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Abstract

The way in which animals are fed is an important aspect of their welfare. Not only does food provide the energy and nutrients
vital for survival, but feeding is also associated with a number of other factors contributing to the well-being of animals. The
feeding method can determine the animals’ abilities to fulfil basic behavioural needs, such as foraging. The aim of this paper is
to review and discuss the dilemma of choosing between ad libitum feeding (AL) and dietary restriction (DR). AL can produce obese
individuals with severe health problems, though it does appear to be compatible with welfare-friendly management systems. On
the other hand, DR is often associated with improved physical health and longevity but can leave animals suffering from hunger,
frustration or aggression. The species discussed are the laboratory rat, pigs and poultry all of which are omnivores sharing many
characteristics in their eating habits. The welfare implications of different feeding methods depend upon the definition of welfare
used. Based on a definition of welfare in terms of functioning, DR could be considered the best way to feed animals, because it
results in improved physical health and longevity. If welfare is defined in terms of natural living, it is also a requirement for the
animal to be able to engage in natural foraging behaviours. From the feelings-based approach, DR can be viewed as preferable
only in circumstances when animals are anticipated to live so long that they would otherwise suffer from the negative long-term
consequences of AL. It is argued that incentives are needed to make farmers spend resources to ensure that farm animals are
allowed to have their foraging-related needs fulfilled. Feeding of laboratory animals creates special dilemmas when it is important
either to under- or over-nourish the animals for experimental purposes, in such instances there is a need for Refinement.
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Introduction
Feeding of animals in our care creates a dilemma. On one
hand, animals should not be allowed to suffer from hunger
or from frustration due to the lack of possibilities to perform
feeding-related behaviours. On the other hand, unrestricted
access to food may impact negatively on the animals’
health. This dilemma may be viewed partly as a technical
issue in the provision of feeding systems which cater in the
best possible way for both the short- and long-term needs of
the animals. However, technical solutions are rarely perfect
in every respect and therefore there will also be an ethical
element to this dilemma. 

The aim of this paper is to discuss the ethical problems
which arise when deliberating how best to feed animals in
our care. Firstly, there are differing and conflicting ideas
of what constitutes a good animal life; and depending on
whether we emphasise feeling, function or natural living
in our definition of animal welfare, different views will
emerge regarding the optimal way to feed a captive
animal. Secondly, animals are kept with specific human

purposes in mind and sometimes these purposes favour
feeding animals in ways which are less than optimal from
the point of view of animal welfare.

In some species, the ethical problems relating to feeding
seem to be easier to resolve than in others. Herbivorous
species, such as cattle and horses, do not pose a major
problem — at least in principle. Here, both nutritional and
behavioural needs can be met by providing an opportunity to
graze or consume large quantities of fibre-rich food. In
practice, of course, these ideas may not be implemented. For
example, many horses live mainly on concentrated feed and
therefore may suffer from frustration because they cannot
perform feeding-related behaviours (Parker et al 2008).

Some carnivorous species, eg dogs, are adapted to eating
occasional large meals, which should be a feeding regime
easily put into practice. Other species, eg cats, feed
primarily on small prey, resulting in a preference for several
small meals spread throughout the day (Leyhausen 1979;
Bradshaw 2006). However, feeding can be associated with
welfare issues also in carnivores. One problem is over-
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feeding; the prevalence of obesity is high in pet dogs and
cats, resulting in serious health problems (Colliard et al
2009). The behavioural needs of carnivores have been
investigated less extensively than those of production and
laboratory animals. For example, it could be argued that
carnivores have a high motivation to perform species-
specific foraging and hunting behaviours (eg tracking and
hunting prey) and are not satisfied with ‘free’ meals. 

