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BATTERY HENS NAME THEIR PRICE: CONSUMER DEMAND THEORY 
AND THE MEASUREMENT OF ETHOLOGICAL 'NEEDS' 

BY MARIAN STAMP DAWKINS 
Animal Behaviour Research Group, Department of Zoology, South Parks Road, Oxford, OX1 3PS, U.K 

Abstract. The concept of an 'ethological need' has assumed a prominent place in recent discussions of 
animal welfare, although the term itself is surrounded by confusion. It is here argued that some of this 
confusion might be overcome by applying consumer demand theory to some of the problems of animal 
welfare. As an example, the postulated 'need' of battery-caged hens to scratch and dustbathe is reinter- 
preted in this light, using the economic definition of a 'necessity'. Two attempts to measure the value 
that hens put on access to litter are reported. In experiment 1, birds were required to make an instan- 
taneous choice between food and litter under different degrees of food deprivation. In experiment 2, 
choices were observed over longer periods of time under changes of  income (time available). In neither 
case was there evidence of  hens regarding litter as a necessity but these results should be regarded only 
as preliminary. 

Introduction 
Ethological 'Needs': is Ethology being Misused in 
Animal Welfare? 

At first sight, the growing awareness that an 
animal's behaviour may be important evidence 
to have when assessing its welfare is entirely to be 
welcomed. Since what animals do may be one 
of the most important clues as to what they 
experience (Darwin 1872; Griffin 1981), the 
more people that recognize this and make use of  
behavioural studies, the better for the animals 
concerned (Ewbank 1969; Lorz 1973; Wood- 
Gush 1973; Duncan 1974; F61sch 1977; 
Beilharz & Zeeb 1981). 

But there is, amid the encouraging trend of  a 
greater use of ethological data, also a disturbing 
one of a possible misuse of ethology. Nowhere is 
this more apparent than in the current use of the 
term 'ethological need' which is rapidly assuming 
the status of a guiding principle for animal 
welfare in the eyes of the law. For example, 
Articles III, IV and V of the European Conven- 
tion for the Protection of Animals kept for 
Farming Purposes state quite categorically that 
provision must be made not only for an animal's 
physiological needs but for its ethological needs 
as well. The implication is that animals suffer if 
they are unable to satisfy these ethological needs 
in the same way that they suffer if physiological 
needs such as those for food and water are not 
met. The term 'ethological need' is often used 
with no clear indication of its meaning (e.g. 
Bessei 1980; F61sch 1980; Wegner 1980) and yet 
the label 'ethological' carries the clear implication 
that it has a solid foundation in scientific 
ethology. This it does not have. It is not in 

common use in the ethological literature as a 
look at a number of recent texts will confirm 
(e.g. Alcock 1975; Brown 1975; Manning 1979; 
Barnett 1981; Gould 1982) and, where it is 
mentioned, it gets short shrift and is often 
equated with 'drive' (e.g. Hinde 1970), taking 
up an old idea from psychology that drives are 
based on needs (Bolles 1975). Now, if an 
ethological need is really to be taken as the same 
as drive, then it should be subject to the same 
scrutiny and criticism as has been levelled at the 
drive concept itself (Hinde 1960; Bolles 1975). 
In view of the force of  these criticisms and their 
widespread acceptance within ethology, it may 
surprise a number of readers of Animal Behaviour 
to know that drive and energy models are still 
invoked in connection with welfare problems 
(e.g. Wennrich & Strauss 1977) and that Konrad 
Lorenz's (1950) psychohydraulic energy model is 
alive and well in the welfare literature (e.g. 
Vestergaard 1980). An article in der Spiegelwith 
the title 'Family squabble among ethologists' 
describes how various versions of Lorenz's 
model have been used both to support and to 
refute the idea that hens in battery cages suffer 
through a damming up of the drive to dustbathe 
(Stern 1980). 'Damming up' is used as evidence 
of an ethological need, and an implicit belief in 
Lorenz's psychohydraulic model as a general 
explanation of behaviour seems to be behind the 
widespread use of this term (Hughes & Duncan 
1981). 

But if there is one thing that should have been 
learnt about the way animal behaviour is moti- 
vated, one lesson f rom the past controversies 
about energy models and the concept of  drive, 
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it is this: the motivation of animal behaviour is 
extremely diverse. The psychohydraulic model 
may be a good analogy for some behaviour but 
completely fails to account for others (Sevenster- 
Bol 1962; Hinde 1970; Heiligenberg & Kramer 
1972). This means that the consequences of an 
animal not being able to perform some be- 
haviour may be quite different from its not being 
able to perform others, even though all of them 
may be frequently shown by a wild member of its 
species. And if the behavioural consequences are 
diverse, so also may be the likelihood of suffering 
as a result of the deprivation (Perry 1978; 
Dawkins 1980; Beilharz & Zeeb 1981 ; Hughes & 
Duncan 1981). 

