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ABSTRACT 

Dawkins, M.S., 1988. Behavioural deprivation: a central problem in animal welfare. Appl. Anita. 
Behav. Sci., 20: 209-225. 

A key issue in animal welfare is whether keeping animals in conditions where they cannot or do 
not perform behaviour typical of more naturally-kept members of their species causes them to 
suffer. Various measures have been used to resolve this issue. The cost an animal is prepared to 
pay for the opportunity to perform different behaviour can be used as a measure of the importance 
of that behaviour to the animal. Manipulation of time-budgets is the most reliable method of 
measuring such costs and of relating "deprivation" to "suffering". 

1. INTRODUCTION 

To be concerned about animal welfare is to be concerned with the subjective 
feelings of animals, particularly the unpleasant subjective feelings of suffering 
and pain (Dawkins, 1980; Baxter, 1983b; van Rooijin, 1984; Zayan and Dun- 
can, 1987). One of the most important tasks in the study of animal welfare is, 
therefore, to identify observable external indicators of these internal subjective 
feelings. Of these, health criteria are the least controversial, since disease and 
injury are widely accepted as sources of suffering (e.g. Loliger, 1985 ). However, 
where the animal is apparently healthy and the suffering, if it exists, does not 
result in clinical symptoms, there is still a need to clarify which indicators, 
both physiological and behavioural, are the most useful (van Putten, 1981; 
Brown, 1981; Tschantz, 1982; Banks, 1982; Dantzer et al., 1983; Smidt, 1983; 
Craig and Adams, 1984; Duncan 1974; Ewbank, 1985; McBride and Craig, 1985 ). 

The problem is not, however, just that of deciding which physiological or 
behavioural variables to look at, but of knowing how much of a change in these 
variables constitutes suffering (Hill, 1983; Kilgour, 1985; Barnett et al., 1985 ). 
Changes in hormone levels or in the frequency of certain sorts of behaviour do 
not in themselves constitute suffering (Hughes, 1980). What is of concern 
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from the welfare point  of view is whether the conditions that  give rise to these 
changes actually matter to the animals. 

In the absence of clinical signs of disease or injury, most suffering (here 
taken to mean intensely and/or  enduring unpleasant subjective feelings) can 
be divided into two categories: 

(1) Suffering caused by the presence of conditions or t reatments that  an 
animal is motivated to get away from or avoid but cannot (aversion); 

(2) Suffering caused by the absence of certain conditions, where the animal 
is motivated to perform a behaviour but unable to perform it because of phys- 
ical restraint or lack of suitable stimuli (deprivation). 

In both aversion and deprivation, the animal is motivated to do something 
but prevented from doing it. In both cases there is the further implication that  
this state of being prevented from behaving in certain ways has to be either 
intense or prolonged or both (van Rooijen, 1984) to count as suffering, since 
an animal that  had a mild temporary itch it could not scratch would not be 
said to be "suffering". The key to recognizing suffering is, therefore, to estab- 
lish how strongly the animal is motivated to do something (Dawkins, 1983a, 
b). 

Following Russell and Burch's original (1959) suggestion, Rushen (1986a,b) 
has recently reviewed some of the techniques of aversion-learning that  can be 
used to determine the aversiveness of various husbandry treatments to ani- 
mals, using the "cost" the animal is prepared to pay to avoid them. He argues 
that  "cost" can be gauged by comparison with the effects of electric shock, 
specifically, on conditioned suppression of previously learned habits. This ap- 
proach is highly promising for establishing the aversiveness of transitory pro- 
cedures, such as the way an animal is handled before capture and loading. 
Longer-term effects leading to "deprivation" where an animal may be housed 
in conditions that  prevent it from performing many of its behaviour patterns 
for long periods of time require a somewhat different approach. Nevertheless, 
measuring the "cost" an animal is prepared to pay to change its situation or to 
avoid change may, even for chronic long-term states, be the most direct method 
we have of establishing whether the animal suffers (Rawlins et al., 1980). The 
purpose of this paper is to examine the various ways in which this might be 
achieved and to argue that  manipulation of time-budgets is the most promising. 