In omnivorous species, such as rats, pigs and poultry, which
are the focus of this paper, the problems are not only
difficult to resolve in practice, but also in theory. These are
species which, in their natural environment, will spend large
amounts of time foraging (Dawkins 1989; Balcombe
2006a). However, the actual food eaten is relatively energy-
dense and consumed within a short period of time. In labo-
ratories or on farms, the nutritional requirements of these
animals are rather easily met, but the need to forage is more
difficult to satisfy. If there is free access to highly-palatable
food, these animals will quickly become obese and might
suffer from obesity-associated diseases. If some form of
dietary restriction (DR) is implemented, the behavioural
needs are usually neglected. 

There is a vast scientific literature on DR and its effects
on animals. This literature is clearly relevant to the
present ethical discussion. However, DR is not all or
nothing but instead, occurs in degrees. The method of DR
may have ethical implications. Therefore, in the following
section of the paper we will aim to define more clearly
different feeding regimes ranging from ad libitum (AL) to
severe degrees of feed restriction. In addition, most of the
literature does not focus specifically on the consequences
for animal welfare. Therefore, in the following section of
the paper, we will review the literature in the light of
different definitions of animal welfare and in the light of
a discussion on how to balance animal welfare against
various human-orientated concerns.

Definitions of feeding regimes
Feeding regimes may range from AL to total deprivation
where no food is available. Of course, in daily animal
husbandry, the standard will range from AL to a certain
degree of restricted feeding depending upon the species in
question and the purpose.

In the literature, AL feeding is most often understood to
consist of continuous access to unlimited amounts of
palatable food. AL food intake does not equal the hypothet-
ical maximal food intake of a maximally-palatable diet,
since it is greatly dependent on many factors, such as the
environment, the social setting, the diet itself, the age and
the activity level of the animal (Keenan et al 1998).

DR is defined as any method of feeding that limits the
amount of calories consumed by the animal compared to the
AL food intake of that species. In general, there are two
types of restricted feeding: quantitative and qualitative. In
quantitative DR, the quantity of food consumed by the
animal is restricted, ie the animal does not receive enough
feed to maintain its body mass compared to an AL-fed

control. Quantitative DR can be implemented by simply
restricting the amount of food given to the animal, by
restricting the amount of time food is available or by
making access to food more difficult. Quantitative DR is
commonly used in some species, such as mini pigs and
dogs, in which the prevalence of obesity is high and
problems associated with obesity are common. (Lund et al
2006). Quantitative DR is also sometimes used in experi-
mental animals, when the animal model per se requires
restricted feeding or when the experimental setup requires
the animals to be hungry (eg behavioural tests where the
animals are being rewarded with food). 

In qualitative DR, the food is available AL, but the quality
of the food is altered resulting in a lowered energy intake.
For example, the energy density can be lowered by
increasing the fibre content of the diet. A high fibre diet can
also be used to alleviate the effects of quantitative restric-
tion (Robert et al 1997). However, in the species discussed
in this paper, DR is most often accomplished by a quantita-
tive restriction of the standard diet.

A third restriction in relation to food and feeding, is when
the animal is fed enough to meet its physiological demands
(quantity and quality is sufficient) and hence follows a
normal growth curve, but it lacks the opportunities to
perform species-specific feeding-related behaviours. Hence,
the animal will not have satisfied its need for foraging
behaviour. Such a restriction of ‘behavioural opportunities’
can result from a feeding method where food is obtained
very easily or ingested very rapidly with little effort needed
on the behalf of the animal (eg pigs fed high concentrate
food without additional roughage). 