Unfortunately, in the recent discussions of 
ethological need, this fact has frequently been 
overlooked. Thorpe (1965) and Martin (1979) 
argued that animals have a need to perform all 
the behaviour patterns shown by free-living 
members of their species and that they suffer if 
they cannot do so. Thorpe (1967) further argued 
that animals suffer most if they cannot perform 
those behaviour patterns which wild animals 
perform most frequently, thus using frequency of 
occurrence rather than any motivational conse- 
quences as the criterion of suffering. Hughes 
(1980), Dawkins (1980) and Hughes & Duncan 
(1981) argued against this view on the grounds 
that if a captive animal fails to show, say, anti- 
predator behaviour, it is certainly not obvious 
that it suffers from this lack, even though anti- 
predator behaviour may be very frequent in wild 
animals. Hughes (1980) attempted to deal with 
this difficulty by arguing that animals have 
needs to perform only that behaviour in which 
internal motivating factors (as opposed to exter- 
nal stimuli) are the most important. He suggests 
that an example might well be dustbathing in 
caged hens since the birds 'go through the 
motions' on bare wire floors in what appears to 
be a classic example of a vacuum activity (Black 
& Hughes 1974; Wennrich 1977; F61sch & 
Huber 1977; Vestergaard 1980). Van Putten & 
Dammers (1976) take this even further and argue 
that the occurrence of vacuum activities is itself 
evidence of an unfulfilled need strong enough to 
suggest reduced well-being. However, Hughes 
(1980) acknowledges that the need to dustbathe 
would be evidence of suffering only if there were, 
in addition, evidence of frustration (e.g. Duncan 
1974) as a result of being unable to perform the 
behaviour with the usual stimuli, because the 
performance of the vacuum activity might be 
acting as a perfectly adequate substitute (e.g. 

Heiligenberg 1965). Even evidence of frustration 
would be unsatisfactory by itself. It would still 
be necessary to decide how much frustration the 
animal must show before we say that its unful- 
filled needs amount to suffering. Suffering is not 
a mildly unpleasant experience, like an itch. It 
has attributes of being prolonged and very un- 
pleasant (Dawkins 1980). Resorting to the term 
'ethological need' has thus obscured rather than 
clarified the important issue of whether animals 
suffer in confinement even when well-fed and in 
apparently good health. Firstly, it has obscured 
it for exactly the same reasons that the term 
'drive' for so long obscured the causal bases of 
behaviour: it made people forget the diversity of 
mechanisms which underly different behaviours 
and it made them think they had explained when 
they had merely redescribed (Hinde 1970). 
Secondly, it has obscured the issues by the 
emotional overtones of suffering which are built 
into the very word 'need'. If we say 'this animal 
has a need to do behaviour x '  we are, almost 
without thinking about it, led to the conclusion 
that if it cannot do x, it suffers. If we say 'this 
animal has a drive to do x' or 'is motivated to 
do x' or 'some of the causal factors for x are 
present', we can more clearly see that the animal 
which is not doing x either may or may not be 
suffering. 

Unless ethologists tackle the issue of 
ethological needs soon, ethology is in danger of 
lending the appearance of respectability to a term 
which has no agreed meaning, is obscure and 
misleading and, because of its widespread use in 
welfare circles, is in danger of jeopardizing 
ethology as a scientific discipline with a major 
contribution to make to animal welfare. On 
those ethologists who feel that welfare issues are 
too boring or too fanciful to engage their atten- 
tions, I would like to impress the fact that new 
legislation is at present being drafted, not in the 
distant future, but at the present moment, by 
people who with the best will in the world could 
not make sufficient use of ethological data be- 
cause in many cases it is just not available. 

I would like to show in this paper how the 
concept of an ethological need could be made 
precise and useful by relating it to a meth- 
odology now used in other areas of animal 
behaviour, but originally borrowed from 
economists' notions of consumer choice. It is 
necessary to begin, however, by distinguishing 
two quite distinct meanings of the word 'need' 
itself, for it is only when these are clearly 
separated that the relationship between rteed and 
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that elusive concept of suffering can be clearly 
mapped out. 

Ultimate and Proximate Need 
Animals need food and water in the sense that 

without them they die. Birds need to build nests 
because if they do not, their chicks die. Following 
Baker (1938) we can refer to this first sort of need 
as ultimate: death and reproductive failure 
result if they are not met. 

This strongest sense of the word need however, 
is not the only one possible. Hens in battery 
cages do not die through being unable to dust- 
bathe. At the same time, it is not inconsistent to 
say that a hen might still have a need to do so, 
using need here in the somewhat different sense 
of meaning 'high levels of causal factors' to do 
this behaviour. The hen might have a proximate 
(here and now) need to behave in a certain way 
even though, in the unnatural environment of  
the cage, death will not be the result of failing to 
do so. 

