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Here, I provide a guide for those new to the burgeoning

field of animal welfare science as to what this compre-

hensive, relatively young discipline is all about. Drawing

on all branches of biology, including behavioural

ecology and neuroscience, the science of animal welfare

asks three big questions: Are animals conscious? How

can we assess good and bad welfare in animals? How

can we use science to improve animal welfare in

practice? I also provide guidelines for an evidence-

based approach to welfare issues for policy makers

and other users of animal welfare research.
Introduction

Animal welfare issues increasingly force themselves
onto everyone’s agenda: scientists have to provide
environmental enrichment for their animals for welfare
reasons [1]; zoos are under pressure for confining wild
animals in cages [2]; farming practices are criticized and
debated [3] and people are urged to buy free-range eggs
and meat on the grounds that the welfare of the animals
is better. Many welfare issues are so vast that people
avoid thinking about them. For example, 2!1010 broiler
chickens are killed for meat worldwide each year [4],
and uncounted millions of rodents are killed, most
commonly with anticoagulant poisons, because they
are pests [5].

Here I provide a guide to the burgeoning science
of animal welfare, now one of the most comprehensive of
all the biological sciences, a discipline that embraces
behavioural ecology, evolution, neuroscience, animal
behaviour, genetics, cognitive science and even conscious-
ness studies. The guide is intended for ‘users’ of animal
welfare science, not so much those already working in the
field, but the many other people for whom the results of
welfare research increasingly matter, such as philoso-
phers interested in animal emotions, politicians and
legislators confronted with public demands for improve-
ments in the treatment of animals and behavioural
ecologists interested in the ways animals make decisions
and respond to real and perceived threats to their fitness
[6]. Indeed, I hope to encourage more readers of TREE to
take up some of the challenges raised by studying the
welfare of animals (Box 1). The views expressed are
my own.
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What is animal welfare science?

Animal welfare is no more – and no less – difficult to define
than is human welfare [6,7]. When we talk about good
welfare for humans, we mean that someone is in good
health and that their emotions are generally positive: that
they are ‘fit and feeling good’ [8]. Poor human welfare
comes not only from ill-health, injury and disease but also
from states such as stress, frustration, boredom, lone-
liness or grief. Many of these mental symptoms also
appear as physical symptoms, but not always, so that, for
humans, we make a distinction between physical well-
being and mental well-being. So it is with animals [6–8].
Good animal welfare also starts with physical health,
which is why animal welfare sciences has its roots in
veterinary medicine, although it does not stop there. Good
welfare implies that animals also have positive emotions,
such as pleasure and contentment, rather than negative
ones, such as fear or frustration, which we humans label
‘suffering’ [7,8]. Animal welfare science has met this
challenge by asking three big questions: (i) Are animals
conscious? (ii) How can we assess good and bad welfare in
animals? (iii) How can science be used to improve animal
welfare in practice?
Are animals conscious?

Although many people believe (without the need for
science) that other animals consciously experience pain
and suffering in ways that are similar to the ways in which
humans do, an exciting development in animal welfare
science is that it is now beginning to embrace advances in
other disciplines that tackle the issues of consciousness
itself [9–11] and so can potentially appeal to those more
sceptical people for whom the issue of animal conscious-
ness is not obvious.

From a scientific point of view, human consciousness is
the hardest problem in biology [12,13]. We have no idea
how the populations of nerve cells that comprise our
brains give rise to conscious thoughts and emotions or
even the most basic feelings of pain and hunger
(sentience) in ourselves. This ignorance of how our own
consciousness is caused makes it difficult to know what to
look for as evidence for it in other species, particularly
those, such as birds, whose brains are anatomically
different from ours [14].

The situation is further complicated by recent dis-
coveries from psychology that many complex actions in
humans (e.g. driving a car or playing a musical instru-
ment) can be carried out quite unconsciously [11,12,15].
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Box 1. The behavioural ecology of animal welfare (a personal view)

Adopting an evolutionary approach could help us to understand what

might improve animal welfare, for the following reasons:

(i) The domesticated and captive species whose welfare

concerns so many people carry with them an evolutionary legacy

of responses that, in the wild, helped them to survive and

reproduce (e.g. fleeing from predators, seeking water or shelter)

(Figure I).