Current feeding practices
In laboratory rodents, the feeding methods are designed to
comply with the internationally-standardised feeding
routines and to minimise the amount of time required to
feed the animals. There are large numbers of animals to be
fed and the time spent per animal is a major factor deter-
mining the efficacy of an animal facility. The most common
method of feeding laboratory rodents is AL, ie to have food
pellets available in the wire-grid food hopper at all times.
When DR is used (most commonly in research associated
with obesity and ageing), it is typically implemented by
single-housing the animals and providing them with one
pre-calculated meal during the day-time. The food used in
DR regimes is most often the standard laboratory rodent
food, but simply in reduced quantities. We will designate
this way of restricting food intake as ‘the traditional method
of DR’. The severity of the restriction varies greatly from
study-to-study. The amount of food offered has ranged from
20 to 85% of the food intake of the AL counterparts, though
most often a moderate dietary restriction, ie 60 to 80% of
the AL food intake, is used. (Pugh et al 1999) Here, the
degree of DR is reported, where possible, as the percentage
of the food or caloric intake of the animals compared to
their AL-fed counterparts. It must be noted, however, that
the AL food intake has varied greatly from study-to-study,
and thus the percentages of DR cannot be directly compared
with each other (Keenan et al 1998). 
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Broilers are typically fed AL (De Jong & Jones 2006),
except when conventional broiler lines are used for organic
production. On the other hand, the parent animals, ie broiler
breeders, are subjected to severe DR, being provided with
as little as 25–33% of their AL food intake. This is done to
prevent the health problems associated with their massive
growth potential and to promote reproductive performance
(Brillard 2001; Mench 2002)

In general, most fattening pigs are fed close to AL feeding
levels — although the actual food might not be available at
all times, being provided once or a few times daily (Nielsen
et al 2006). Intermittent feeding is especially common when
liquid feeding systems are used (Rasmussen et al 2006). In
contrast, boars and gilts/sows are fed restrictedly, initially
during their rearing period (75–100% of AL), and then more
severely when they are fully grown (at about 60% of AL)
(Nielsen et al 2006).

Feeding, animal welfare and ethics
There are two somewhat different ethical dilemmas related to
feeding. The first is the issue of overfeeding. For some
animals, satisfying their hunger will lead to the long-term
negative consequences of obesity and obesity-related diseases.
The most extreme example is perhaps the broiler breeder
(Hocking et al 2002). Here, the long-term interests and the
health of the animal conflict with its short-term interests. 

The second dilemma is the issue of behavioural needs. The
behavioural needs associated with foraging may or may not
be satisfied, independently of the level of physiological
hunger. It has been claimed that providing the animal with
the opportunity to perform foraging behaviour may even
alleviate some of the negative consequences of hunger
(Robert et al 1997; De Leeuw & Ekkel 2004). There is no
animal welfare problem associated with satisfying this
need, but there are often practical problems and financial
implications and thus ultimately a potential conflict
between the interests of the farmers and the animals. 

There is extensive literature covering the effects of AL vs
DR on behaviour, physiological parameters, mortality and
morbidity, especially in rodents. However, there is a
paucity of studies primarily assessing the welfare implica-
tions of different feeding methods. Thus, the majority of
publications deal with caloric intake, health and life
expectancy, and in many cases, the welfare associated with
the feeding method is either neglected or difficult to
interpret. Some of the results reviewed here are taken from
DR regimes where severe levels of dietary restriction have
been used. Although we are not proposing such extreme
ways of feeding as being a welfare-friendly alternative for
animal husbandry, they can serve as examples while
discussing the dilemma of feeding methods. 

Results will be relative to a definition of animal welfare
Finding the best way to feed an animal or a group of animals
is, of course, a partly technical issue, but values also come
into play. Thus, different views about the nature of animal
welfare will result in different answers to the question: ‘how
does the feeding regime affect animal welfare?’ Here, we

will refer to three main approaches: function, natural living
and feelings (Fraser 1997; Sandøe & Christiansen 2008).
According to the first approach, an animal has a high level
of welfare if, from a functional point of view, it is able to
cope. To maintain welfare, it should be ensured that the
animal does not become seriously ill. Signs of good welfare
coincide with signs of good physical health according to
this functional approach. According to the second, natural
living, approach, the crux is that the animal is able to
perform a wide range of species-specific forms of
behaviour. Viewed from this perspective, it is a problem for
an animal’s welfare if it lives an ‘impoverished’ life where
some forms of behaviour are downplayed or reduced.
Finally, from the feelings approach, what matters is that an
animal must avoid pain and other negative feelings and be
able to obtain pleasure and other positive feelings. Often,
these three approaches will converge to similar conclusions
about what is good for an animal since, in many cases,
health, natural living and feeling good go hand-in-hand.
However, this is not always the case, especially when one
considers the situation with respect to feeding.

