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Abstract

Applied ethology has traditionally focused on farm animal species, whereas there has been much

less research directed at understanding the behaviour of laboratory animals in relation to their use as

models in research. In this paper, we identify four areas in which ethological approaches could help

improve the welfare of laboratory rodents while at the same time enhancing the validity of research

based on them. These areas are: (1) the effects of selective breeding and gene manipulations on the

animals’ ability to cope with the laboratory environment; (2) the effects of barren housing conditions

on behaviour and the mechanisms underlying normal control of behaviour; (3) the sensory perception

of the laboratory environment by the animals; and (4) the applicability of standard behavioural tests

and the potential for improving them by taking animals’ species-specific characteristics into account.

Given the current increase in the use of rodents in the life sciences, these four areas represent

promising areas of future research in applied animal behaviour science.
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1. Introduction

Applied ethology and animal welfare science have traditionally focused on farm animal

species, and laboratory animals have until recently rarely been the subject of study for

applied ethologists. Instead, the welfare of laboratory animals has been studied within the

framework of laboratory animal science. Such studies have focused primarily on the

impact of experimental procedures, while the behavioural biology of the animals has

received much less attention. Understanding the behavioural biology of laboratory animals

is crucial to improve not only animal welfare but also the quality of the research based on

these animals. Laboratory animals obviously fall within the scope of applied ethology and

studies using ethological approaches could make significant contributions to the advance of

laboratory animal science and provide important information for improving the welfare of

laboratory animals.

Laboratory animals are used in many areas of research, with the aims of studying normal

biological processes and modelling abnormal or pathological processes underlying human

(or animal) diseases. The vast majority of laboratory animals used in research are rodents,

with mice dramatically increasing in importance due to the growing use of transgenic

techniques (Malakoff, 2000). Reflecting the number of animals, the focus of this paper will

be on laboratory rodents. Researchers can choose between several hundred strains of mice

and rats, genetically defined and with different characteristics, for different types of

research (see Van Zutphen et al., 2001). In order to reduce variation and improve

reproducibility of research results, most strains of rats and mice are inbred to such an

extent that all individuals are in principle genetically identical (Van Zutphen et al., 2001).

Inbreeding, selective breeding and genetic manipulations obviously interfere with

adaptive natural selection, thereby increasing the risk of adverse effects on animal health

and well-being. In addition to primary genetic effects on health and well-being, however,

artificial selection might also result in secondary adverse effects as a result of genetic

predispositions that disrupt the animals’ ability to adapt to the standard laboratory

environment.

Not only genotype, but also the environment in which the animals are kept is

standardized to minimize uncontrolled variability (Van Zutphen et al., 2001). Thus,

housing conditions are structured to include only those features that are essential for

maintaining physical health and reproduction, and husbandry protocols are standardized

both within and across laboratories. However, it has long been proposed that the barren

nature of the standard cage strongly interferes with normal brain development and

behaviour (Cummins et al., 1977; Renner and Rosenzweig, 1987; Benefiel and Greenough,

1998, Würbel, 2001) and that restrictions such as those imposed by the standard rodent

cage are potentially stressful (Mench, 1998; Ladewig, 2000). Thus, the barren environment

that has been designed to minimize uncontrolled environmental effects on the animals

might ironically be a primary source of pathologic artefacts.

Being largely nocturnal and often burrowing animals, rodents’s sensory capacities are

considerably different from those of humans. This raises the possibility that aspects of the

environment which are highly relevant for the animals may pass unnoticed by the human

personnel performing experiments or caring for the animals. This may have negative

consequences for both animal welfare and the validity of experimental results.
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Finally, although there may be more behavioural studies of rats and mice than of any

other non-human animal species, most of these studies tell us little about the natural

behaviour and behavioural priorities of these animals. Most research into the behaviour of

laboratory rodents has been based on standard behavioural tests under highly artificial

conditions and few of these tests take into consideration the species-specific characteristics

of the animals, such as their environmental preferences and sensory capacities (Gerlai and

Clayton, 1999).

In this paper, we review current knowledge relating to the four areas discussed above: (1)

behavioural genetics; (2) effects of housing systems; (3) sensory capacity; and (4) standard

behavioural tests, thereby illustrating problems inherent to current practice in terms of both

animal welfare and the validity of animal experiments.

2. Behavioural genetics

The ability of domesticated species to fulfil their naturally-selected behavioural needs

depends on: (a) the constraints imposed by their captive environment plus; (b) the influence

of artificial selection (selective breeding) on their genome (Barnard and Hurst, 1996).