(ii) These mechanisms are of two types: direct threats to fitness

(which can be assessed as reduced health and loss of reproductive

success) and anticipated threats to fitness, where the animal behaves

‘as if’ trying to avoid some future danger [6,7]. For example, a perfectly

healthy animal with no predator in sight might be highly motivated to

seek cover because natural selection has favoured those of its

ancestors that had an emotional state of fear in open spaces and

immediately sought cover.

(iii) Good welfare consists of good physical health (no direct threats

to fitness) and the animal having what it wants (no anticipated threats

to fitness that are stimulating the animal to escape or seek something

it needs).

(iv) The ethical issues in animal welfare arise from the fact that the

direct and indirect threats to animal fitness are caused by human beings.

(v) Paradoxically, it is the evolved mechanisms for coping with

anticipated threats to fitness (such as the fear that leads an animal to

avoid a dangerous place) that causes more concern about welfare than

the direct threats themselves. Humane death, for example, is regarded

as less of a welfare problem than causing pain, fear or frustration to a

healthy animal. [6].

(vi) Behavioural ecologists have a major role to play in under-

standing the mechanisms by which different species respond to

threats to their fitness and thus in defining what constitutes ‘welfare’

(health and what the animal wants) for different species. Fruitful lines

of investigation might be: the ‘honesty’ or otherwise of signals [53],

the dynamics of weaning conflicts, the way animals balance anti-

predator strategies with their other needs and the role of social

facilitation decision-making. Just understanding how the time

budgets of captive or domestic animals differ from those of their

wild or feral counterparts provides a baseline or jumping off point for

Figure I. Pig-rearing system inspired by a study of feral pig behaviour [59].

Photograph reproduced with permission from FAI (http://www.faifarms.co.uk).
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Some human patients with certain sorts of brain damage
can successfully reach out and touch objects in front of
them but then say that they are not conscious of seeing
them at all [16]. They are thus simultaneously blind
(consciously) and sighted (unconsciously guided reaching).
For much of what we do, there appear to be multiple
routes to the same behaviour, only some of which involve
consciousness [15]. But if the same action (e.g. breathing
or stretching a limb) can occur in humans through either a
conscious or an unconscious pathway, the argument that if
the behaviour of another animal is similar to that of a
human, that animal too must be conscious [17] is
weakened. An animal could be doing the same behaviour
but using its evolutionarily older unconscious circuits [18].
Even human emotions can be unconscious [15,19]. For
example, people can be subliminally influenced in how
they interpret a stimulus by a brief (50 ms) flash of a
happy or sad face immediately beforehand, even when
they have no conscious awareness of having seen any
faces [20].

Greater understanding of the human brain has thus
made deciding which non-human animals are conscious
more difficult than ever. However, new research findings
have opened up some intriguing ways forward.
Animal cognition

Griffin [21] argued that consciousness in humans evolved
to enable adaptively flexible behaviour and that, therefore,
the best way to find evidence for consciousness in animals
would be to look for adaptively flexible behaviour in other
species. The problem, as we have seen, is to make the link
www.sciencedirect.com
between the complexity of behaviour and conscious
experience. For example, chimpanzees can recognize
themselves in mirrors in the sense that they use mirrors
to respond to, or examine parts of, their bodies that they
cannot usually see [22]. Although this might indicate self-
awareness and a conscious knowledge of self [23,24], there
is no necessary conscious component at all [25].

The complexity of social life has been suggested as the
driving force for the evolution of consciousness, on the
grounds that deception, cheating and trying to
outwit cheaters require a particularly complex type of
forward planning and perspective taking [26]. However,
apparently complex outcomes can result from simple
rule-following [27]. For example, ‘cheats’ do not have to
be detected by an elaborate working out of ‘what would I
do in his place?’, but lose out to simple strategies such as
tit-for-tat and its variants [28] in which animals
remember what happened in past encounters and act
accordingly. Even simpler ‘win-stay-lost shift’ strategies
result in animals moving away from places where social
rewards are not forthcoming [29] so that non-cooperators
automatically lose out on long-term benefits with no
consciousness on either side.