2. W H A T  IS D E P R I V A T I O N ?  

Behavioural deprivation implies not only that  an animal is prevented from 
performing behaviour that  a less restricted member of its species would per- 
form, but also that  adverse effects arise as a result. Thorpe (1965, 1967) be- 
lieved that animals suffered if unable to perform the full repertoire of behaviour 
shown "in nature", a view supported by Martin (1975) and more recently by 
the Farm Animal Welfare Council (1986). 
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However, the mere existence of differences in behaviour between two groups 
of animals (e.g. intensively housed and free-range) does not necessarily imply 
"deprivation" or suffering, for the following reasons: 

(1) the animal may have acclimatized or adapted to its environment, e.g. 
tameness shown by a zoo animal to its keeper. 

( 2 ) there may be genetic differences between the intensively housed and the 
wild or feral animals used for comparison (Wood-Gush, 1973; Beilharz and 
Zeeb, 1981 ). 

(3) behaviour strongly dependent on external stimuli (e.g. anti-predator 
behaviour) may not be shown in an intensive system because of the absence 
of the suitable eliciting stimuli (Hughes, 1980), or the animal may be provided 
with food and nesting material and so not be motivated to seek them out as it 
would do in the wild (Baxter, 1983b). 

Lorenz's (1950) view that all behaviour resulted from the accumulation of 
"motivational energy" that built up over time and needed to be discharged has 
been replaced by the realisation that motivation underlying different behav- 
iours may be very different (Hinde, 1970; Lorenz, 1978; Hughes, 1980; Halli- 
day, 1983). The consequences of not performing a behaviour may also be very 
variable. In some cases, the deprived animal may undergo an increasing mo- 
tivation to do the prevented behaviour (e.g. drinking) and suffering results if 
the deprivation continues. In other cases, "out of sight" is "out of mind" and 
the "deprived" animal is not motivated to do the behaviour even if it has not 
performed it for a long time (Heiligenberg and Kramer, 1972). It is now clear 
that deprivation of some activities has far more serious welfare consequences 
than deprivation of others (Nicol, 1987). 

"Suffering through deprivation" is sometimes expressed through the very 
similar idea ofbehavioural "needs" (Bessei, 1980; Folsch, 1980; Wegner, 1980; 
van Putten, 1981 ), with the implication that animals suffer if they are unable 
to fulfill these needs, but the terms "needs" is so ill-defined (Dawkins, 1983b; 
Ewbank, 1985 ) that it does not clarify the issue at all. It still leaves the question 
of how strong a need has to be before the animal is said to be suffering (does a 
need to scratch a small itch constitute suffering? ). We are back with the prob- 
lem of measuring the strength of an animal's motivation to do something, 
whether we describe it as "deprivation" or "unmet need", and only when we 
can do that will we be able to relate either concept to that of "suffering". 

3. WHEN DOES DEPRIVATION BECOME SUFFERING? 

Deprivation becomes suffering when an animal is prevented (either through 
physical restraint or lack of suitable stimuli) from performing behaviour that 
it "wants" to do to such an extent that it experiences intense or prolonged 
unpleasant subjective feelings. In some cases, as with prevention of feeding 
behaviour, the deprivation eventually results in loss of physical condition and 
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even death. Animals experience the unpleasant state of hunger when their food 
reserves become low enough to be life-threatening. Subjective feelings, includ- 
ing the unpleasant ones of "suffering", have a biological function (Baerends, 
1973; Griffin, 1976; Dawkins, 1980; but see van Rooijen, 1981 ), in this case as 
part of a mechanism for restoring diminishing food reserves. 

In other cases, as with the deprivation of dust-bathing in battery-caged hens, 
death may not result, but we still have to consider the possibility that  intensely 
unpleasant subjective feelings result from the prevention of dust-bathing for 
exactly the same reason that  they do in the case of hunger. This is that  in 
nature deprivation of dust-bathing could be life-threatening (e.g. through lack 
of feather care leading to increased risk of predation from ineffective escape 
flight). Despite the possible genetic differences that  may exist between our 
domestic animals and their wild ancestors (Beilharz and Zeeb, 1981 ), domestic 
animals are not man-made for confinement. They bring with them an evolu- 
tionary legacy from the past, and a large part  of that  evolutionary legacy is a 
mechanism for becoming most highly motivated to perform that  behaviour 
which, at any one time, is most important  to their survival and reproduction 
or, more precisely, where a failure to do the behaviour will result in the greatest 
cost (McFarland and Houston, 1981). We can easily see that  deprivation of 
the opportunity to feed will lead to a state in which the animal's chances of 
survival are threatened; it will become highly motivated to feed and will suffer 
(both physically and mentally) if unable to do so. It is less easy for us decide 
whether deprivation of other behaviour, such as dust-bathing or fighting a ri- 
val, results in similar high motivation and suffering. Several different indica- 
tors have been used to establish whether or not deprivation does lead to high 
motivation to do prevented behaviour. 