Rodents, and in particular mice and rats, are the most popular subjects used for biomedical

research, accounting for 82% of the scientific procedures registered in the UK in 1998

(Home Office, 1999). Over 400 inbred mouse strains and 200 inbred rat strains have been

developed, in addition to a number of outbred strains (Van Zutphen et al., 2001). Many of

these strains have been developed as models for human ailments, and exhibit traits that may

be detrimental to the animals’ health and psychological welfare. In the light of the human

genome project and advances in genetic techniques it is anticipated that a great many more

strains will be produced.

2.1. Strain-specific behaviour

Both behavioural geneticists and applied ethologists have noted key behavioural

differences between mouse strains and the potential implications of this for the validity

of the animal model and welfare alike (e.g. Crabbe et al., 1999; Nevison et al., 1999;

Sluyter and Van Oortmerssen, 2000). The same is true for rats (e.g. Kacew and Festing,

1996), as well as for other laboratory species. Despite the widespread acknowledgement

that ‘a mouse is not just a mouse’ (Sluyter and Van Oortmerssen, 2000), housing,

husbandry and welfare guidelines (where they exist) generally take no account of strain-

specific requirements. In part, this may be due to limited information, because applied

ethologists have studied relatively few strains. Also, where different research labora-

tories have studied the same strains, variation in results and recommendations have

occurred, no doubt causing confusion amongst animal caretakers and legislative bodies

(see Nevison et al., 1999). It is likely that environmental differences between labora-

tories have been one of the main factors introducing unspecified confounding effects on

study results. It has also been speculated that behavioural differences may exist between

strains (particularly of the common inbred strains developed at the turn of the last

century) because their founding stock could have come from different ecological niches
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and may have even been different mouse subspecies (Sluyter and Van Oortmerssen,

2000).

Housing and handling recommendations for specific strains can be further refined using

knowledge gained from studies for phenotypic characterization, taking particular note of

traits that may affect motor, sensory or mental capabilities. For instance, albino strains may

require more protection from eye-damaging levels of light intensity than pigmented strains

(see also the section Senses of the laboratory mouse). Extending this approach to

genetically modified animals, recommendations for the husbandry of these animals can

be largely based on the characteristic of the parent strain, with consideration of relevant

behavioural and physiological effects of the modification. Recent research by Van der Meer

et al. (2001) indicates that the experimental procedures used to create genetically modified

mice may not induce significant discomfort, suggesting that most consideration should be

given to the welfare implications of expression of the modified gene. Given the rapid

increase of studies using transgenic or knockout techniques, it is a critical problem that

we currently lack an efficient screening method to assess the impact of genetic manip-

ulations on the welfare of animals. To have an impact in research, such a method needs

not only to cover a sufficient range of potential welfare problems, such as the method

developed by Mertens and Rülicke (2000), but also to be sufficiently efficient for practical

implementation.

2.2. Inbreeding effects on social communication

When housed in larger and/or more elaborately enriched cages, male mice of several

strains are more aggressive to cage mates than mice housed in standard cages (McGregor

and Ayling, 1990; Barnard et al., 1996; Haemisch and Gärtner, 1994). Though inter-male

aggression is a naturally occurring behaviour, usually exhibited by mice as part of territorial

defense and in other social contexts, excessive aggression may be a problem between mice

housed in laboratory cages as submissive animals cannot escape attacks. Effective progress

to address such issues require studies which develop a greater understanding of genotype–

environment interactions. Whilst it is clearly impossible to directly study all strains due to

the exponential rate of their creation, we can consider the influence of broad genetic

categories, such as being inbred or outbred, on the ability to respond appropriately in captive

environments. For instance, many social responses, such as olfactory communication, are

underpinned by genetically determined mechanisms (Nevison et al., 2000, 2001). Rodents

are known to identify each other principally through unique odour cues deposited

throughout the area in which they reside. In mice and rats these individual identity odours

are carried predominantly in the high mass fraction of their urine. Studies indicate that these

identity odours are genetically determined, with the gene products of the major histocom-

patability complex (MHC) and/or the major urinary proteins (MUPs) playing a particularly

important part either directly or through differential binding and release of volatile odourant

ligands (Singer et al., 1993; Hurst et al., 1998; Humphries et al., 1999). Wild mice and

outbred strains use such cues to identify the donor and to modulate their social responses

to them according to their respective status, which is conveyed through volatile compo-

nents of the cue (Apps et al., 1988) and deposition patterns (Desjardins et al., 1973; Hurst

et al., 1993). However, the vast majority of mouse strains are inbred, and individuals of the
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same strain and sex will have the same identity cue, though associated volatiles can differ

through environmentally induced factors. Current evidence suggests that social relation-

ships may be severely compromised within inbred groups of mice (Nevison et al., 2000;

Nevison et al., in press) and social hierarchies between caged males of aggressive inbred

strains have been reported to be unstable (Haemisch and Gärtner, 1994; Nevison, personal

observation).

