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Introduction

When male mice are group housed in the laboratory, aggressive interactions between cage
mates may cause severe injury and stress in the animals. This may constitute a welfare
problem that will be introduced in this section by considering laboratory animal legislation
and husbandry procedures related to animal welfare, and by focussing specifically on
possible causes and solutions to the problem of excessive intermale aggression in mice.

Animal welfare research and legislation

As far as animals that are held in our dominion (i.e. laboratory animals, farm animals,
companion animals, and zoo animals) are concerned, there is a general belief that it is
man’s moral duty to care for these animals to the best of our abilities and to protect them
from unnecessary suffering (Fox 1983/84, Broom 1996). How, and to what extent this
moral duty should be executed has for long been a matter of debate, depending on cultural
or religious background, and on personal gain and knowledge, either economic or
emotional (Fraser 1995). Different individual attitudes toward animal welfare are
combined in a generally accepted moral attitude. This is the basis for guidelines and
legislation which may offer a tool to establish the consensus of opinion about what is
morally acceptable (Broom 1989). Thus, guidelines and legislation are a solidified reflection
of moral debate. However, moral debate does not stagnate once laws are defined. Rather,
it is continuously in motion and regularly gives cause to re-evaluate existing guidelines and
legislation.

Animal welfare studies incorporate all issues that may be of direct or indirect influence to
the well-being of an animal. It may generate information that moves different parties closer
to agreement on what is an acceptable level of welfare (Fraser 1995). However, animal
welfare studies are often falling a long way behind public debate, creating the situation that
changes in legislation may be driven by public opinion, rather than by scientific evidence.
This is an undesirable situation, requiring studies on the well-being of captive animals to be
intensified and results being reported to the public in accessible forms (Dawkins 1997).

A detailed description of the history on the development of guidelines and legislation
concerning the protection of animals in general and laboratory animals in particular is
outlined by Van Zutphen et al. (2001). In the context of this thesis, the 1985 Convention for
the Protection of Vertebrate Animals used for Experimental and other Scientific Purposes (ETS 123)
and, based on this Convention, the 1986 Directive for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (86/609/EEC) are specifically of importance. The
Convention ETS 123, Appendix A provides guidelines on accommodation and care of
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laboratory animals. In 1997 a Resolution on Accommodation and Care was adopted,
focussing on enrichment of the environment of laboratory animals. Moreover, in 1998, the
Council of Europe established expert working groups in order to investigate whether, how
and to what extent Appendix A of the Convention needed revision (Kornerup-Hansen
1999).

Laboratory animal husbandry: human and animal needs

Two historical factors have played an important role in the development of housing and
husbandry of laboratory animals. First, from the mid-20th century, the number of
laboratory animals rapidly increased to an estimate of 100 –200 million vertebrate animals
globally in 1970. The earliest reliable figures in this respect are from England where the
use of laboratory animals increased from 1 million in 1940 to 5.5 million in 1970. More
than 90% of the animals are mice and rats (Van Zutphen et al. 2001). Due to this
enormous increase the requirements on housing of the animals were primarily
economically and ergonomically driven. Secondly, in order to reduce inter- and intra
experimental variability and increase reproducibility of results within and between
laboratories, the concept of standardisation was introduced. Standardisation is also
regarded as a main factor in contributing to the reduction of the use of laboratory animals
(Dean 1999). To achieve maximal standardisation in animal experimentation, laboratory
animals have been subjected to selective genetic inbreeding, and housing conditions,
management procedures and experimental procedures have become standardised as far as
possible (Claassen 1994a). The more or less analogous development of economically
feasible housing conditions and standardised housing conditions has intertwined them to
the extent that they are not uncommonly regarded as equal. Furthermore, animals are
capable of showing a great deal of behavioural and physiological plasticity with regard to
changes in their environment. Thus experimental results may differ when animals are kept
under different environmental conditions (Dean 1999). For these reasons, proposals to
changes in housing conditions for laboratory animals often meet reluctance. However,
although the variation in individual parameters measured may differ between different
housing conditions (Eskola et al. 1999, Dean 1999, Tsai & Hackbarth 1999, Van de Weerd
et al. 2001), increase of complexity of housing conditions does not as a matter of course
increase the variation in results. Any housing or management procedure can be
standardised, irrespective of economic and ergonomic demands. Actual differences in
experimental results due to changes in housing conditions may constitute a more serious
dilemma with regard to historical data. On the other hand, when experiments are carefully
planned and reported, results, although they may differ from historical data, will be
valuable, and may lead to new scientific insights.
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With regard to the needs of the animals, regulations on animal husbandry have traditionally
been based on the concept of the 5 freedoms: freedom from hunger and thirst, freedom
from thermal or physical discomfort, freedom from pain, injury or disease, freedom from
fear and distress, and freedom to indulge in most normal socially acceptable patterns of
behaviour (Webster 1984). These 5 freedoms provide the opportunity for an animal's
physiological and behavioural needs to be met (Fraser 1989). In line with this concept,
European legislation states that:

“Any restriction on the extent to which an animal can satisfy its physiological
and ethological needs shall be limited as far as practical.”

However, the notion of animal needs is complex, and the dichotomy between
physiological and ethological or behavioural needs may not be as straightforward as
presumed. For some animal needs, such as need for food and water, it is relatively easy to
describe the necessary requirements, and detect related detrimental physical conditions in
captive environments. For other needs, the necessary requirements are more difficult to
describe. Still, there seems to be general consensus on the fact that animals have
behavioural needs and that they will experience a state of suffering if these needs are not
met. Broom (1996) defines a need as a requirement, which is the consequence of the
biology of an animal, to obtain a particular resource or respond to a particular
environmental or bodily stimulus. Jensen & Toates (1993) define a behavioural need as a
need to perform a specific behaviour pattern irrespective of the environment and even if
the physiological needs which the specific behaviour serves are fulfilled. Poole (1992)
describes evolutionary evidence that vertebrates experience ethological needs and that
mammals, due to their flexibility and intelligent nature moreover experience psychological
needs. Furthermore, several behavioural need models of motivation have been developed
that try to explain how behaviour is mediated through internal and external stimuli. The
first such model was the psycho-hydraulic model by Lorenz (1950). In this model, internal
and external stimuli are presented as water pouring into a tank and a valve keeping the
tank closed. When pressure rises (i.e. motivation increases), the valve opens and water
pours out, i.e. certain behaviour is performed. Later models have tried to modify this
psycho-hydraulic model by taking into account both negative and positive feedback
mechanisms, by distinguishing between motivational aspects of appetitive and
consummatory behaviour and by including hierarchy of needs as a function of the specific
environment (Wiepkema 1982, Baxter 1983, Hughes & Duncan 1988, Jensen & Toates
1993, 1997). Recent models of motivation use a more holistic approach in which the
cognitive animal plays an active role, taking into account the voluntary nature of
behaviour, and in which motivation is regarded as a state, rather than the equilibrium
between a combination of motivational systems (Wiepkema & Koolhaas 1992, 1993,
Toates 1997a, b, Wemelsfelder 1997a, Koolhaas et al. 1997). Since the environment of
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laboratory animals is completely controlled by humans, and we are legally obliged to limit
any restrictions on the extent to which laboratory animals can satisfy their ethological and
physiological needs (Convention ETS 123, 86/609/EEC), we clearly need to explore how
and to what extent housing and husbandry affect the laboratory animal.

Measuring animal welfare in captive environments

Whether animal welfare and/or suffering can be measured scientifically has for long been
discussed. It has been argued that the subjective feelings an animal may experience are
analogous to subjective experiences in human beings, even though an animal may differ in
what it likes and dislikes, and hence can be measured reliably by measuring what an animal
will strive to obtain or avoid (Dawkins 1990). This argument of analogy may be rejected as
anthropomorphic since the expressions of animals differ from those of humans. However,
Bierens de Haan (1946) already argued that it is not the analogy with our own expressions
but the intuitive knowledge of the animal’s state of mind, which is reflected in its
behaviour that can be used to objectively measure subjective feelings. Wemelsfelder
(1997a) too, claims that concepts denoting subjective experience in animals are open to
empirical investigation and she and her co-workers have used this concept to successfully
develop a scientific methodology to qualitatively assess behavioural expressions in pigs
(Wemelsfelder et al. 2000).