Recently, particular attention has been focused on the
possibility that animals monitor the state of their own
memories. Monkeys perform better on some tasks when
allowed to choose for themselves whether to take the test
or an easier but less rewarding option than when the
experimenter decides for them, suggesting that the
monkeys knew how much they knew [30]. Although we
should not forget that computers can be programmed to

assessing welfare.
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behave differently depending on how uncertain they are
about an outcome, experiments of this sort have opened up
new possibilities for asking animals about what they
think they know even though we cannot use words to
ask them [9,11]. Studies of animal cognition continue to
amaze us with what animals can do and deliver a major
assault, if not a complete solution, to the problem of
animal consciousness.

Pleasure and suffering

The second category of evidence for animal consciousness
centres more explicitly on basic sensations of pain,
pleasure and suffering, also called sentience or
‘phenomenal consciousness’ [31]. One approach is to ask
humans about their conscious experiences of pain or
pleasure and then to use the similarity of behaviour of
humans and other animals, such as rats, when both are,
say, deprived of water, to infer that the thirsty rat, similar
the thirsty human, has the same conscious experience of
pleasure in the taste of water [32].

Impressive in this context is the phenomenon of self-
medication (i.e. animals learning to give themselves drugs
that are known to give relief from pain or anxiety in
humans) [33]. Broiler chickens given the choice between
two coloured foods, one of which contained Carprofen, a
non-steroidal anti-inflammatory drug that relieves pain in
humans, will learn to choose the colour with the analgesic,
but only if they themselves are lame and have obvious leg
weaknesses. Healthy birds have no such preference [34].
For many people, this is enough to show that birds with
bad legs experience pain in the same way that we do, but
strictly speaking, a non-conscious explanation is possible.
A vehicle could be designed to fill itself with one of several
kinds of lubricant, based on which one had, in the past,
been shown to result in the lowest fuel consumption. It
could be said to find one lubricant more ‘rewarding’ (more
likely to be ingested in future). It would not have to be
conscious. The gap between doing and feeling is still there,
however small it might seem.

Anatomy and brain function

The most direct way of deciding whether animals are
conscious would be to compare their physiological equip-
ment and brain functions with our own [35]. Pain in
mammals [36,37] and, to a lesser extent, birds [38] has been
well studied and, more recently, the discovery of nociocep-
tors in fish [39] has led to the view that they also feel pain
and can suffer [40,41]. On the basis of physiological and
behavioural responsiveness, even invertebrates cannot be
dismissed [42]. But definite answers to the questions of
whether they consciously experience pain as we do (does
their pain hurt?) and suffering (does it matter to them?)
remain frustratingly elusive [10,43], particularly as our
own pain can be modulated by input from different brain
pathways [44]. Far from resolving the question of animal
consciousness, comparative brain anatomy has lead
McPhail [16] to conclude that only humans are conscious,
and Baars [45] to come to the different conclusion that at
least all vertebrates are.

Even the promise of being able to use non-invasive
brain imaging techniques such as PET and fMRI, to
www.sciencedirect.com
compare human and animal brains [23] will be a long time
bearing fruit. It has been more difficult than anticipated to
find the neural basis of consciousness in humans [12,31]
Consciousness, as an evolved feature, is properly part of
biology, but, it is difficult to study.

How can good and bad welfare be recognized?

The second major question that animal welfare sciencedeals
with is how to measure and assess animal welfare [7,46].
Poor physical health, caused by disease, injury or deformity,
is relatively straightforward to recognize and can often be
quantified, for example, by scoring how well an animal is
walking or the size of lesions on its body. Other, less obvious
measures of decreased health, such as depressed immune
function [47], resource-dependent changes in the sex ratio of
offspring and reduced food intake [48], have recently been
imported from other disciplines. These can often give an
indication that all is not well with the animal before clinical
symptoms become obvious. To go further and investigate the
mental health stateof an animal, wecan use both physiology
and behaviour.