3. Standard housing, the animal model and environmental enrichment

3.1. Standard housing

Under standard laboratory conditions, small rodents are usually housed in small plastic

or metal cages with only food, water and (sometimes) litter material. These minimalistic

conditions dramatically limit the performance of the animal’s behavioural repertoire,

compromise its welfare and may also have consequences for the utility of the animals as

subjects of research (see Würbel, 2001).

Research peaking in the 1960s and 1970s demonstrated that the physical and beha-

vioural integrity of rodents is compromised when they are not exposed to sufficient

stimulation during rearing (Cummins et al., 1977; Renner and Rosenzweig, 1987).

Deficient stimulation may affect animals’ neural and biochemical parameters (e.g. Perez

et al., 1997; Benefiel and Greenough, 1998) and result in behavioural changes including

increased aggression (Johnson et al., 1972), increased fearfulness (e.g. Ader, 1965;

Holson, 1986) and learning deficits (e.g. Davenport et al., 1976; Joseph and Gallagher,

1980).

Of particular concern to many researchers is the impact of restrictive housing upon

physiological parameters. When chronic stressors acting upon an animal, e.g. those caused

by restrictive housing (see Ladewig, 2000), are combined with acute stressors such as

infrequent handling and distressful experimentation, the physiological responses may

increase to levels where the effects potentially interfere with experimental results, e.g.

leading to suppressed immune function (see Moberg, 2000). For example, it was found

that individually housed rhesus monkeys had decreased immune function compared to

socially housed animals, which lead Schapiro et al. (2000) to suggest that individual

housing may interfere with the interpretation of normal immunoresponses. Similarly,

housing changes and social disruption affects the immune system, as Capitanio and

Lerche (1998) found in a retrospective study of rhesus monkeys inoculated with simian

immunodeficiency virus (SIV). Experiencing cage relocation and/or social separation

within 90 days before and 30 days after oculation significantly decreased survival time

after infection.

3.2. The animal model

The standard housing environment has been perceived as a necessary component of good

experimental practice aimed at reducing variation, and the possibility that restrictive

housing standards can compromise the quality of research through their effects on the
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animals have largely been ignored by biomedical researchers (although see Meyerson,

1986). Nevertheless, laboratory rodents retain much of their wild behavioural repertoire

(Van Oortmerssen, 1971; Boice, 1977; Sluyter and Van Oortmerssen, 2000), and their

development is demonstrably and critically affected by barren conditions (Renner and

Rosenzweig, 1987). The standard rodent cage must be considered a stimulus-poor as well

as a restrictive environment where highly motivated behaviours are repeatedly thwarted.

Not only is welfare compromised under such restricted conditions (Hughes and Duncan,

1988; Petherick and Rushen, 1997), but they may also have consequences for research

results. In general, one cannot expect reliable and reproducible results if housing

conditions do not meet the demands of a particular species (Fortmeyer, 1982), and it

can be demonstrated that restrictive housing result in irreversible alterations of brain

function accompanied by behavioural abnormalities, such as stereotypes which are

commonly seen in standard housed laboratory rodents (Würbel and Stauffacher, 1994).

Animal models of neurological disorders, such as Huntington’s disease, show improved

neurological status and perform better in behavioural tests if housed in ‘enriched’ rather

than standard cages (e.g. Van Praag et al., 2000; Hockley et al., 2002). Altogether, these

findings suggest that animals reared and housed under standard cage conditions are

not appropriate models for neurobiological research, neither research which require that

the nervous system function within normal parameters nor the modelling of specific

disorders.

3.3. Environmental enrichment

Applied ‘environmental enrichment’ research dates from the early 1980s, and aims to

improve animal welfare by modifying housing conditions. With gregarious rodents,

such as rats and mice, social contact can be an important source of enrichment (Lawlor,

1990), although care must be taken with aggression in group-housed male mice (see

also the Section 2). Across many rodent species a range of suggested improvements,

such as shelters, nesting material, objects for chewing, structures for climbing and

running wheels have been tested (see reviews in Van de Weerd and Baumans, 1995;

Patterson-Kane et al., 2001; Sherwin, 2002; Olsson and Dahlborn, 2002). For such

changes act as the intended ‘enrichment’, they should provide something that is relevant

to the animal’s species-specific behaviour or motivations (Newberry, 1995; Van de

Weerd, 1996; Patterson-Kane, 2001) and improve animal welfare and behavioural

and physiological integrity of the animal (e.g. decreasing abnormal behaviour and

increasing the animal’s ability to cope with the challenges of captivity and experi-

mentation).