In a natural environment, proximate and ulti- 
mate needs will generally go hand in hand. For  
example, animals that experience a proximate 
need for food and start searching for it when 
their reserves are low will be fulfilling the ulti- 
mate need of avoiding death by starvation. But 
in an unnatural environment such as a farm or a 
zoo, proximate and ultimate needs may become 
decoupled. Thus a bird of a migratory species 
kept in a zoo may have no ultimate need to 
migrate (human keepers will feed and care for it 
during the winter) but it may nevertheless have a 
strong proximate need to do so and this has 
evolved because, i n  nature, those that migrate 
survive very much better than those which do 
not. Captive animals may therefore have an 
evolutionary legacy of an ethological need in a 
proximate sense even though the peculiar 
environment in which they now live may have 
removed the need in the ultimate sense. But while 
a captive animal's proximate need (that is, its 
internal causal state) may be similar to what it 
would be in the wild, it may also be very different. 
For example, changes in predation risk, an 
obvious correlate of captivity, may result in a 
reduction in the amount of anti-predator be, 
haviour and an increase in other kinds of be- 
haviour, such as feeding. Captivity may well alter 
the proximate needs (Beilharz & Zeeb 1981; 
Bogner 1982), but then again it may not. The 
difficulty is that we cannot predict in advance 
what is going to happen. A detailed im, estigation 
of each behaviour is therefore called for, and 

blanket statements about the effects of unnatural 
environments are extremely misleading. 

Now suffering, whatever it is, is a very proxi- 
mate experience. It is unpleasant and it is here 
and now. But what precisely is its relation to a 
proximate need ? If  need just means that causal 
factors to do behaviour x are present, then we 
clearly cannot equate suffering with just any 
level of causal factors, however low. Mild levels 
of temporary hunger or mild itches should not 
be described as suffering, which implies high 
levels of causal factors. Suffering is only to be 
inferred from a sub-class of proximate needs, 
one in which the continued failure to be met is 
demonstrably unpleasant to the animals con- 
cerned. Although the demonstrably unpleasant 
aspects can be inferred from a number of 
methods, such as looking for evidence of 
frustration (Duncan 1970), the more direct way 
is to get the animals themselves to indicate what 
is pleasant and unpleasant to them. Choice tests, 
in which animals are offered t w o  or more 
alternatives and can effectively 'vote with their 
feet' are a first step in that direction (e.g. Hughes 
& Black 1973; Dawkins 1977), but preference for 
one thing cannot be equated with suffering in the 
presence of the less attractive of two alternatives 
(Dawkins 1980). A next step is to use operant 
conditioning techniques and see whether the 
animal will learn to press a lever or peck a key 
for the reward of  being allowed to obtain 
something or being allowed to get away from it. 
Such techniques, originally developed by psycho- 
logists for studying how animals learn, have now 
been applied in over 100 studies on farm animals 
to understand how they view various aspects of 
their environments (R. Kilgour, personal com- 
munication). Beilharz & Zeeb (1981)go so far as 
to say that if an animal cannot be trained to work 
to obtain or to get away from something (if that 
something is not, in other words, a reinforcer ) 
then the animal's motivation to obtain or get 
away from it cannot be very great. Even rein- 
forcement, however, is not in itself an adequate 
criterion of suffering, that is, we cannot conclude 
that animals suffer in the presence of negative 
reinforcers and/or if kept without positive re- 
inforcers. Only when the strength of their prefer- 
ences or the reinforcement can be measured in 
some way, against some generally agreed yard- 
stick, can this be accomplished. For  example, if 
it is generally agreed that animals suffer if kept 
without food, then food could be used as the 
yardstick. I f  an animal showed that it regarded 
being without some other commodity, such as 
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somewhere to scratch and dustbathe, as being as 
bad as being without food, then we would have 
good grounds for arguing that the animal would 
suffer if kept without this other commodity too. 

Obviously one of  the major methodological 
difficulties is deciding the way to ask animals 
how they rate one commodity such as food 
against something which may be quite different 
such as the opportunity to dustbathe, wallow in 
mud or fight a rival. There have been a number of 
attempts to measure the relative strengths of  
various drives. For example, Warden & 
Diamond (1931) set up an electrified grid between 
a rat and various goal objects such as food, 
water, litter or a mate. The readiness of the 
animal to cross the grid was t o  be a measure of  
the animal's drive to reach them. But there were 
major difficulties of interpretation, such as 
whether a nibble of food was really comparable 
to a lick of water and this approach is generally 
held to be of  very limited value (Bolles 1975; 
Tarpy 1982). 

This is where an economic framework and 
methodology may come to the rescue. 