The physiological measures of welfare that have been
used so far have been autonomic responses, such as
increased heart rate and raised levels of hormones such as
corticosteroids (‘stress hormones’ [7,49]. Although these
are objective measures, they can be difficult to interpret in
welfare terms because many of these changes are part of
the adaptive way in which the animal responds to its
environment, and because apparently pleasurable activi-
ties, such as sex and hunting prey, can lead to similar
changes to those that are apparently unpleasant, such as
escaping a predator [50,51]. Even in humans, it is difficult
to judge whether someone is feeling angry, fearful or just
plain excited just from knowing what their autonomic
responses are [52]. We will never understand the
physiology of animal emotions just by looking at
autonomic responses. We need to understand what is
going on in their brains [23].

Behaviour has the advantage that it can be studied
non-invasively and can give a direct insight into the view
of the situation from the perspective of the animal.
For example, the squeals of piglets give an ‘honest’
indication of how hungry they are [53]. The apparently
simple question: ‘Does the animal have what it wants?’ is
the key both to whether it is being treated in ways it
dislikes (e.g. pain it wants to avoid) and to whether it is
deprived (it wants something it does not have) [54].

We now have several different ways of ‘asking’ animals
what they want and whether they find the situations they
are in pleasurable or distressing.. For example, rats have
been shown to press a bar more for the reward of being
allowed access to a cage containing other rats than they
will for an empty cage, indicating that being with social
companions is something they want [55]. Caged mink will
push doors to gain access to a water bath and will continue
to do so even when the doors are loaded with weights, but
they will not make this effort for an empty cage or a cage
full of novel objects [56], suggesting that access to water to
swim in is something that is important to them.

Faced with a diversity of different welfare ‘measures’,
some of which seem to contradict each other (animals do
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not always choose what is best for their long-term health,
for example), animal welfare scientists have taken one of
two complementary approaches. One strategy is to take
the sum of as many measures as possible (behavioural,
health, physiological) and to use a check list of different
ones [57], and to ‘triangulate’ on what is good welfare. The
other is to focus on just the two questions: ‘are the animals
healthy?’ and ‘do they have what they want?’ [54]. For
example, the fifth of the ‘Five Freedoms’ that the Farm
Animal Welfare Council [58] argued were essential to good
welfare is the ‘Freedom to perform most natural patterns
of behaviour’. But is natural behaviour essential for
welfare? After all, being chased by a predator is natural
for most wild animals but it is not obviously good for
welfare. By asking whether the health of an animal is
improved by being allowed to behave naturally and
whether the animal shows evidence of wanting to do the
behaviour, we can distinguish between natural behaviour
that does improve welfare and that which might not [59].
Similarly, the distinction between stereotypies (repeated
fixed behaviours with no apparent function) that might
indicate reduced welfare [7] and those that are positively
beneficial for the animal [60] can equally be established
using the ‘two question’ approach. Some stereotypies
actually seem to benefit the health of the animal. Repeated
biting of wooden doors or food troughs shown by some
stabled horses [61], for example, is associated with reduced
gastric ulcers, possibly because the ‘abnormal’ behaviour
stimulates the production and swallowing of salive which
in turn protects the stomach from excess acid. Others, such
as bar-biting in restricted sows, where the animal rubs its
mouth until it bleeds, indicate poor welfare on the most
basic health grounds [7]. As emphasized earlier, there is no
one single measure of welfare.
How can science be used to improve animal welfare in

practice?

Having measured good and bad welfare, it is then
necessary to translate what has been found into
Box 2. Improving animal welfare in practice

Genuine improvements in the welfare of animals are most likely to

occur if legislators and other users of animal welfare science follow

certain key guidelines:

(i) Suggested improvements in animal welfare, such as environ-

mental enrichments, giving animals more space, should be based on

answers to two questions: will they genuinely improve animal

health? Will it give the animals something they want?