Until now, the practice of providing environmental enrichment has been largely based

on what was intuitively perceived as important for the animals, using low-cost and

locally available materials. Recent research is beginning to direct more effective

practices by directly measuring what is important to animals; that is, their preferences

and motivational strength (see Dawkins, 1990; Fraser and Matthews, 1997). Empirical

studies of consumer demand of rodents for type of housing environment are still relatively

few (e.g. Collier et al., 1990; Manser et al., 1998; Patterson-Kane et al., 2002;

Roper, 1975a,b; Sherwin and Nicol, 1997; Sherwin, 1998), yet this technique remains
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an intriguing tool for assessing and providing suitable environmental improvements.

Overall, research to date has demonstrated the importance of providing animals with

social contact, sources of stimulation, nesting material, shelter and sufficient space to

move freely.

After defining animal priorities, the next step in the scientific development of environ-

mental enrichment is designing an applicable system that includes the resources which

have been found to be important for the animals. The general practice for rodents has been

to add objects to a standard cage, but alternative approaches such as developing a cage

more adapted to the species-specific needs or even a radically different housing system

such as group housing have been successfully applied to other species (e.g. the furnished

cage for laying hens (see Appleby, 1993) and rabbits (Stauffacher, 2000) or large floor pens

which have proved successful with guinea pigs and rabbits (e.g. Love, 1994; North, 1999;

Stauffacher, 1992)) and are useful even for small animals such as rats (Ballard, 2000). As

demonstrated by Kaiser et al. (1998), housing mice in an environment with greatly

enhanced complexity has a wider range of beneficial effects than simply adding features

within the restrictive space of the standard cage, indicating a potential gain of developing

alternative systems.

Finally, the effects of the applied enrichment on the animals must be evaluated, to

demonstrate that the desired improvement of welfare and biological functioning has

been obtained. There has been concern that enrichment conflicts with the standardisation

of experiments, but recent research suggests that increasing the complexity of housing

conditions does not as a rule increase the variation in results (Eskola et al., 1999;

Zimmerman, 1999; Van de Weerd et al., 2002). Nevertheless, the finding of different

effects for different parameters points to the importance of evaluating the effect on

parameters directly relevant for specific research protocols (Van de Weerd et al.,

2002), in addition to the evaluation of the effect on animal welfare and behavioural

and physiological integrity.

4. Senses of the laboratory mouse and (potential) adverse influences of the
laboratory environment

Although a great number of histological and neurophysiological studies have

revealed much detailed information about the senses of laboratory rodents, most of

these studies have used rodents as a model for other species—usually humans. Some-

what surprisingly then, relatively little is known about how rodents perceive the world

and integrate this information into their own species-specific behaviour. Therefore, the

impact of the laboratory environment on the animal’s senses and the consequences

for behaviour and welfare have not been well considered. In the following, we have

used the laboratory mouse as an example to illustrate the role that sensory capacities

play in rodents’ perception of, and interaction with their physical and social environ-

ment.

Laboratory mice have (at least) the same five senses as humans, although evidence

indicates that prioritisation and acuity of these senses differ. This can make it difficult

for humans to envisage how mice might perceive their world. Because we have been
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historically ignorant of the senses used by mice, several aspects of the laboratory

environment that we provide have a direct impact on the animal’s sensory development

and capabilities, which may be unknown to researchers in general.

4.1. Olfaction

For humans, use of olfaction (at least consciously) occurs relatively infrequently, but

olfaction is perhaps the most important sense used by mice, particularly in their highly

complex social organisation. Mice create patterns of urine deposition for territorial

marking, individual and group recognition (see e.g. Humphries et al., 1999; Nevison

et al., 1999). Odours from adult males or from pregnant or lactating females can speed up or

retard sexual maturation in juvenile females and synchronise reproductive cycles in mature

females. Odours of unfamiliar male mice may terminate pregnancies (Brown, 1985). It

has been shown that laboratory mice rendered surgically anosmic then kept in large

semi-natural enclosures interact with each other very differently from intact mice.

Anosmic mice show very little aggression, roam freely about the enclosure rather than

confining themselves to particular areas, and generally ignore each other. When they

do encounter another individual, they appear startled and move away from each other

(Liebenauer and Slotnick, 1996). As discussed previously, the extreme inbreeding of mice

also interferes with the animals’ ability to use olfactory cues for discrimination, since

individuals are virtually genetically identical (see Nevison et al., 2000).