Consumer Choice Behaviour and Animal Welfare 
Economists study the behaviour of people 

with a limited income faced with the choice of 
what to spend it on using three key concepts 
(e.g. Laidler 1981). Firstly, there are the objects 
of  choice, the goods and services which people 
want. Secondly, there are the budget constraints 
under which people operate, that is, people have 
a limited income and so cannot obtain all the 
goods and services they might want. Thirdly, 
human consumers are assumed to make their 
choices by maximizing a function known as 
utility, a psychological notion of something like 
satisfaction. What is of particular relevance to 
the issues of animal welfare is the methodology 
which economists have developed for studying 
what people do when the budget constraints 
change, for example, their income is reduced. I f  
people stop buying something when they have 
less in total to spend, their demand for that 
commodity is said to be elastic. But if they regard 
something as so important that they will still go 
on buying it even though they have to go without 
a lot of other things in order to pay for it, 
demand is said to be 'inelastic' or relatively un- 
affected by income. Economists refer to these two 
kinds of c o m m o d i t i e s -  those showing elastic 
and inelastic d e m a n d -  as luxuries and neces- 
sities respectively (e.g. Laidler 1981). 

In the last few years, a number of people have 
pointed out the parallels that exist between 
human consumers making choices about spend- 
ing their incomes and the behaviour of animals. 
Papers with titles like 'The Coal Tit as a Careful 
Shopper' (Tullock 1971) show how closely this 
parallel has been drawn. Animals are seen as 
making choices between doing one behaviour or 
another, under certain constraints such as having 
a limited amount of  time. The function that 
animals are held to be maximizing, that is, the 
biological equivalent of utility is sometimes 
assumed to be fitness, the number of offspring 
produced (Maynard Smith 1978; McFarland 
and Houston 1981). But, in view of the severe 
practical difficulties of  actually measuring fitness, 
utility has more commonly been taken to be the 
equivalent of some other function maximized by 
animals, such as the amount of energy obtained 
per unit time (e.g. Pyke et al. 1977; Krebs 1978). 
Using this analogy, the biological equivalent of 
money is time ('time is money'). Thus, a 'price' 
change occurs when, say a seed is made more 
difficult to husk, so that for the same energy gain, 
a bird would have to spend more time handling 
each one. McFarland & Houston (1981) refer to 
such biological prices as 'returns'. 

Whereas price changes affect just one item at a 
time, income changes affect all items (everything 
becomes effectively more expensive if income 
goes down). McFarland & Houston (1981) 
suggest that the biological equivalent of  income 
changes should be called changes in the 'time 
constraints', that is changes in the total time 
which the animal has available to behave at all. 
A reduction in an animal's day from 24 h to 20 h, 
for example, could force the animal to reallocate 
its time between different behaviours in a way 
comparable to a person reallocating money 
between different items when their income is cut. 
Some behaviours may drop out of the repertoire 
altogether; other behaviours may be performed 
just as much, but consequently take up a greater 
percentage of the day. Behaviours which are 
strongly affected by changes in income (total 
time), and done only when plenty of time is 
available are thus the equivalent of the econo- 
mists' luxuries. Measuring the behavioural 
elasticity of  demand (what McFarland & 
Houston call 'resilience') under conditions where 
total time is restricted might therefore enable us 
to make an objective distinction between what 
animals regard as luxuries and what they regard 
as necessities. An experiment along these lines 
is described later in this  paper: There are, 
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however, certain difficulties in equating income 
constraints with time constraints as McFarland 
& Houston (1981) do, since there is then an 
implication that time is the only or at least the 
major constraint under which animals operate. 
While it may be possible to arrange for this to be 
the case in the artificial environment of a Skinner 
box (e.g. Lea 1978; Staddon 1980; Rachlin et al. 
1981), in the more complex world of a wild 
animal, other constraints may also be important 
(Krebs 1980). Nevertheless, budget restrictions 
of various sorts can be used to study the im- 
portance of various activities to animals. For  
example, Miiller-Schwarze et al. (1982) experi- 
mentally reduced the milk supply of white- 
tailed deer fawns by a third; and found that they 
increased their grazing by 6 2 ~  and achieved a 
virtually complete energetic compensation, even 
though they had to reduce their other activities 
to achieve this. Food, not surprisingly, shows up 
as a necessity. 