(ii) Many different sorts of measurements – health, behaviour and

physiology – might have to be made to answer these as there is no

single measure of welfare.

(iii) Answers should, as far as possible, be derived in situ – in the

place where there is concern for animals such as on commercial

farms and in zoos, rather than from small scale studies which might

not reflect the real world. This means using large scale experiments,

an epidemiological approach or systematic meta-analysis of

published data.

(iv) Giving animals ‘the benefit of the doubt’ and enacting

legislation without such evidence might give short-term satisfaction

to campaigners but could make genuine improvements more difficult

to achieve by distracting resources and attention.

(v) Improvements in animal welfare should be studied in the

context of human health, food safety and environmental protection.

www.sciencedirect.com
improvements in the treatment of real animals – those
on commercial farms and in zoos, for example. Animal
welfare science has already resulted in changes to the laws
governing the treatment of animals [62,63] but there
remains much research that does not get taken up in
practice [64]. Although there are many possible reasons for
this, including commercial pressures against change, and
a lack of funding to develop a research idea into a practical
solution, the way in which research is conceived and
conducted might have also been partly responsible. Two
recent developments might help to change that (Box 2).

First, it is increasingly recognized that carrying out
research on commercial farms in cooperation with farmers
and other ‘end-users’ will greatly increase the applica-
bility of the results of welfare research compared to
relying on smaller scale studies carried out in a laboratory.
This involvement can take the form of epidemiological
studies of what is currently happening on farms [65] and
even participation in farm-level experiments. For
example, 11 major broiler chicken producers in the UK
and Denmark recently agreed to manipulate the stocking
density (‘crowding’, as measured by kg mK2) of whole
chicken houses in a coordinated experiment that involved
O2.7 million birds [66]. This gave policy makers a better
preview of the probable effect of enacting legislation to
change stocking density than any small-scale laboratory
could have done and indicated that limiting stocking
density would have much less effect on chicken welfare
than previously supposed. Working directly with farmers
has the further advantage that other factors, such as food
safety, can be studied simultaneously so that policy
decisions can be based not only on what is best for animal
welfare, but also in the wider context of human health,
effects on the environment and what the public wants to
see happening [67].

Second, critically evaluating already published data
through the evidence based approach that has revolutio-
nized clinical medicine [68] and is beginning to be used in
veterinary medicine [69] and conservation [70,71] greatly
increase the value of research findings. Although it might
seem obvious to say that animal welfare decisions should
be evidence based, this is by no means always the case in
practice. For example, a recent European Union report on
the welfare of broiler chickens [4] based its conclusions for
legislation on O500 publications, but made no attempt to
rank the publications on their research quality, magnitude
of effect, sample size or whether the studies were
conducted on commercial farms or in small groups. By
contrast, controversial issues such as whether ‘enrich-
ments’ really improve welfare [2] or what can be done to
reduce stereotypies in zoo animals [59,72] are now being
tackled more usefully by objective evaluation of large
numbers of already published research papers.

Conclusions

Animal welfare science thinks big. It asks big questions
about animal consciousness, animal health and animal
emotions and it tackles big issues that affect millions of
people and billions of animals. To do so, it draws on a
variety of new techniques and approaches so that it is now
one of the most comprehensive of all the biological
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sciences. Animal consciousness is central to the study
of animal welfare but is still, tantalizingly, the
‘hard problem’ and needs to be respected as such.
There is no single measure of animal welfare (no
convenient equivalent of a litmus test) but focusing on
two issues – what improves animal health and what the
animals themselves want – will help to bring about
genuine improvements to animal welfare in practice and
ensure that legislators can make evidence-based
decisions. Although the most controversial issues in
animal welfare concern the way humans treat captive
and domestic animals, the ways those animals respond are
rooted in their evolutionary past and in how their wild
ancestors responded to threats to their fitness. Beha-
vioural ecologists thus have a major contribution to make
to animal welfare science by connecting this evolutionary
legacy to what now matters to the animals themselves.
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