The use of olfaction by mice in mediating social encounters means that cage cleaning

can be problematic (e.g. Gray and Hurst, 1995; Van Loo et al., 2000). There are two

conflicting pressures, the need to clean cages for hygiene and health, and the need not to

disturb scent-marking patterns too frequently. It has been shown that standard methods of

cage cleaning in which only the substrate and parts of the cage are washed clean of scent

marks can be detrimental to male mice as this can promote aggression. To reduce

aggression, it has been recommended that mice be transferred into completely clean

cages with fresh bedding (see Jennings et al., 1998), or that nest materials are also

transferred as these contain aggression-reducing olfactory cues (Van Loo et al., 2000). It

has also been suggested that strange odours (e.g. those associated with humans) can

produce stress responses in laboratory mice (Dhanjal, 1991). These effects should be

considered carefully as they might have subsequent effects during behavioural testing, e.g.

social discrimination tests, social encounters, and tests of underlying anxiety.

Several rodent species, including laboratory mice, deposit their faeces in specific sites or

latrines (Hurst and Smith, 1995; Sherwin, 1996). This behaviour could be involved in

signals for social communication, hiding activity from potential predators, or a hygiene

response. Whichever, the small featureless environment of a standard cage gives the

animal little opportunity to select certain areas or to avoid those areas marked by other

individuals.

As with the other sensory modalities, a lack of olfactory stimulation, particularly at an

early age, might influence olfactory sensory development. This in turn could influence

subsequent performance in behavioural studies dependent on this sensory modality, e.g.

discrimination studies (Mihalick et al., 2000; Forestell et al., 2001), learning and memory

(Schellinck et al., 2001), and predator related studies (Dellomo and Alleva, 1994).
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4.2. Vision

Despite being a nocturnal, burrowing species, mice have good vision, although this sense

is perhaps less important than some others. Their visual apparatus is basically similar to

humans but differs markedly in at least one respect. The ventral area of the mouse retina has

a much greater density of ultraviolet (UV) sensitive cones than other areas of the retina,

although the biological significance of this structure is unknown (Calderone and Jacobs,

1995; Yokohyama and Shi, 2000; Neitz and Neitz, 2001).

Humans with normal vision are insensitive to UV, which is blocked by the cornea. As a

consequence, we have designed artificial lights that emit very little UV, including those

lights used in laboratories. Rather than simply perceiving one colour as ‘‘missing’’, an

animal with ultraviolet sensitivity placed in an environment without these wavelengths is

likely to have its perception of all colours distorted or shifted (perhaps like a human

viewing a psychedelic picture). This raises the question of how valid (colour) vision-

dependent tests are when conducted under these conditions. It has been shown that other

species which are UV sensitive prefer localities supplemented with these wavelengths (e.g.

Moinard and Sherwin, 1999) and placing UV sensitive animals in environments without

UV causes physiological and behavioural disturbances compared with control animals

provided with UV (Maddocks et al., 2001).

In the wild, mice are usually nocturnal and avoid brightly lit areas. Therefore, the light

intensities in which we keep laboratory mice are relatively high compared to the

circumstances in which they have evolved. These high light intensities can lead to eye

abnormalities, including the induction or exacerbation of retinal atrophy (e.g. Besch,

1990). This, of course, is likely to result in gross disturbances to visual perception. This is a

problem particularly for albino strains and mice in cages on the top row of a rack which are

not protected by a row of cages above. Providing mice with nesting material or nest boxes

gives them the opportunity to escape from high light intensities.

In an enlightening study, Prusky et al. (2000) showed that enriching the environment of

mice early in life led to significantly improved vision. Pups reared from birth in large, clear

cages with enrichment objects had 18% better acuity than pups reared under standard

laboratory conditions. This shows clearly that the mouse visual system can be significantly

influenced by the nature of early visual input.

The earlier studies all indicate that the visual environment of standard laboratory

housing is often inappropriate for mice and can lead to impaired vision. Many behavioural

tests such as raised mazes, discrimination tasks, spatial learning (e.g. Etienne et al., 1996) and

studies using mice as a model species for human conditions (e.g. Jacobs et al., 1999; Porciatti

et al., 1999) are dependent on vision, yet we rarely account for the visual experience of the

animal and how ‘normal’ its perceptive capabilities might be. Also related to vision and

behaviour, mice are generally nocturnal or crepuscular, yet many tests are performed under

bright lights or during the light phase when the animal would normally be asleep. There is

empirical evidence to question the validity of data from tests conducted on animals in the

middle of their resting period—as might be surmised from human experience. Kelliher et al.

(2000) demonstrated that rats tested in the forced-swim test during the dark phase differed

significantly from rats tested during the light phase and, as both behavioural and physio-

logical parameters indicated, appeared less stressed when tested at night.
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4.3. Hearing

Mice can hear over a broad spectrum of frequencies. They can detect frequencies from

80 Hz to 100 kHz, but are most sensitive in the 15–20 kHz range and around 50 kHz. This

means they can hear well above the frequency of human hearing sensitivity, i.e. ultrasound

(e.g. Clough, 1982). Both audible and ultrasonic calls are used by mice in a variety of

situations. Audible vocalisations can often be heard during agonistic encounters or capture,

whereas ultrasound is used in sexual communication and by pups when they have fallen out

of the nest (e.g. Santucci et al., 1994). It has even been reported that rats and shrews use

ultrasound for echolocation (Kaltwasser and Schnitzler, 1981; Forsman and Malmquist,

1988) although this has apparently not been investigated in mice.