In the function approach, it may be considered of positive
value to maintain animals on some form of DR since this is
associated with optimal health — one consistent finding
emerging from the many studies comparing AL and DR is
that if one maintains the individual on a diet with a lower
calorie intake than that which the animal is motivated to eat,
one can increase the animal’s lifespan (Masoro 2006). 

Adherents of the natural living approach may agree on the
value of some form of DR because it is not natural for
animals always to have food available in abundance.
However, viewed from this approach, it would be important
to add some form of enrichment to allow the animals to
engage in foraging behaviour. 

According to the feelings-based approach to animal
welfare, the feelings of the animals are of importance.
However, in traditional animal research, the focus has
been on negative mental states, such as aggression and
anxiety, and hence no experiments reporting direct effect
on feeding regimes on positive feelings such as happiness
or optimism have been completed. In the feelings-based
approach, DR is a problem by definition. DR regimes
expose the animals to hunger — and hunger is clearly a
negative feeling. The only way to justify hunger from a
feelings-based approach is that it is compensated by
positive feelings or the avoidance of other negative
feelings. It is a common human experience that staying
hungry for a short time may very well be compensated by
enhanced pleasure when the meal is finally served. There
is no reason why a similar experience should not occur in
animals. In pigs, it has been demonstrated that anticipating
a food reward is more reinforcing than actually obtaining
the food (de Jonge et al 2008). Several papers have
confirmed that in humans and in animals, this expression
of anticipatory behaviour is associated with release of
dopamine in the reward centres in the brain (Spruijt et al
2001; de la Fuente-Fernandez et al 2002; O’Doherty et al
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2002; Berridge 2007). In weanling pigs, a period of antic-
ipating food enrichments significantly increases positive
behaviours such as play (Dudink et al 2006).

However, more prolonged feelings of hunger which will
normally accompany DR seem to be more difficult to justify
from a feelings approach, this being reinforced by the fact
that hunger may be associated with other negative signs,
such as aggression and depression (Vitousek et al 2004).
The only cases where it will be possible to justify this
situation with reference to animal welfare is when DR is the
only way to prevent the animals in question from experi-
encing negative feelings even more unpleasant than hunger
and the other negative states associated with DR. 

Problems of AL
The most prominent problems of AL feeding are the detri-
mental effects it can have on health. In laboratory rats, DR
(45–90% of AL) reduces the incidence of degenerative
kidney disease (Hubert et al 2000; Duffy et al 2004b),
endocrine disturbances (Keenan & Soper 1995; Keenan
et al 1996) and other common causes of morbidity (Hubert
et al 2000; Duffy et al 2004b). The incidence of neoplastic
disease is also significantly lower in DR (50–90% of AL)
rats (Keenan & Soper 1995; Duffy et al 2004a). 

In animals bred for meat production, an increased growth rate
compared to their ancestral species often results in increased
disease incidence when the animals are fed AL. In modern
broilers, this increase in growth rate has resulted in birds
suffering from ascites (Julian et al 1987; Deeb et al 2002) and
sudden death syndrome (Bessei 2006), two diseases less
often seen in the restricted fed breeding stock (Mench 2002).
A secondary effect of excessive growth rate is the induction
of leg problems (eg tibial dyschondroplasia) (de Jong &
Jones 2006) often associated with pain (Danbury et al 2000).
Techniques to mechanically reduce the bodyweight or forcing
the birds to walk have resulted in decreased leg problems
(Thorp & Duff 1988; Rutten et al 2002).