a. Vacuum activities 

It has been argued (e.g. Black anu Hughes, 1974; van Put ten  and Dammers, 
1976; Vestergaard, 1980) that  if animals perform behaviour in the absence of 
suitable stimuli (in a "vacuum" ), they must  be very highly motivated indeed. 
This view owes much to the models of Lorenz (1950, 1978), which have been 
extensively criticised (Hinde, 1970). One problem with using the observation 
that  animals will perform behaviour with low levels or none of the normal 
stimuli is that  the performance of the "vacuum" activity may itself reduce the 
motivation to perform the behaviour (cf. Heiligenberg, 1965). 

b. Accumulat ion or rebound effects 

Animals deprived of the opportunity to perform certain kinds of behaviour 
may sometimes show a greatly increased tendency to perform that  behaviour 
when eventually given the opportunity (Wennrich and Strauss, 1977; Vester- 
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gaard, 1980; Sambraus, 1982; Nicol, 1987). While this could sometimes be ex- 
plained by the animals responding to the novelty of the opportunity given to 
them, the high levels of responding do, in at least some cases, seem to be due 
to the fact that  motivation to do the prevented behaviour was indeed rising 
during the period of deprivation (Vestergaard, 1980; Metz, 1985; Nicol, 1987). 

c. Conflict, frustration and stereotypies 

With "vacuum activities", natural behaviour is performed in situations with 
inadequate stimuli. With "rebound" effects, it is performed at increased fre- 
quencies when the chance presents itself. However, there is another category 
where the animal may perform quite novel behaviour, or at least novel in its 
context. 

For example, if an animal is physically prevented from reaching its food or 
does not find water where it has learnt to expect it, it may show a range of 
behaviour apparently unrelated to feeding or drinking such as pacing, aggres- 
sion or grooming (e.g. Duncan, 1970; Roper, 1984). 

If confined over a period of time, animals may develop "stereotypies" - fixed 
sequences performed repetitively with no obvious function such as bar-biting 
in tethered sows (Wiepkema et al., 1984). The causal basis of stereotypies is 
still unclear (Broom, 1983; Rushen, 1985; Appleby and Lawrence, 1987), and 
performing them may even form part of an animal's means of coping with a 
restricted environment through the release ofendorphins (Dantzer et al., 1983; 
Weipkema et al., 1984). Nevertheless, when animals perform stereotypies for 
long periods of time (Broom, 1983, suggests 10% of the animal's waking life as 
a criterion), it is widely accepted that  they are highly motivated to do behav- 
iour that  they cannot do, and that  therefore their welfare must be impaired 
(Broom, 1983; McBride and Craig, 1985). 

There are, then, a number of indicators that  have been used for establishing 
high motivation in animals deprived of the opportunity for performing certain 
kinds of behaviour. All of them, however, have the same drawback; they still 
leave open the question of how high the prevented motivation has to be before 
we conclude that  suffering is taking place. How much vacuum activity, how 
much of a rebound, how much stereotypy indicates suffering? 

We may have evidence that  depriving an animal of the opportunity to behave 
in certain ways may lead to high motivation to do that  behaviour, but we still 
do not know how much that  deprivation matters to the animal itself. To do 
that, we have to find ways of asking the animal how much it is prepared to pay 
to satisfy its deprivation. Deprivation becomes suffering when animals are kept 
without environments or opportunities to behave in certain ways which they 
will pay a high "cost" to obtain. 
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4. WHAT IS "COST"? 

For a biologist, "cost" means a decrease in inclusive fitness (Hamilton, 1964) 
which, more practically, can be reduced to meaning a drop in the offspring 
raised (Grafen, 1982). Thus the cost of being injured in a fight is the decrease 
in number of offspring that will be produced by an individual over its lifetime 
as a result of its injury (Maynard Smith, 1982 ); the cost of not eating an item 
of food is the effect on chances of survival and reproduction that not eating it 
will have (for a general discussion, see McNamara and Houston, 1986). 