Like many other laboratory mammals, mice are more sensitive than humans to sudden

bursts of noises. It has been suggested they find sound pressure levels aversive at an

intensity 20 dB less than humans find aversive. Juvenile mice can become sensitised to

loud sounds, including ultrasound. In some strains, this can cause an increased incidence of

audiogenic convulsions or seizures (Gamble, 1982), decreased activity, reduced fertility

and changes in blood glucose and corticosteroid levels. High noise levels in the laboratory

might therefore cause stress on a routine basis.

Several items of common laboratory equipment such as pressure hoses, running taps,

computer monitors or oscilloscopes emit ultrasound, some at very high sound pressures

(Sales et al., 1999). These are silent to humans, but could be having considerable effects

on mice. This laboratory generated ultrasound could conceivably interfere with commu-

nication between mice, cause distress or perhaps even sensory damage to the mice if

severe enough. Installation of ‘bat detectors’ which register ultrasonic frequencies could

help detect this problem and might also be used to help in overall assessment of animal

welfare.

If many mice are housed in a large laboratory, particularly in separate cages where the

animals cannot physically interact with each other, the number of ultrasonic calls being

given at any one time could be very great. This could result in the mice perceiving the

environment to be very noisy and potentially stressful, rather like humans being in a

crowded room with everyone shouting to each other. (This might apply equally to olfaction

in that many odours of mice in other cages would presumably be present, and these might

be perceived as inaccessible ‘strangers’.) Human animal attendants would be unaware of

any great incidence of ultrasound calls.

4.4. Taste

Mice are used as a model species for humans in studies relating to taste. Presumably

then, mice have a taste apparatus and taste sensations that are similar to those of humans.

Wild mice will eat a wide range of foods, and strain differences in taste preferences have

been reported for laboratory mice (Frank and Blizard, 1999). Behavioural studies have

shown that mouse pups readily develop preferences for the same food that their mother

eats, and that the strength of this preference is dependent upon the taste properties of the

food (Valsecchi et al., 1993). In the laboratory, however, mice are fed a concentrated diet

from birth that varies little, if at all. This suggests there will be little variability to stimulate
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plasticity in the development of taste sensations and the learning of different taste

properties.

Brown et al. (1996) argued that diet can affect odour cues of mice, and that individuals

on the same diet were less easy to discriminate between than individuals on different diets.

This study was somewhat contrived in that the discrimination was conducted by rats and

therefore extrapolation to discrimination by mice should be cautious. In rats, taste

preferences, water consumption and food consumption can all be significantly different

depending on whether rats are housed singly, in pairs, or groups (Scalera, 1992).

Many studies have been conducted on the self-selection of drugs such as alcohol,

cocaine, sedatives and even anti-malaria agents (Vitazkova et al., 2001). But, these studies

rarely take into account experiential factors—particularly the possibility of persistent pre-

weaning taste preferences.

4.5. Touch

Mice are obviously sensitive to the sense of touch. In particular, the facial-vibrissae or

whiskers, are highly sensitive touch organs that are used to investigate novel objects or

during thigmotaxis when moving about the environment. If mice are blind from birth there

is supernormal growth of the vibrissae presumably as a compensatory response

(Rauschecker et al., 1992), or if the vibrissae are absent, the use of vision is intensified

(Sokolov et al., 1996). It has been suggested that rats use their vibrissae in the mediation of

aggressive behaviour, i.e. attacks over tunnel ownership are terminated when the vibrissae

touch (Blanchard et al., 2001). Vibrissae might have a similar function in mice.

Laboratory mice sometimes engage in a behaviour called whisker-trimming, in which

one mouse trims the vibrissae of another, sometimes totally (e.g. Baumans, 1999).

Occasionally, this will occur throughout the cage until only one animal remains with

intact whiskers. The behavioural significance of whisker-trimming is unclear (see Van de

Weerd et al., 1992; Vandenbroek et al., 1993; Garner et al., 2001). Whatever the underlying

cause or function, if laboratory conditions result in whisker-trimming, this indicates the

standard environment potentiates a behaviour that causes at least some mice to lose one

aspect of their sensory modalities, and thus to disrupt those behaviours in which the

vibrissae play a role.

