procedure. However, many producers 
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have yet to adopt these solutions, suggesting that an ongoing challenge is increasing 
producer awareness and motivating changes in practice. Here the challenge for 
animal welfare researchers is to collect data that will be more useful to producers 
in making their decisions, for example, understanding the production consequences
of these painful procedures and how these may affect the health of cattle. 
Moreover, researchers need to develop solutions that are relatively easy for 
producers to adopt such as those that reduce costs and labour. For example, 
breeding to a polled sire alleviates the pain associated with dehorning and reduces 
costs and labour for the producer.

We argue in Chapters 6 and 7 that the way animals are housed has the largest 
and longest lasting impact on the health and welfare of cattle. Although each of the 
topics addressed in this book have their own challenges in terms of research 
methodology, we show that some of the most serious flaws in experimental design 
come from comparisons among housing systems. Specifically, many authors have 
tried to draw general conclusions about housing features by comparing one instance 
of one design with a single instance of an alternative design. As many readers will 
understand, there can be much variation within any one housing system and the 
details in which these systems are managed will have as much affect on the animals 
as the system itself.

Cattle are social animals and in all areas of cattle production there is a large 
growing use of group housing systems. While group housing has advantages for 
animal welfare as it provides social contact and increased space for animals, it also 
comes with special challenges including increased risk of health problems and 
increased aggression. For example, when producers move from tie stalls to free 
stalls they frequently witness an increase in hoof pathologies. A challenge for 
researchers is to develop management and housing alternatives that overcome these 
problems. In this case, changes in the design of flooring systems may help reduce 
the risks of hoof disease in free-stall housing.

Work on housing is often followed with particular interest by producers and 
indeed much of the published research on cow comfort was motivated by specific 
requests from the cattle industry. This has meant that research findings in this area 
have found a ready audience and rapid uptake by many segments of the industry. 
More generally, this illustrates how close cooperation between researchers and 
producers can facilitate early adoption of improved practices. That said, there has 
been little study of factors leading to adoption of new technologies and practices on 
farm. For example, it is our impression that in North America ideas that can be 
marketed by an existing industry through the products and services that they offer 
are most likely to be adopted quickly. In a European context, research that best 
resonates with legislators may be most likely to be applied on farm.

The way that animals are fed can have important and long-term effects on their 
welfare. The effect of feeding and nutrition on animal welfare is often underappreci-
ated by the general public and animal scientists and consequently has received little 
research attention in the published literature. The effect of diet composition on pro-
duction traits has been well studied but how both the quality of the diet and the way 
it is delivered affect the welfare of cattle is much less understood. In Chapter 8 
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we review the effects of limit feeding and the lack of foraging opportunities. For 
example, diets fed to beef cattle that are high in soluble carbohydrates with little 
fibre are associated with an increased risk of acidosis and liver abscesses. We believe 
that this is the most serious welfare problem affecting feedlot cattle. Although, the 
role of specific nutrients on cattle health is reasonably well researched, this under-
standing is not always reflected in production practices. Of particular interest is 
colostrum feeding – although the health benefits for calves are well documented, 
many animals still are not provided adequate quantity or quality to achieve passive 
immunity. Despite the apparent ease with which this problem could be solved, we 
believe that failure of passive transfer due to inadequate colostrum feeding practices 
remains one of the most important welfare concerns for dairy calves.

As argued earlier, the details in how housing systems are managed greatly 
influences welfare. In Chapter 9 we discuss stockmanship and how interactions 
with people can affect cattle welfare. These interactions can be important both 
because of the immediate effects they can have on the animal, and because animals 
can learn to associate positive or negative interactions with specific people or 
contexts. Of particular interest to producers is evidence linking poor handling prac-
tices with lower production. Of special interest to social scientists is increased 
understanding of the attitudes of animal caretakers and how these attitudes affect 
treatment and care and how both attitudes and behaviour can be changed through 
training and education. We strongly advocate the increasing professionalization of 
stock people and encourage the cattle industry to provide and implement training 
procedures that will improve cattle well-being and job satisfaction and safety for 
the people that work with these animals.

There are several potential audiences for this book including scientists interested 
in research on the welfare of cattle and for this group we hope that we have 
 identified some of the key weaknesses in previous research as well as some of the 
important questions that still need to be addressed. The second audience are  students 
of agriculture and veterinary medicine that are becoming increasingly aware of 
animal welfare concerns and who need more information to address these concerns 
in their profession. The third audience is the regulatory community including pro-
ducer organizations, retailers, and others that may be interested in assessing aspects 
of animal welfare on farms. This is a growing area of interest as well as an impor-
tant challenge both practically and scientifically. There is a need to develop meas-
ures that can be scored reliably, are practical for the assessors, and provide useful 
information about the real state of welfare of the animals on that farm. Finally, pro-
ducers, veterinarians, and extension personal that are visiting or working on farms 
will value some of the scientific results reviewed above, and will, we hope, be able 
to draw new insights into how better to manage, house, and handle the animals 
under their care.
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