However this is "cost" measured by biologists who can, with skill, work out 
how many offspring are lost as a result of certain courses of action and how 
many are gained by others (e.g. Austed and Rabenold, 1985). In this, the bi- 
ologist has a great deal in common with those who advocate that productivity 
and reproductive success should be the main measure of welfare (Craig and 
Adams, 1984). However, this is not the same as "cost" as it might appear to 
the animal, where what is important is the animal's own subjective assessment 
of the results of not doing (or being deprived of) something. Sometimes "cost" 
as measured by the biologist and "cost" as measured by an animal will coincide, 
as in the cost of not eating for a starving animal, where there is both a decrease 
in life expectancy and an increase in motivation to feed that rises to "suffering" 
as food reserves fall. Here suffering as experienced by the animal reflects im- 
pending death as assessed by a biologist or veterinarian. 

The biologist's assessment of "cost" and that of an animal may not always 
coincide, however, particularly if the animal is kept in an environment very 
different from that which has shaped its behaviour over evolutionary time 
(Houston, 1988). For example, if a bird of a species that normally migrates in 
winter is kept in a cage, it may be well cared for and its chances of surviving 
the winter may be considerably greater than that of its wild counterpart that 
is free to fly south, but the caged bird does not know this. It may be highly 
motivated to fly (as judged by its repeated attempts to escape); so much so 
that it could be said to suffer from its confinement. Wild birds of this species 
may have little chance of survival if they do not migrate, so the caged one is 
behaving "as if" death were imminent. There is still a link between "likelihood 
of death" and "suffering", but it is not actual death but likelihood of death as 
assessed by the animal (Dawkins, 1983b ). Similarly, the animal in a cage that 
is stared at by a well-meaning human may suffer just as much as the wild one 
being stared at by a hungry predator, even though the real chances of death in 
the two cases are vastly different. 

So it is not just costs (fitness costs) as measured in actual chances of death 
and reproductive failure that matter, important though these are to the health 
of the animal, but "costs" as perceived by the animal (perceived costs). If the 
animal thinks it is in great danger as a result of not performing certain kinds 
of behaviour, then it may suffer, even though it may not be in actual danger. 
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Having safeguarded the physical health of the animal, it is the costs as per- 
ceived by the animal that  have now to concern us, even though the relationship 
between the two is far from simple (Dawkins, 1983b; A.I. Houston and J.M. 
McNamara, unpublished results ). 

5. HOW CAN COST {AS PERCEIVED BY THE ANIMAL) BE MEASURED? 

a. Preference tests and operant conditioning 

Animals can be offered choices between alternatives to see which one they 
prefer (preference tests),  or trained to make some response such as pecking a 
key or pressing a lever to gain access to or avoid certain consequences (operant 
conditioning). Then, when the preferences have been established, the animals 
can be made to pay a "cost" (perceived cost), for example, having to peck a 
key or press a lever many times for the same reward to see whether it is still 
worth it for them. 

Such methods have been used to study farm animal responses to different 
sorts of flooring (Hughes and Black, 1973; Hughes, 1976; Ponteaux et al., 1983; 
Irps, 1983; van Rooijen, 1985), different sized cages (Dawkins, 1981; Nicol, 
1986; Faure, 1986), to the vibration and noise of a transport  vehicle (Bailey et 
al., 1983 ), different temperatures and light levels (Richards, 1976; Curtis, 1983; 
Baldwin and Start, 1985; Morrison and McMillan, 1985 ) and many other fac- 
tors (Kilgour, 1976; Beelharz and Zeeb, 1981). 

If the animal's preference is still apparent when it has to work harder to gain 
access to its most preferred environment (e.g. by changing the number of bar 
presses for the same amount  of reward), the animal is said to show "compen- 
sation" (Hogan and Roper, 1978), "resilience" (McFarland and Houston, 1981 ) 
or, to use the terminology that  psychologists have borrowed from economics 
"inelastic demand" (Lea, 1978, 1980; Staddon, 1980; Hursh, 1984). This is a 
key concept for animal welfare (Dawkins, 1983b), since it provides a method 
of getting animals to show, through their behaviour, how important different 
environments or commodities are to them. 