Psychologists have also looked upon animals 
as maximizing agents (e.g. Collier et al. 1972; 
Lea 1978; Staddon 1980; Kagel et al. 1980; 
Rachlin et al. 1981), choosing between com- 
modities such as food and water by pressing 
levers or pecking keys to get them. Here the 
budget constraints are imposed by the experi- 
menter, who can put up the price of a commodity 
by altering the reinforcement schedule and 
making the animal peck a larger number of times 
just to get a small reward. For  example, van 
Rooijen (1983) measured the strength of the 
preference of pigs for earth floors by forcing 
them to make a larger number of responses in 
order to be allowed access to the earth. When 
food is the reward, animals often appear to be 
prepared to work harder for the same amount 
of  reward (Hogan et al. 1970; Collier et al. t972). 
Food thus shows inelastic demand ('compen- 
sation' in the terminology of Hogan & Roper 
1978 or resilience in the terminology of 
McFarland & t touston 1981). Other commo- 
dities, however, give rise to inelastic demand. I f  
the number of responses a male Siamese fighting 
fish has to make for each opportunity to display 
at a mirror is increased, the fish will not work 
any harder and so obtains a smaller number of  
views of the rival. A similar result was obtained 
by Thompson (I964) with cocks pecking at keys 
for food and water and for the sight of another 
cock or a mirror in which they could see them- 
selves. When the number of pecks required for 
each presentation was increased, the birds would 
work much harder for food and water than for a 

mirror presentation. Access to a rival seemed in 
both these examples to be less important than 
food. 

There are, then, already well-worked-out ways 
of obtaining quantitative indices of preference 
(see also Verhave 1963) and of discovering 
whether animals regard certain things as luxuries 
or necessities. Here is the key to discovering 
which of the proximate needs an animal might 
possess are sufficiently strong to be likely to give 
rise to suffering if unsatisfied. Necessities, 
showing inelastic demand or low resilience 
(McFarland & Houston 1981) will be those 
commodities which the animal has the strongest 
proximate needs for. Luxuries showing elastic 
demand or high resilience, would have some 
levels of causal factors present (some level of 
proximate need) but lower than those ef  neces- 
sities. The resilience associated with any given 
behaviour could be measured either by manipu- 
lating a variable which affected most or all of the 
behaviours in its repertoire, such as cutting time 
or energy budgets or restricting the total number 
of key pecks an animal was allowed to make. Or 
it could be measured by manipulating a variable 
which affected only one behaviour, such as the 
handling time of one food item or the number of 
pecks required for one type of commodity but 
not others. The two approaches should give the 
same answer (McFarland & Houston 1981). The 
economic approach is thus a way of ranking 
proximate needs into those which are important 
and those which m'e less important to the animal. 
If  we can agree that denial of some proximate 
needs (e.g. hunger) denote suffering, then the 
animal's own ranking system will enable us to 
characterize the others into necessities (as much, 
if not more suffering) and luxuries (less suffering 
or none at all). 

There are several important points to notice 
about this restatement of need and suffering in 
economic terms. The first is that necessities are 
not always going to be those activities which the 
animal spends most of its time doing when un- 
constrained. Behaviour which takes only a short 
time each day to carry out and still took that 
time under a constraint such as reduced day 
length, would show up as a necessity, since it is 
the percentage change, not the absolute amount 
of time which counts (McFarland & Houston 
1981). Conversely, a behaviour which took up a 
large anaount of time but was cut down drastic- 
ally under constraint would count as a luxury. 
The present formulation is thus quite different 
from that of Thorpe (1967). 
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Secondly, this formulation makes only mini- 
mal use of the analogy between human subjective 
feelings and possible ones in other species. It  
assumes only that, just as we suffer if  deprived of 
a necessity, so do animals. We then ask animals 
whether being deprived of  food is as bad or 
worse than being deprived of something else. It  
does not involve imagining what we humans 
would feel like if kept in battery cages, for 
example. No prior assumptions are made about 
the niceness or nastiness of  other commodities 
relative to food. That  is left to experimental test. 

A third important point is that necessities are 
defined by what people (or other animals) regard 
as important to them at the time of making the 
choice, not by what is necessarily good for them 
in the long run. In other words, suffering is more 
closely related to proximate than to ultimate 
needs. For economists, cigarettes could be re- 
garded as a necessity if they showed inelastic 
demand. And animals, like people, may not 
always choose what is best for them in the long 
run (Duncan 1978; Dawkins 1980; van Roojin 
1982) as shown by cattle which eat poisonous 
plants. But this simply means that what animals 
tell us they regard as necessities should, as has 
beert frequently emphasized (Dawkins 1980), be 
but one ingredient of  our total picture of their 
welfare, not the whole answer. 

Two experiments will be described below as a 
preliminary attempt to answer the following 
practical question. 

Is Access to Litter a Necessity for Battery-caged 
Hens? 

The battery cage system for keeping laying 
hens has come in for some heavy criticism and 
the absence of litter in which the birds can 
scratch and dustbathe is often held to be one of its 
most undesirable aspects. Hens certainly have a 
preference for floors on which there is litter or 
sawdust over ones of  plain wire or mesh (Hughes 
!976). Access to litter is, moreover, sufficiently 
important to them that they will choose to enter 
a tiny cage (so small that they can hardly turn 
round) with litter on the floor rather than a much 
larger one with a wire floor (Dawkins 1981). 
Litter thus appears to be a commodity to which 
they attach high priority, even if they have been 
reared in cages all their lives (Dawkins, 1983). 
But can it be shown to be a necessity to them ? 