Some wild rodents build complex tunnel systems (Ellison, 1993; Schmid-Holmes et al.,

2001). These are used to escape predators (Blanchard et al., 1995) and presumably for other

‘‘comfort’’ factors including thigmotaxis. Laboratory mice which have never had the

opportunity to dig tunnels will build these if a suitable substrate becomes available (Dudek

et al., 1983), sometimes within just a few hours (Sherwin, personal observation). This

shows that despite many generations of intensive artificial selection, laboratory mice, when

given the opportunity, still exhibit a behaviour pattern of similar wild species. ‘Digging’

has also been described in many papers in a manner that implies a foraging or searching

behaviour, but has been interpreted as an anxiety response (e.g. Maldonado and Navarro,

2001; Masuda et al., 2000), aggression avoidance (Martinez-Sanchis et al., 1999), or even

an obsessive compulsive disorder (Gyertyan, 1995). If these interpretations are correct,

then the propensity with which mice will reportedly dig in behavioural studies indicates

these negative states may be widely experienced by mice in standard housing.
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4.6. Conclusions

It is clear that the sensory modalities of laboratory mice are sometimes very different

from those of humans and are integrated into their behavioural biology in a manner that is

sometimes difficult for humans to envisage. It is equally clear that standard laboratory

housing rarely takes into account these differences by providing for species-specific

sensory characteristics. This raises questions firstly about the welfare of animals reared

under these conditions, but then secondly, about the ‘normality’ of the animals’ sensory

development and thus their suitability as valid models for research. There is an urgent

need to more fully develop our understanding of the senses of laboratory rodents, the

role these play in their behaviour and physiology, the consequences for their welfare,

and finally, the validity of these animals as research models under standard laboratory

conditions.

5. Behavioural testing

Behavioural research in laboratory rodents is largely dominated by the use of a battery of

standard behavioural tests to determine the effects of various experimental treatments (e.g.

mutations, drugs, lesions, early experience) on behavioural phenotypes (see Crawley, 1998

for an overview of such tests). Most of these tests originate from early experimental

psychology and have been developed for studies in rats, the model species par excellence in

experimental psychology. The use of standard behavioural tests is part of a general strive

for standardization to guarantee reproducibility of results both within and between

laboratories. Moreover, most of these tests are relatively simple and quick compared to

in-depth ethological studies, they can be carried out by technicians not trained in ethology

and data recording and analysis is increasingly facilitated by automatic control systems and

video-tracking equipment. However, there are several problems related to standard

behavioural tests that are easily overlooked, but need to be taken into account, if

scientifically valid and biologically meaningful data are to be generated.

5.1. Species-specific behavioural characteristics

First, due to recent advances in molecular genetic technology in mice, this species has

become increasingly popular in behavioural biology research. As a result, many standard

behavioural tests that have been developed for rats are rather uncritically being applied to

mice, thereby ignoring species-specific behavioural characteristics that might compromise

the ethological validity of the tests (Gerlai and Clayton, 1999). For example, in one of the

most widely used tests to assess spatial learning and memory, the classical Morris water

maze test, rats outperform mice to an extent that cannot be fully explained in terms of a

species difference in spatial learning. Instead, the difference is likely to reflect the different

natural history of mice and rats. Mice have evolved in dry habitats such as savannas and

forests, whereas rats mainly inhabited wetlands. As a result, rats are much better adapted to

swimming, whereas mice are highly water-averse. However, ‘dry’ versions of this test are

available that might be much more suitable to assess spatial learning and memory in mice
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(e.g. Lavenex and Schenk, 1997). Gerlai and Clayton (1999) discuss a number of other

factors that are sensitive to species differences, indicating that many standard behavioural

tests need species-specific modifications, if they are to yield ethologically valid data.

5.2. Salience of test stimuli

Secondly, many behavioural paradigms, especially learning paradigms, do not take the

sensory biology of the animals into account. For example, both mice and rats use odour and

tactile, rather than visual, cues when discriminating between palatable and unpalatable

food. Nevertheless, most operant learning tasks are based on visual (and auditory) cues,

since these are easier to control for the human experimenter. However, whereas both rats

and mice may need many training sessions amounting to hundreds of trials to discriminate

between two simple visual patterns (e.g. Shepp and Eimas, 1964; Bussey et al., 1997),

discriminations between odour or tactile cues are learned within a single session of 10–20

trials (e.g. Birrell and Brown, 2000; Colacicco et al., 2002).

5.3. Stimulus-response compatibility

Importantly, however, animals use different senses for different tasks and the degree to

which they use cues belonging to different sensory modalities can be highly context-

dependent (Gerlai and Clayton, 1999). For example, rats easily learn to bar-press for food

and to jump out of a box to avoid shock, but have great difficulty in learning the opposite

associations (Timberlake and Lucas, 1989). And, while olfactory cues potentiate spatial

learning when redundant with visuo-spatial cues (Lavenex and Schenk, 1997), they do not

interfere with performance when they are in conflict with the visuo-spatial information

(Lavenex and Schenk, 1995). Thus, it seems important to determine which cues animals

use for which task in order to obtain biologically meaningful data.