However, the acceptance that the subjective feelings of an animal (i.e. its state of well-
being) can be measured is still meeting strong opposition. After all, the key word in science
is ‘objectivity’, and measuring the subjective state of an animal does not seem to comply
fully with this principle (Toates 1997a). Therefore parameters that are indisputably
objective have been used to measure animal suffering. The importance of environmental
factors such as predictability and controllability in relation to stress-response and coping
became apparent and it was possible to identify specific physiological and pathological
reactions to stressful situations (Weiss 1972, Wiepkema & Koolhaas 1993). These include
endocrine measures such as corticosterone and other hormones, measures on heart rate
and temperature, pathological parameters such as gastric ulceration and tumour growth. By
inverse reasoning, these parameters have since been used to identify stressful situations or
suffering in captive animals (see Manser 1992, and Moberg & Mench 2000 for a review).
However, changes in levels of physiological parameters have an adaptive function which is
species and environmentally or situation specific. Glucocorticoid levels, for example, may
rise by allegedly unpleasant stimuli (stressors such as cold, heat and fasting), by ‘neutral’
activities such as exercise, and presumably pleasant activities such as mating and nursing
(see Fraser 1995). It can be argued that the physiological responses of an animal in a
stressful situation may be regarded as coping (Wiepkema 1982). To maintain stability,
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protective neuroendocrine mechanisms within the animal, such as increase in adrenal
steroids, catecholamines, or blood pressure, are activated. The animal can reach ‘allostasis’,
i.e. it maintains a new level of stability through the process of adaptation to acute stress
(McEwen & Seeman 1999, McEwen 2000). However, these initially protective
neuroendocrine changes can have damaging effects in the long run, referred to as
‘allostatic load’. This may occur if, for example, laboratory animals are subjected to
repeated novel events, or fail to habituate to the same stressors (McEwen & Seeman 1999).

To speculate on the state of well-being of animals in captivity solely on the basis of single
physiological measures disregarding long term changes in the underlying homeostatic
system is therefore not acceptable (Broom 1988, Barnard & Hurst 1996). They may,
however, provide useful information when combined with behavioural and physiological
parameters that reflect long term activation of the neuroendocrine system.
Immunosuppressive effects, cognitive dysfunction, and long-term activity of the adrenal
gland as measured by activity of enzymes involved in catecholamine synthesis are examples
for this (Manser 1992, McEwen & Seeman 1999). An abnormal behavioural response is a
good additional measure to indicate impaired welfare (Broom & Johnson 1993).
Behaviours that have been identified as abnormal are for example stereotypies, apathy,
vacuum activities, and excessive aggression. To be able to identify abnormal behaviour, the
animal’s normal behavioural repertoire must be known. Barnard & Hurst (1996) claim that
in this respect it is important to know what an animal is designed to do in its natural
environment. If evolutionary adaptive responses can not be (fully) performed when
triggered in a captive environment, the animal’s welfare is likely to be compromised. Once
presumably maladaptive circumstances have been identified, behavioural and physiological
measures can be used to confirm this. Indeed Hurst et al. (1996) found that group-housed
female rats, whose natural aggressive behaviour depends on the availability of space for a
nest site, showed behavioural and physiological parameters indicative of stress (high escape
attempts and increased corticosterone levels). Group-housed male rats, whose aggressive
behaviour is less spatially related since they are able to compete for dominance within
confined groups, seemed to be coping better with confinement. This theory, however,
leans heavily on the assumption that selective forces that were present when certain
behaviour evolved are similar to the current selective forces. Although this may be true in
some cases, this is not necessarily true in all cases. The performance of behaviour is
controlled by a combination of internal and external proximate stimuli. Since the fine-
tuning of behaviour in the evolutionary adaptive sense has costs as well as benefits, and
trade-offs may need to be made between the fine-tuning of different traits, adaptive
significance may deviate from proximate control (McFarland 1977, Newberry & Estevez
1997, Dewsbury 1999). Furthermore, the process of artificial selection may counteract the
process of evolutionary fine-tuning of behaviour (Duncan 1995). Measures that regard
proximate control mechanisms, rather than adaptive significance as indicators of deviation
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from a desired state, may therefore provide more useful information to add to stress-
related parameters. In this regard, preference and motivation testing, in which the choices
of animals for certain traits in their environment are investigated, have been used
successfully (Fraser 1996, Blom et al. 1993, Van de Weerd et al. 1997a). Although
preferences for or responses to individual traits should be viewed in combination with
other features in the animal’s environment to be of relevance to welfare (Newberry &
Estevez 1997), they may certainly aid in gaining knowledge into the wants and needs of an
animal. The relative importance of these traits can be measured by testing them against a
trait of known preference (Van de Weerd et al. 1998b), by measuring the cost an animal is
willing to pay to obtain access to a trait (Dawkins 1990), or by measuring anticipatory
behaviour, e.g. when an animal is conditioned to receive a reward (Spruijt et al. 2001).