The negative effects associated with AL feeding in sows
have been rarely discussed; mostly because sows kept for
meat production are hardly ever fed AL. In laboratory
animals, on the other hand, obese mini pigs are used as
models for obesity-related human diseases such as diabetes
(Raun et al 2007). No welfare assessment studies have been
conducted on obese laboratory mini pigs, but one would not
be surprised to encounter welfare problems due to leg
problems and impairment of natural behaviours, eg due to
difficulties in walking in these grossly obese individuals.

If one takes the feelings-based approach, pain due to leg
problems, kidney diseases and other health problems consti-
tute a welfare problem. Moreover, animals suffering from
leg problems and neoplastic disease may very well experi-
ence an inability to perform species-specific behaviours and
thus — also from a perspective of natural living — these
conditions result in lowered welfare. Obviously, from the
perspective of biological functioning, suffering from
diseases which may reduce biological fitness resulting in
fewer offspring or even lead to the death of the animal is not

good animal welfare. Hence, all three ethical approaches are
in agreement that feeding AL may constitute a welfare
problem in the cases mentioned above. 

On the other hand, DR (60–80% of AL) may lead to a down-
regulation of reproductive functions in rodents, especially in
females (Martin et al 2007; Rehm et al 2008). Nonetheless,
even though DR (60% of AL) is known to impair reproduc-
tive function at an early phase, it has been shown to prolong
reproductive life by delaying the age-associated decline in
reproductive function (Nelson et al 1995; Chen et al 2005;
Selesniemi et al 2008; Sharov et al 2008).

Benefits of AL
Laboratory rats fed AL and used for short-term experiments
and fattening pigs seem to be free of serious health
problems within their limited life expectancy. In the absence
of AL-induced morbidity and related pain, there are no
benefits from DR which — from the point of view of the
feelings approach — can justify prolonged hunger. Tipping
the scale further in AL’s favour, DR can cause significantly
increased levels of aggression in rodents, where severe
aggression and even cannibalism can be induced by DR
regimes, in which the rats are fed only once a day (Adams
et al 1994; Pugh et al 1999; Pahlavani & Vargas 2001).
Also, in pigs, DR has been shown to increase the level of
aggression (Petherick & Blackshaw 1987; Meunier-Salaun
et al 2001), which may be associated with negative feelings
from the perspective of the aggressor and which will
certainly evoke negative feelings in those individuals
subject to aggression from pen- or cage-mates.

Attempts to avoid aggression by resorting to single housing
are not a favourable solution since rats and pigs are highly
sociable animals and are known to suffer if they are not
group-housed (Serra et al 2005; Krohn et al 2006; Perello
et al 2006; Brenes et al 2008). Thus, one could argue that
the best solution is simply to proceed with AL, allowing the
rats to be fat and friendly rather than lean and mean. A
similar line of thought seems to apply to fattening pigs.

Working for food
In many situations, AL will not be sufficient to fulfil the
feeding-related needs of animals. Under natural circum-
stances, behaviours relating to foraging account for a huge
proportion of the time budgets of omnivorous animals such
as rats, pigs and poultry. In red junglefowl (Gallus gallus
spp) (the ancestral species of the domestic fowl), the hens
were found to ground peck in 60% of all one-minute obser-
vations and to be scratching the ground in more than 30% of
these times (Dawkins 1989). Corresponding figures for
rooting and foraging in sows under natural conditions vary
between 22 and 28% of the total day-time (Stolba &
Woodgush 1989; Buckner et al 1998). In wild rats (Rattus
norvegicus), a large part of their active time is spent
exploring their surroundings. Presumably a large portion of
this activity is dedicated to foraging behaviour. The actual
eating takes much less time and occurs mainly during the
night. (Barnett 1951, 1963; Calhoun 1962). In the wild or
under semi-natural conditions, animals will explore their
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surroundings, search for information on changes and seek
new options, even though their preferred food resources
have not yet been fully exploited (Forkman 1996; Inglis
et al 1997, 2001; Sherwin 2007). It should also be noted that
exploratory behaviour can be rewarding for the animals
even when no food is found (Van Der Harst et al 2003). 