Not surprisingly, when food is the reward, animals usually appear to be pre- 
pared to work harder for the same amount  of reward (Hogan et al., 1970; Col- 
lier et al., 1972; Marwine and Collier, 1979; Hursh, 1984), in other words, to 
show inelastic demand (Fig. 1). Other activities, such as responding to gain 
access to a rival (Thompson, 1964; Hogan et al., 1970) or gaining light (Fin- 
dley, 1959), show elastic demand, that  is, the animal's preference is apparent 
when the cost is low, but not when the animal has to work hard. The demand 
for water is inelastic in most animals (Hogan and Roper, 1978), but, interest- 
ingly, not in a species of packrat adapted to a very dry environment (Boice, 
1984). 

In general, it is to be expected that  inelastic demand will be shown by ani- 
mals for commodities (e.g. food) that  are crucial to their survival and repro- 
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QUANTITY ~ r n a n d  

~elastic \ demand 
PRICE 

Fig. 1. Diagrammatic representation of elastic and inelastic demand. In economic terminology, 
inelastic demand is shown for commodities that are bought in much the same quantities whatever 
the price; elastic demand is shown for commodities that are bought in large quantities when the 
price is low, but decreasingly when the price rises. In biology, "price" can be altered by such means 
as requiring the animal to make a larger number of operant responses for the same amount of 
reward, increasing handling time, increasing the effort the animal must make, etc. 

duction, i.e. where deprivation results in severe fitness costs and also in high 
costs as perceived by the animal. In wild animals in natural  environments,  this 
inelastic demand will have evolved precisely to ensure that  the animal gives 
top priority to behaviour that  will have the greatest fitness costs if not done. 

Hursh (1984) argues that  the analysis ofbehaviour in terms of demand curves 
(both the slope of the curve for different behaviours and the height of the curve 
above baseline) provides a unique and objective way of studying the strength 
of motivation. It is therefore potentially a unique and objective way of assess- 
ing welfare, since elasticity of demand may enable us to rank different behav- 
iours in terms of their importance to the animal. 

There are two methods of approach. The examples given so far have involved 
altering the price of individual commodities (such as the number of bar-presses 
needed to get a given amount  of food), but  it is also possible to alter the equiv- 
alent of "income" and therefore the price of all commodities together (Lea, 
1978; Hursh, 1984). For example, Hill et al. (1988) increased or decreased the 
length of the light period given to growing chicks and therefore the time avail- 
able for doing any behaviour normally done in the light. With  short light pe- 
riods, a given amount  of time spent  feeding would be costlier in terms of the 
time left over for other activities than when the light period was longer, since 
the total amount  of time available (income) would be cut. These two methods 
of measuring elasticity of demand - manipulation of price and manipulation 
of total income - should give similar results (McFarland and Houston,  1981 ). 

There are, however, certain problems with the interpretat ion of demand 
curves obtained by either method. Some of these problems arise from the fact 
tha t  it may be more difficult to train animals to make operant  response for 
some kinds of rewards than for others (Sevenster,  1973; Hogan and Roper, 
1978; Roper, 1983; Dawkins and Beardsley, 1986). This may seriously con- 
found the comparison between demand curves obtained for different reinfor- 
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cers. A steeply sloping demand curve, suggesting elasticity of demand, may in 
fact reflect incompatibility of response and reinforcer, and not necessarily low 
motivation. 

Other problems arise from the fact that  short-term choices made in response 
to an immediate need may not reflect the animal's long-term preference. For 
example, hens about to lay have such a strong motivation to seek out nests that  
they will enter trap-nests even when the consequence is that  they will have no 
food or water for the next 24 h (Duncan, 1978). If tested just before laying, 
they choose the nest; tested after laying, they choose food and water. Animals 
generally have a preference for immediate rather than long-term rewards 
(Timberlake, 1984 ). 

These problems can be partially overcome (a) by measuring demand curves 
in ways other than bar-pressing and key-pecking, and where the response re- 
quired of the animal is more closely related to the response it would make in 
the wild, and (b) by measuring demand curves over long periods of time, giving 
animals the opportunity to adjust and change their behaviour continuously 
(Collier et al., 1972). 