This short overview illustrates that the state of well-being or suffering of captive animals is
a complex phenomenon that can not be measured in a simple way. Combining the
different approaches and existing knowledge may provide the most useful information
necessary in animal welfare research. Most laboratory animals spend almost their whole
lives in their home cages. Their state of well-being in general and their ability to cope with
experimental procedures in particular may depend largely on their ability to cope with the
environment in this home cage. The experimental part of this thesis deals with one of the
existing problems in housing laboratory rodents, namely excessive aggression in group-
housed male mice.

Aggression in group-housed male mice: is there a welfare problem?

In their natural habitat, male mice (Mus musculus) live in despotic social groups existing of
one dominant male, females with their progeny, and subordinate males. The dominant
male defends his territory containing resources such as females, food and a nest site.
Familiar subordinate males are generally tolerated inside the territorial boundaries
(Crowcroft 1966, Mackintosh 1970, 1973, Hurst et al. 1993). Intermale aggression within a
socially stable group may be part of a broader behavioural strategy, in which an animal has
a certain character, elements of which all aim at a broader goal, namely to be fittest for a
specific environment (Benus et al. 1990a, b, 1991, Sluyter et al. 1995). Mice in the wild
show rhythmic population numbers, going up to a certain optimum level, followed by a
rapid decline and an increase to the optimum again. It appears that when mice are living in
small numbers, it is beneficial to possess a ‘sturdy’ character. Sturdy involves being
aggressive and less flexible, showing routine-like behaviour, which enhances the chance of
survival. When population size increases, however, it is beneficial to be more flexible. It
appears that in the wild, mice of the more flexible type will migrate to unfamiliar grounds,
and will be more successful in getting and maintaining a territory (Busser et al. 1974).
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Although potentially damaging, aggression can be regarded as having beneficiary effects in
the short run. In such situations, physiological and behavioural mechanisms at work within
and between animals, prevent aggression from escalating to levels that are actually
damaging. When male mice are group-housed in the laboratory, a certain level of intermale
aggression can thus be regarded as normal or natural (Bisazza 1981, Brain & Parmigiani
1990). However, in group-housed male laboratory mice levels of aggression may be such
that the mice’ welfare may be jeopardised (Van Oortmerssen 1971, Bisazza 1981, Brain &
Parmigiani 1990). Three factors are important in contributing to this specific welfare
problem.