From a natural living perspective, it is imperative to allow
the animal to perform these kinds of species-specific
foraging behaviours if one wishes to ensure good welfare.
Moreover, often the activity relating to such behaviours will
promote physical health and thus improve welfare from the
functional point of view. From the feelings-based approach,
it could be argued that animals seek pleasure and that
choosing to perform certain species-specific behaviours
such as swimming in mink (Neovison vison) and playing in
young dogs (Canis lupus familiaris) actually makes the
animals feel good (Mason et al 2001; Balcombe 2006b).

Animals provided only with readily accessible food, ie food
that is very rapidly consumed, may develop abnormal behav-
iours that can be viewed as signs of frustration (Redbo &
Nordblad 1997). Therefore, one way to ensure optimal
welfare from both the natural living and the feelings approach
may be to enrich the lives of these animals by devising
systems that force the animals to work for their food.

Here, two different approaches seem to be possible. One
approach is to force the animals to work in order to
obtain their basic diet. 

An example of this approach is the diet board designed for
laboratory rats (Kemppinen et al 2008; Kasanen et al
2009a,b). The diet board is a simple wooden board with
food pellets embedded into it. It is more difficult to gain
access to the food and hence the animals consume less food
than AL-fed controls. The diet board produces a mild-to-
moderate degree of DR; the animals maintain a bodyweight
that is 85% of the AL-fed controls (Kasanen et al 2009a).
The diet board is present in the cage at all times, allowing
the animals to maintain a similar diurnal rhythm of eating
and resting as the AL-fed controls (Kemppinen et al 2008).
Group housing can be combined easily with diet board
feeding since the diet board is large enough to allow several
animals to eat simultaneously from different parts of the
board. This feeding method is compliant with the natural
living approach to animal welfare: the animals have to work
to obtain their food. The diet board might also have housing
refinement value for the animals since it divides the cage
into compartments, thus increasing the complexity of the
cage environment which is now legally mandated (ETS No
123, 2007/526/EC [EC 2007]). Furthermore, the diet board
offers the animals a degree of control over their environ-
ment. Even when total energy intake remains low, the possi-
bility of trying to find food can decrease the stressfulness of
DR (Appleby & Lawrence 1987). In essence, this is a
combination of DR and enrichment which is by all
standards superior to DR without enrichment. 

The second approach would be to make the animals work
for only a part of their diet. The basic nutritional needs
would be satisfied by AL feeding whereas foraging behav-

iours would be encouraged by providing the animals with
the opportunity work for highly palatable treats.

Balancing animal and human interests
In real life, discussions about the ethics of animal feeding
cannot be simply limited to how best to improve or ensure
animal welfare. In reality, the debate is about how best to
balance the issue of animal welfare against a number of
other concerns relating to human interests. 

With respect to farm animals, the latter concerns relate
mainly to production efficiency. The main objectives under-
lying animal feeding are to reduce costs and increase
production. Fortunately, but not invariably, efficiency and
physical health often move in the same direction. 

There are huge problems in motivating farmers to spend
resources to ensure that they meet not only the nutritional
needs but also the behavioural needs of animals in relation
to foraging. Improvements can be achieved via voluntary
production schemes (welfare labels) where the farmer gains
economic benefits from providing the animals with possi-
bilities to express their behavioural needs. The current
European legislation also recognises the behavioural needs
of animals, for example by mandating that pigs should have
the possibility to root (2001/93/EU 1993 [EC 2001]). 