5.4. Confounding factors

Many tests are also sensitive to a number of confounding factors that can overshadow the

behavioural trait under investigation. For example, most tests of exploration and spatial

learning are confounded by anxiety or fear induced by the novelty and aversiveness of the

test situation. Conversely, most unconditioned tests of anxiety or fearfulness are based on

exposure to novelty and are, therefore, confounded by exploration of the novel spaces or

stimuli. Factor analyses have shown that exploration and ‘emotionality’ represent inde-

pendent underlying constructs, rather than the two extremes of a unitary variable (Berton

et al., 1997, Hall et al., 2000, Jahkel et al., 2000). Thus, when the relative aversiveness of

the test situation is reduced (e.g. by reducing light levels), the control over behaviour is

shifted from emotional reactivity towards exploratory activity. This can fundamentally

alter the behaviour of the animals, leading to fundamentally different conclusions from

supposedly the same experiment. Moreover, as memory consolidation is reduced by low

and high hypothalamo-pituitary adrenal (HPA) activity (i.e. corticosterone), but increased

by moderate HPA activity, stress is a particularly complex confounding factor in most

learning tasks (de Kloet et al., 1999).
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Taken together, although highly appealing for a number of reasons (simple apparatus,

simple test protocol, time efficient, validated), standard behavioural tests are far from being

reliable and easy-to-use behavioural ‘test kits’. The list of problems and examples

discussed above is far from being exhaustive, but may be sufficient to demonstrate the

many pitfalls inherent to standard tests. Without taking species-specific behavioural

characteristics into account, and without including numerous relevant control procedures,

standard behavioural tests cannot be interpreted in biologically meaningful terms. A recent

study in mice has dramatically revealed this problem. The behavioural phenotypes of

different mouse strains, as assessed in a battery of standard behavioural test paradigms,

were found to be largely idiosyncratic to each of three different test laboratories, even

though the experimenters had gone ‘to extraordinary length to equate test apparatus, testing

protocols, and all possible features of animal husbandry’ across sites (Crabbe et al., 1999).

If minimal differences in the test protocol that go unnoticed can fundamentally change the

outcome of a behavioural test, it may not be very useful. In conclusion, developing robust

and ethologically valid behavioural paradigms (including the relevant control procedures)

for the study of specific behavioural traits in specific laboratory animal species, is a highly

promising future target of applied animal behaviour science.

6. Summary and conclusions

Understanding the biology of behaviour of laboratory animals is important both to

improve animal welfare and to guarantee high-quality research. Hence laboratory rodents,

the most used non-human animal in research, deserve more attention by applied ethologists

than they have hitherto been given. In this paper, we have identified and discussed four

topics central to laboratory rodent ethology. Behavioural genetics critically influences

animal welfare, and more knowledge is needed, in particular concerning the effects of

inbreeding on social communication. Moreover, the growing use of transgenic techniques

calls for an efficient screening method for detecting welfare problems in genetically

modified animals. There is extensive evidence across species for the strong effects of

housing environment on animals’ behaviour and physiology and evidence is also accu-

mulating that the standard cage housing is suboptimal as concerns both animal welfare and

the animals as research models. However, more basic research into the behavioural

priorities of rodents is crucial for developing improved housing systems, and ethological

studies are important to evaluate new systems and ensure that these result in the intended

improvements of welfare and biological functioning of the animals. The sensory capacities

of rodents are considerably different from humans, a factor which has been largely

overlooked in the physical set-up of experiments as well as in the design of housing

systems. Hence, understanding the sensory perception of laboratory rodents is crucial for

both researchers and animal caretakers. Species-specific characteristics and species

differences also critically influence the results obtained in standard behaviour tests applied

in laboratory rodent research. Knowledge from ethological studies can help improving the

validity of such tests.

Scientists themselves decide on whether housing improvements, beyond those required

by legislation, should be provided. This means improving rodent housing is ultimately
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dependent upon the scientist’s understanding that it would benefit, or at least not harm, the

research. Similarly, unless convincing evidence is provided concerning the validity of

alternative methods, scientists will continue to use the traditional behavioural tests. If we as

applied ethologists and animal welfare scientists are to contribute to the improvement of

laboratory animal husbandry as well as to the development of behavioural tests, we

therefore need to provide the evidence necessary to convince fellow scientists who use the

animals. This calls for high-quality research to be developed in cooperation with scientists

using laboratory animals as research models in the life sciences.
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Eidgenössischen Technischen Hochschule Zürich, Switzerland.
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