Genetic inbreeding and selection of mouse models
Laboratory mice differ from wild mice in their genetic composition. To achieve genetic
standardisation, intensive selective breeding has been used to create inbred strains of mice
with minimal genetic variation. Furthermore, breeding schemes have been selecting for
several morphological, physiological or behavioural traits to create mouse models for
human diseases. During the process of inbreeding, several mouse strains have become
highly aggressive, either as a side-effect of selective breeding, or because aggressive
behaviour was the main selection criterion (Bisazza 1982, Mondragon et al. 1987, Guillot &
Chapouthier 1998, Parmigiani et al. 1999). Odour cues, which are important for kin
recognition and advertisement of social status and essential for the mediation of aggressive
behaviour, appear to be similar between families within inbred strains of mice (Nevison et
al. 2000). Thus disturbed social behaviour, such as excessive aggression between group
members, may have a genetic background.

Environmentally induced disturbed social behaviour
Laboratory mice that live in a barren confined space such as a laboratory cage may be
unable to respond to each other in a proper social way. Subordinate mice are unable to flee
from the dominant’s sight, or migrate out of the territory. When the proper behavioural
response is frustrated, the animal’s attempt to cope can be deemed to fail, causing a state
of psychological suffering in the subordinate mouse. Furthermore, the dominant male may
respond with more extreme aggression than naturally, since its behaviour (i.e. attack of the
subordinate) does not have the desired effect (i.e. disappearance of the subordinate). In
pigs kept at high stocking density, Ewbank & Bryant (1972) showed that the close
proximity of the subordinate pig continued to elicit aggression from the dominant.

Frustration and lack of control
In a laboratory environment behavioural responses may be frustrated, i.e. they are
triggered to be performed, but critical factors to complete it are missing. This may for
example be the case when humans are approaching the cage, and escape out of sight is not
possible. In these instances, an animal may direct its energy into aggression against nearby
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animals (Broom & Johnson 1993). In an experiment in which rats received electric foot
shocks but were unable to escape, the rats’ escape behaviour was redirected into aggression
towards each other (Ulrich & Azrin 1962). Furthermore, unpredictable situations such as
experimental procedures and routine husbandry procedures to which the animal is not able
to anticipate may occur regularly in the laboratory. Aggression is a common response to
such unpredictable situations (Broom & Johnson 1993). Cage cleaning, for example, often
induces high levels of aggression in male mice (Gray & Hurst 1995).

Severe aggression in group-housed male mice may thus be an indicator of poor welfare of
the aggressor, although this need not necessarily be the case in all situations. In any case,
severe aggression can certainly be regarded as affecting the psychological and physiological
well-being of the mice being the target of the aggression. It may cause psychological
suffering when an appropriate response is not possible, and it may cause physiologic
suffering when it leads to pain resulting from injuries (National Research Council 1992).

Options for a solution to excessive aggression

As aggression in group-housed male mice may cause welfare problems and, as such, may
hamper the validity of experimental results, different kinds of measures are taken to avoid
this problem in the laboratory.

Male-female ratio’s
From strains known to be aggressive, primarily female mice can be used for
experimentation. This is common practice now and, mainly due to this gender preference,
many male mice are being euthanized before weaning (on average 65%, which can
cumulate to 80% for highly aggressive strains such as FVB mice, Laboratory Animal
Science Association 1998). This waste is highly undesirable since the killing of animals with
no apparent purpose creates an ethical problem.