The first experiment involved choice between 
a cage with a litter floor and one with a wire 
floor, but only the wire-floored cage contained 
food. Birds were thus offered a ' loaded' choice 

between a cage with a preferred floor (litter) with 
no food and one with a less preferred floor (wire) 
with food, under varying degrees of food 
deprivation to see if their preference for litter 
over wire was strong enough to be apparent even 
under these circumstances. 

Experiment 1 
Methods 

Twelve Ross (Skyes) Tint hens were used for 
this experiment. They were 36 weeks old at the 
start of  testing and had been reared commercially 
on deep litter until the age of 20 weeks by Ross 
Poultry Ltd. They had then been kept in 
Patchett battery cages (floor area 0.72 • 0.53 m) 
with six birds per cage, and had not, during this 
time, had access to litter. 

The choice offered to a bird was between two 
cages, each with a floor of 0.38 • 0.43 m, made of 
wood and with 1.2-cm wire mesh on the walls 
and roof. The floor of  one cage (the 'wire' cage) 
was of  similar wire. The floor of  the other 
(the 'litter' cage) consisted of 6 ~  cm of litter 
(sawdust and peat). The wire cage contained a 
small dish with approximately 250 g of layers' 
mash (the birds' normal food). The litter cage 
contained no food. The two cages were pre- 
sented to a bird in a T-maze. A bird would be 
placed in a starting box (which formed the stem of 
the T) and then released through a sliding door 
into a corridor (0.9 • 0.3 m) which formed the 
cross piece of  the T and had the two test cages at 
either end. The bird could see both cages f rom 
the corridor and was considered to have made a 
choice when it walked into one or the other. It  
was, however, considered important that the 
bird should have had some experience of each 
cage before making its choice. So before a test, 
a bird was given two training trials, one to each 
cage presented alone: it was released from the 
starting box but given access to only one cage. 
After entering a cage during a training trial, the 
bird would be confined there for 1 min before 
being returned to the starting box for a similar 
training trial with the other cage. Any bird not 
entering a cage within 5 min was gently pushed 
in and confined for 1 rain so that each bird had a 
standard amount  of  experience of each cage 
before a choice test. The bird was then returned 
to the starting box for the actual choice test, with 
both cages now in view. The time taken for 
the bird to make its choice was measured with a 
stop-watch and any birds not making a choice 
within 10 min were considered as making no 
choice. Each bird was tested individually under 
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three degrees of food deprivation: 0 h, 3 h and 
12h. 

In view of the possible confounding effects of  
test order, each bird was tested three times on 
each deprivation level, in random order. Thus a 
bird might, over the course of  several days, be 
deprived of food for 1 h then tested, subse- 
quently for 4 h and then tested, then 1 h again 
and so on, with at least one full day of feeding 
between one deprivation and the next. 

In view of the possible differences in tendency 
to dustbathe at different times of the day 
(Vestergaard 1982), the whole experiment was 
done twice and carried out once in the morning 
(0900-1200 hours) and once in the afternoon 
(1300-1600 hours), giving a total of 3 repeats x 3 
deprivation levels x 2  times of day : 18 tests 
per hen. 

For  any given test (training trial ql choice test), 
the position of the two test cages (to the left or 
right of the T-maze) was kept constant, but it 
was systematically varied between tests to avoid 
position errors. The morning series was run when 
the birds were 36-40 weeks of age and the after- 
noon series when they were 42-46 weeks. 

Results 
The results for the morning and afternoon 

series were very similar (Fig. 1), but were 
analysed separately as the two series were run 
sequentially. In both cases, deprivation affected 
choice (G = 16.92; df= 2; P < 0.005 for the 
morning series; G = 17.69; df= 2; P < 0.005 
for the afternoon series; G-test from Sokal & 
Rohlf  1969). The majority of undeprived birds 
chose litter, whereas the longer the birds had 
been deprived, the more likely they were to 
choose the wire cage with food. 

Test order had no effect on choice either in the 
morning series (G = 0.786; dr= 2; P < 0.02) or 
in the afternoon series ( G =  2.398; df= 2; 
P < 0.02). 

Discussion 
This experiment suggests that, although hens 

prefer litter to wire floors, their preference is not 
strong enough to outweigh the attraction of 
food unless the birds are not deprived of food at 
all. Birds which have been deprived of food for 
only a few hours tend to choose the less-preferred 
floor with food. The experimental method itself, 
however, could be criticized on the grounds 
that the birds were required to make an instan- 
taneous choice between food and litter or, in 
other words, between commodities which 

might be regarded as satisfying the acute need 
for food and the chronic need for care of the 
plumage. Although animals in the wild fre- 
quently have to make choices between equally 
difficult alternatives (to flee from a predator or 
incubate the young, for example), it might be that 
quite different results could be obtained by 
studying preferences expressed over a much 
longer period of time. Consequently, a second 
experiment was done to see whether access to 
litter could be considered a necessity for hens 
when their behaviour was studied over several 
hours, using the definition of a necessity dis- 
cussed earlier, namely, a commodity which 
shows inelastic demand in the face of changes in 
income. 