One particular problem with some farm animal species is
that the animals have been bred especially for their ability
to grow rapidly and have a pronounced appetite. This espe-
cially affects the parental generation, for example broiler
breeders, which typically have to be kept on a severely-
restricted diet to ensure longevity and reproductive
performance. It does seem that feed management alone
cannot resolve these problems; there needs to be a change in
the breeding goals (Brillard 2001; Decuypere et al 2006;
Sandilands et al 2006)

In experimental animals, a genuine dilemma arises when
adverse feeding regimes are an integral part of the study. This
may be the case when animals are experiencing severe DR,
eg to induce malnutrition, to model eating disorders or,
conversely, when animals are fed AL in studies where they
are modelling the metabolic syndrome or diabetes. In animal
experimentation, this kind of negative impact on the animal
is part of the experiment, but nevertheless it is widely
accepted that researchers using experimental animals are
obliged to reduce suffering by ‘Refinement’ of experimental
procedures and housing, by ‘Reduction’ of the number of
animals used or, if possible, by ‘Replacement’ of live animals
with the use of suitable alternatives (Russell & Burch 1959).

Feeding laboratory animals AL with the purpose of
inducing, eg obesity, increases the likelihood of welfare
problems in these animals. ‘Refinement’ in such a scenario
could include allowing pigs to exercise, monitoring leg
problems and treatment with pain killers if necessary and
helping the animals performing maintenance behaviours, eg
by providing access to ‘back-scratching devices’.

Dietary restriction, on the other hand, may leave the animals
with excess time otherwise used for feeding and a lack of
ability to perform feeding-related behaviour, such as
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foraging. One possibility of ‘Refinement’ could be adding
complexity to the animals’ environment, requiring them to
search and work for access to food. Providing food that the
animals really enjoy may increase the pleasure of finally
being fed, thus adding to positive welfare (Balcombe
2006b). Moreover, it could be postulated that announcing
feeding, allowing for a period of positive anticipation, may
increase animal welfare (de Jonge et al 2008).

For laboratory rodents, the method of feeding also has a
‘Reduction’ dimension. DR could lead to a reduction in the
numbers of laboratory rodents used in experiments in two
ways: by increased longevity and decreased variation. The
lifespan of laboratory rats has decreased considerably over
recent decades (Keenan et al 1996). This results in more
animals being needed for safety evaluations to compensate
for the increased mortality. This is especially true for long-
term safety evaluation studies which, in rats, can last up to
two years. Improving survival of the animals by DR could
translate into millions fewer animals being used annually
(Hubert et al 2000). AL feeding in rodents is associated with
extensive variations in bodyweight, survival and tumour
incidence (Keenan et al 1996), complicating the interpreta-
tion of research results. The traditional methods of DR have
been shown to reduce inter-individual variation in several
parameters (Duffy et al 2001; Leakey et al 2003a,b; Carney
et al 2004). Decreased variation would mean that fewer
animals could be used in experiments while still achieving
the same statistical power.

Conclusion and animal welfare implications
DR can enhance the physical health, fitness and coping
capabilities of an animal but it has been associated with
behavioural changes and pathology indicative of
decreased welfare. AL, on the other hand, has well-known
detrimental effects on health, ie obesity and increased
morbidity and mortality, but might be easier to incorpo-
rate into otherwise more welfare-friendly ways of animal
housing. However, the current practices of AL or DR
rarely address the issue of behavioural needs.

From the function approach to animal welfare, DR could be
considered as the best way to feed animals, because it
results in improved physical health and longevity. From the
natural living approach, DR could be acceptable, if not
preferable in theory; clearly AL availability of food cannot
be considered as natural. However, in reality, the DR
regimes are also often far from natural. In the natural living
approach, the possibility to satisfy the behavioural needs
associated with feeding and foraging are emphasised. From
the feelings-based approach (which is the foundation for
most animal welfare legislation), it is highly important to
feed animals a sufficient amount of calories to avoid
permanent hunger and the other negative feelings associated
with DR. The only cases where DR can be viewed as
improving animal welfare are situations when animals are
anticipated to live so long that they may end up suffering
from the negative long-term effects of AL or when the
animals in question have such a strong motivation to eat that
AL may damage their well-being even in the short term. 

The authors conclude that irrespective of the level of caloric
intake, it should be a priority to provide the animals with
opportunities to display species-specific foraging behaviours.
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