This involves looking at the time-budgets of animals. 

b. Time-budget manipulations 

The way a freely moving wild animal behaves throughout the course of a day 
can be seen as the result of a series of choices or preferences between different 
behavioural options. The daily routines of wild animals and the amount  of time 
they devote to different activities (their time-budgets) can be seen as strate- 
gies for coping with changes in the environment such as variations in temper- 
ature, activities of predators and abundance of food (Daan, 1981 ). Even in the 
absence of such changes in the environment,  variability in energy expenditure 
may give rise to daily variations in behaviour (McNamara et al., 1988). Sur- 
vival and reproduction will depend upon an animal allocating the right amount  
of time to different behaviour (Caraco et al., 1980a) and doing the behaviour 
at appropriate times of day, depending on such factors as food reserves (Met- 
calfe and Furness, 1984), risk of predation (Caraco et al., 1980a; Barnard, 
1980), time available for doing the behaviour, results of behaviour earlier in 
the day, etc. (Katz, 1974; Houston and McNamara, 1982, 1985; McNamara 
and Houston, 1986; Mangel and Clark, 1986). Even the fact that  many wild 
animals spend a high proportion of the "active" part of their days resting and 
apparently doing nothing (Herbers, 1981; Sutherland and Moss, 1985) can be 
regarded as an adaptive strategy, since periods of inactivity may be essential 
for digestion (Belovsky, 1981; Diamond et al., 1986), energy conservation (e.g. 
Anderson and Harwood, 1985) or avoiding predators. 

Usually an animal can go through its daily routine and change from one 
behaviour to another only by making a specific response, such as flying from a 
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food source to a waterhole or hunting and catching prey, and the cost of these 
transit ions may alter at different t imes (Larkin and McFarland, 1978). Water  
and food may be different distances apart  from one day to the next, or prey 
may run harder to get away depending on the season. So it is possible to ask 
animals how important  their different activities are to them by seeing what  
happens when the costs are changed. This is thus analogous to altering sched- 
ules of reinforcement in an operant conditioning experiment, but  using ways 
of altering cost that  are closer to the natural  environment  in which the animal's 
behaviour (including the elasticity of its demands)  evolved. 

For example, Miiller-Schwarze et al. ( 1982 ) experimentally reduced the milk 
supply of white-tailed deer fawns and found "~hat they increased their grazing 
by 62% and achieved a virtually complete energy compensation, even though 
they had to reduce their other activities to achieve this. Gordon (1986) showed 
that  this was even true in harvester  ants, where experimental interference with 
foraging and nest maintenance resulted in the colony spending more time on 
collecting food at the expense of other activities. Domesticated animals, too, 
show major changes in their t ime-budgets in response to more or less concen- 
trated food (Willard et al., 1977 ), more or less restricted environments (Houpt  
et al., 1986), and time of day for feeding (Albright and Pennington, 1984). 

6. DEMAND CURVES AND SUFFERING 

By experimentally manipulating time-budgets,  we have a technique for ask- 
ing animals which activities are most important  to them through finding out 
the cost they are prepared to pay to do them. The measurement  of demand 
curves for different activities and commodities enables us to gain an objective 
measure of motivational strength (Hursh,  1984) and to compare an animal's 
motivation for different activities. 

Comparison of the slopes of demand curves for different activities would 
enable us to give a rank order of the importance of these to an animal. Suffering 
is most likely to occur if animals are deprived of activit ies/commodities with 
the shallowest demand curves (inelastic demand).  Manipulations could in- 
clude changing the time available for performing activities (Dawkins, 1983b) 
or placing obstacles in the animal's way (Nicol, 1986). Since food is generally 
acknowledged to be essential to good welfare and prolonged lack of food leads 
to clinical symptoms, a comparison between the demand curves for feeding 
and other activities may be used as a welfare yardstick. Commodities with 
similar demand curves to that  shown for food can be regarded as essential to 
good welfare on the grounds that  high motivation results from deprivation. 
Commodities with very elastic demand curves may be regarded as less essential 
to welfare. Where the line is drawn for intermediate slopes will be a matter  of 
economics and judgement,  but  at least we can be reasonably sure that  the most 
severe deprivations will be recognized and dealt with first. 
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7. CONCLUSIONS 

Since what we are seeking is a working definition of suffering, we can now 
use demand curves for several purposes. 