Experiment 2 
On the grounds that for an animal, time is 
money, the hens' income was altered by reducing 
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Fig. 1. Number of choices made to a wire cage containing 
food (white bars, labelled f) and to a litter cage with no 
food (solid bars, labelled 1), under three different condi- 
tions of food deprivation. (a) shows the results of tests 
conducted between 0900 hours and 1200 hours and (b) 
those of tests conducted between 1300 hours and 1600 
hours. 
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the total amount  of  time they had to spend on 
various activities. The obvious way to have done 
this would have been simply to switch off the 
lights for various periods of the day, but altering 
the light/dark cycle has such major effects on 
bird physiology that this would have introduced 
a lot of extra complications. Instead, a compro- 
mise was adopted. Hens were given access to both 
food and litter in an experimental pair of cages 
described below and placed in them for only a 
restricted amount of  time each day. For the rest 
of  the 24 h, they were replaced in their home 
cages where they could drink, preen and so on, 
but could not feed or gain access to litter. Thus, 
strictly speaking, it was not their total income 
which was reduced (they were not prevented from 
behaving at all during the non-test time), but 
only that part  of their income they were per- 
mitted to spend on feeding and litter-related 
activities. 

Methods 
Twelve battery-caged Ross Ranger hens aged 

28 weeks at the start of  the experiment were 
randomly divided into two groups. Birds of  one 
group, the experimentals, were observed indi- 
vidually when given a choice between a Patchett 
battery cage (0.38 x 0.43 m) with 250 g of layer's 
mash (the birds' normal food) and a small cage 
(also 0.38 x 0.43 m) made of wood and 1.2-cm 
wire mesh. This second cage had litter to a depth 
of 6-7 cm but had no food in it. The two cages 
were joined directly on to one another and a bird 
was free to wander between the two (Fig. 2). 

Each bird was given this test under three 
different 'day-lengths' : 8 h, 4 h and 2 h. For  each 
day-length regime, a bird was weighed, placed in 
the pair of  cages for the required length of time, 
then weighed again and returned to its home 
(battery) cage for the remainder of the 24 h. This 
was done on five consecutive days to accustom 
the bird to the day-length of  the particular test. 
On the sixth day, procedure was identical except 
that the behaviour of  the bird was recorded using 
a National time-lapse videotape-recorder and a 
Link 109A camera. One frame was taken every 
0.18 s continuously throughout the test. In the 
home cages, water but not food was available. 
Water was provided throughout the tests and the 
weight of  food eaten by each bird on each of the 
6 days of  a test was recorded. 

To control for the possibility that birds might 
be unable to eat for more than a certain pro- 
portion of the time even when hungry (and thns 
give a spurious indication of  the importance of 

other activities such as dustbathing) a second, 
control group of birds was given an identical 
series of tests with one difference: their non- 
battery cage possessed a wire, not a litter, floor. 
Thus, they had no litter to distract them from 
feeding and arty differences between experi- 
mentals and controls should give an indication 
of the influence of litter per se. 

Each bird f rom the experimental group and 
another from the control group were run as a 
matched pair, that is, they were matched for age, 
experience with litter, and all of their tests were 
run concurrently, with the video camera trained 
on both of  them (Fig. 2). This was considered 
necessary because the whole experiment 
took several months to complete. Each matched 
pair received its three tests in random order. 
Eight-hour tests were run between 0900 hours and 
1700 hours; 2-h and 4-h tests were run at ran- 
domly chosen times within these limits to ensure 
that effects due to particular times of day (such 
as a tendency to dustbathe near the middle of  the 
day (Vestergaard 1982)) could not confound the 
comparison between day-lengths. For  any one 
pair 's particular day-length regime, however, the 
test was always run at the same time of day so 
that the birds got used to this. So, for example, 
a pair would have, say, its 2-h test between 
1000 hours and 1200 hours on all 6 days. At least 
one week elapsed between a pair completing one 
of its three day-length regimes and starting the 
next. Time spent on various activities such as 
feeding, and the distribution of time between its 
pair of cages by each bird was derived from 
subsequent analysis of  the videotapes. 

Results 
The hens clearly regarded food as a necessity, 

as shown b y  the fact that when the total time 
available was reduced, birds spent an increasing 
percentage of this time on feeding (see 
Fig. 3. ANOVA shows F : 15.79; df= 2,20; 

1 9 poque 
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Fig. 2. Plan view from above of the cages used in experi- 
ment 2. An experimental bird (with litter) was observed 
simultaneously with a control bird (with wire). For half 
the tests the experimental bird was to the left and for half 
it was to the right. Food and water were provided in a 
battery cage which had a wire floor. 
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P < 0 . 0 0 1 ,  with arcsine square-root trans- 
formation). They obviously had less time avail- 
able for eating in the shorter tests, but to a certain 
extent, they compensated for this by changing 
their rate of feeding, i.e. the amount of food 
eaten per unit time (see Fig. 4. ANOVA shows 
F = 15.41 ; df = 2,20; P < 0.001). There was no 
difference between the experimental birds with 
the litter floor and the control birds with the wire 
floor either in rate of feeding (ANOVA shows 
F ---- 0.08; df= 1,10; P > 0.02) or in the amount 
eaten (ANOVA shows F =  0.03; df= 1,10; 
P > 0.02). 

On the other hand, the percentage of time 
spent outside the battery cage fell when the total 
time available was reduced (see Fig. 5. ANOVA 
shows F ~-- 5.59; df= 2,20; P < 0.025). It is 
noticeable that the birds still spent time on the 
litter even when only 2 h were available for 
feeding and litter-related activities combined. 
This might suggest that litter was important even 
at the expense of  feeding time. However, there is 
no difference between the percentage of  time 
which the experimental birds spent on litter and 
the percentage which control birds spent on wire 
( F =  0.269; df= 1,10; P > 0.02). Thus, birds 
were ilO more likely to leave the battery cage if 
there were litter present as an alternative than if 
there were a wire floor. Indeed, both groups 
spent a large amount of time outside the battery 
cage. It is possible that the flat floor of the experi- 
mental cages (both litter and wire) was preferred 
to the sloping floor of the batteries and that this 
may have obsculed any differences between the 
groups. There was, however, no evidence of the 
hens being willing to pay a cost for litter. 
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Fig. 3. The percentage of time spent feeding by experi- 
mental and control birds under three different 'day'- 
length regimes. Each point represents the mean of  six 
birds. 

Discussion 
This experiment set up extremely stringent 

conditions for the demonstration of necessity of 
access to litter. Only if the need for litter were so 
strong that it could outweigh the need for food 
in birds that were on a strict feeding regime would 
it have been possible to use this experiment to 
show that birds need litter. So the failure to 
demonstrate that litter is a necessity under time 
constraints in this experiment can in no way be 
taken as showing that hens have no need for 
litter at all if this were to be measured under less 
extreme circumstances. It would be like claiming 
that a scientist was no good at all because he had 
never won a Nobel prize. All that can be said 
for this very preliminary result is that the postu- 
lated need for litter does not clear the very 
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Fig. 4. The average amount of food eaten per min 
(g eaten in test/test time) by experimental and control 
birds under the three different 'day'-length regimes. 
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Fig. 5. The percentage of time spent by experimental birds 
(on litter) and control birds (on a similarly-sized wire 
floor) under the three different 'day'-length regimes. 
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highest  hurdle,  tha t  of  being as s t rong or  s t ronger  
than  the need for  food  in hungry  birds.  The  
exper iment  still seems wor th  report ing,  however ,  
because even though  it  is inconclusive, it  
i l lustrates a me thod  which could  be refined and,  
together  with exper iment  1, suggests that  i f  hens 
have a need to dustbathe ,  it  may  no t  be as s t rong 
as the need to feed. This suggestion is being 
fur ther  explored with operan t  techniques 
(Dawkins  & Beardsley,  unpubl i shed  data).  

In  conclusion,  there is a danger  that  the com- 
b ina t ion  of  a growing awareness of  the desira-  
bi l i ty  o f  using behavioura l  studies in welfare 
work,  and the present  urgency to write  new 
welfare laws, could result  in a misuse of  e thology,  
no t  intent ional ly,  but  because e thology is no t  
yet  ready  to provide  the answers that  are being 
demanded  o f  it. The  very popu la r i ty  of  e thology 
could  be damaging  to  the science unless etho-  
logists are able  to fill some o f  the gaps tha t  exist 
in our  knowledge  o f  fa rm and  l abo ra to ry  
animals.  In  par t icular ,  ignorance  o f  the mot iva-  
t ional  consequences o f  living in environments  in 
which the na tura l  species'  reper toi re  is severely 
curtai led,  is very great.  This  ignorance has, un-  
for tunately,  recently t aken  refuge in the con- 
cept  o f  e thological  need, a concept  as vague and  
misleading as tha t  o f  drive and  even more  
emotive. The  concept  is no t  to ta l ly  wi thout  value,  
however,  and  could  even be made  useful i f  the 
r ight  exper imental  analyses were done.  The  
economis ts '  app roach  of  a classification o f  
commodi t ies  into luxuries and  necessities has  
been suggested as one way to go abou t  this. 
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