(i) Suffering (in otherwise heal thy animals) occurs when animals are kept 
in situations they will pay a high cost to get away from (aversion (Rushen, 
1986a,b) ) or without st imuli /opportunit ies they will pay a high cost to obtain 
(deprivation; Section 2). 

(ii) "High cost" may be defined by a demand curve with a shallow slope 
(inelastic demand) ,  since this indicates that  the commodity in question is im- 
por tant  to the animal (Section 3). If it is similar in slope to the animal's de- 
mand curve for food, it can be concluded that  deprivation of the commodity 
matters  to the animal as much as food deprivation (Section 5). 

(iii) Demand curves may be measured in two ways (Section 4); by changes 
of " income" or total t ime available to the animal for performing its entire 
behavioural repertoire, and by changes of the cost of individual behaviours. 
This can most conveniently be done by altering schedules in an operant con- 
ditioning experiment, but there may be problems with this approach that  mean 
that,  at least for some behaviour, t ime-budget manipulations of the animal in 
more natural  environments  may give better  results. 

8. PROBLEMS WITH THIS APPROACH 

Although the analysis of demand curves is promising, it is not without its 
problems, and these must  be thought through if the results are to be valid. 

(i) The nature of the cost paid may affect the results (Section 4). The so- 
lution to this is to measure demand curves and to increase cost in several dif- 
ferent ways (e.g. operant  conditioning, length of light period, etc.) to make 
sure the apparent  elasticity of demand is not  an artefact. 

(ii) The cost an animal is prepared to pay may depend on the availability of 
substitutes. The price rats are prepared to pay for food depends on whether  or 
not sucrose is present  (Lea and Roper, 1977). This is a consideration, but not 
a particular problem in welfare work; if an animal is not prepared to work hard 
for something because there are acceptable substitutes available, it is not suf- 
fering under the definition given above. The animal itself demonstrates this. 

(iii) Demand curves may depend on whether  the experiment is set up as an 
open or a closed economy (Collier et al., 1972; Hursh, 1984; Houston and 
McNamara,  1988). If the animal is put  into the experimental  set-up for just a 
short  period each day and gets of its food, exercise, etc., outside the experiment 
sessions, its motivation to do one behaviour rather  than another  may appear 
quite different from situations in which it lives in the experimental  set-up and 
has complete control over what  it does throughout  the day. For various reasons 
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(Houston and McNamara, 1988), long-term, closed-economy experiments are 
more likely to give valid results. 

(iv) The animal may not be able to plan far enough ahead to be able to make 
the right decisions for the whole day (Duncan, 1978; Timberlake, 1984; Kagel 
et al., 1986). This may again be because of the unnaturalness of some experi- 
mental situations. As for (iii), long-term experiments in which the animal is 
observed for long periods at a time are most likely to give valid results. 

(v) The cost an animal is prepared to pay for something may depend on the 
predictability of the environment. For example, if there is some risk that food 
may not be found in the future, this may alter the attractiveness of a present 
food source (Caraco et al., 1980b; Stephens, 1981). Again this is not really a 
problem. It simply means that, in practice, the effect of predictability or lack 
of it has to be investigated. 

(vi) What the animal chooses to pay for may not be best for its physical 
health in the long run, as pointed out by Duncan (1978) and van Rooijen 
(1984). As emphasised previously, the solution is to take into account other 
measures of welfare, not just one (Duncan, 1974; Dawkins, 1980; Kilgour, 1985 ). 

(vii) There may be some states of "suffering" where an animal cannot be 
said to be motivated to do anything at all. For example, an animal might have 
a tumour, but it would be difficult to devise a situation in which it could show 
that it was highly motivated to get away from the tumour. The physical health 
of animals must always be the first criterion of their welfare, and demand curve 
analysis must go hand in hand with this. 

(viii) Demand curves may be non-linear. For example, an animal may show 
apparently elastic demand for some commodity when the cost is increased at 
first, or grossly reduce the time it allocates to a particular behaviour when total 
time available is reduced. However, it may still be the case that, as the cost is 
increased still further, the animal "insists" on paying the cost. The only solu- 
tion here is to make quite sure that the range of price-changes examined is 
sufficient to determine the true shape of the demand curve. 

None of these objections is insuperable. They should be carefully considered 
in the design of any experiment, but they do not detract from the usefulness of 
demand-curve analysis in the objective assessment of a key problem in animal 
welfare. 
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