Use of docile strains
The use of males from a docile strain may, in some instances, be a good solution.
However, some remarks should be made in this respect. Mouse models should be suitable
in the first place for solving the scientific problem being studied which could be in conflict
with the demand for a low level of aggressiveness. A wealth of literature has revealed that
behavioural characteristics of an animal, such as high or low aggressiveness, do not act
alone, but are part of a variety of characteristics that form the animal’s coping style.
Experiments with mice and rats selected for high or low aggressive behaviour revealed that
both types reacted opposite in several behavioural tests such as active avoidance, defensive
burying, and conditional immobility, differed in nest-building behaviour and routine
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formation, and differed in several physiological and neurochemical characteristics (see
Koolhaas et al. 1997 for a review). Selecting a model on one characteristic may therefore
bias the experimental outcome, render the experiment invalid, and the use of animals
morally unjustifiable. Furthermore, these studies into coping styles provide evidence that
the absence of aggressiveness in group-housed male mice does not necessarily imply the
absence of social stress. Non-aggressive mice and rats showed high conditioned
immobility, and high parasympathetic and Hypothalamic-Pituitary-Adrenal cortex (HPA)
axis reactivity (Koolhaas et al. 1997). In intensive farm animal husbandry similar
connections between behaviour and physiology appear to exist. The allegedly most
behaviourally adapted animals suffer from so-called ‘production diseases’: widely
recognised health problems and shorter life spans due to the stressors of intensive
husbandry (Fox 1983/84). Duncan & Filshie (1979) found that in response to a traumatic
event, a ‘nervous’ strain of laying hens indeed showed extreme avoidance and escape
behaviour, although its heart rate returned to baseline rapidly. A supposedly ‘calm’ strain
demonstrating only mild avoidance, on the contrary, showed a much longer lasting
response in heart rate.

Separation of males or permanent individual housing
Males can be separated when aggression increases to unacceptable levels. Also, directly
after weaning, male mice may be housed individually. Individual housing is recommended
for several highly aggressive strains such as Swiss/CD-1 and FVB (Committee on
Infectious Diseases of Mice and Rats 1991, Mouse Genome Database 2001). However, the
lack of opportunity to interact with conspecifics greatly influences the behaviour and
physiology of both mice and rats and has frequently been referred to as ‘isolation stress’ or
‘isolation syndrome’. It should be noted at this point that ‘individual housing’ is not the
same as ‘isolation’. In the case of individual housing, the animals can still obtain visual,
auditory and olfactory cues from conspecifics in adjacent cages. The term isolation should
only be used in those cases where animals lack all sensory cues of conspecifics. Both terms,
however, have been used in the past to describe effects of individual housing. Animals that
suffer from ‘isolation syndrome’ are more difficult to handle and become more aggressive,
sometimes show stereotyped behaviour patterns and may suffer from convulsions.
Furthermore, several papers indicate that individual housing induces reduction of stress
resistance and immunocompetence, higher tumour incidence, hypersensitivity to toxic
agents and increased pathology such as ‘scaly tail’ (Chance & Mackintosh 1962, Ader &
Friedman 1964, Hatch et al. 1965, Barrett & Stockman 1966, Gärtner, 1968a, b, Baer 1971,
Brain 1975, Haseman et al. 1994). Evidence exists that both rats and mice prefer social to
individual housing. In rats it has been shown that animals that were reared in group
housed conditions and were later individually housed would choose to feed and sleep in
close proximity with others with maximal body contact rather than alone (Gärtner 1968a,
b). In the same review, Gärtner concludes that individual housing of rats will have many
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undesirable effects and should be avoided if possible. Sherwin (1996a) conducted a
preference test in which laboratory mice were willing to spend increasing amounts of
energy to obtain access to certain traits, one of which was companionship.

Changes in housing and husbandry procedures
The rather drastic measures mentioned before to avoid the problem of intermale
aggression call for more subtle measures to be developed. Both scientific studies and
anecdotal evidence from animal caretakers have been reported concerning the
modification of housing and husbandry procedures to decrease aggression in group-
housed male mice. Many of these studies and reports, however, contradict each other.
Partial cage cleaning or transfer of dirty sawdust to a clean cage has been reported to
increase aggression (Gray & Hurst 1995) but also to decrease aggression (McGregor et al.
1991). Others have investigated the availability of space (Poole & Morgan 1976, Vestal &
Schnell 1986, McGregor & Ayling 1990) and group size (Welch & Welch 1966, Greenberg
1972, Poole & Morgan 1973, Butler 1980, Barnard et al. 1994). In these studies too, both
increases and decreases in aggression have been reported, and effects of group size and
cage size seem to be interdependent. Most of the studies in this area, however, have
focussed on the effects of environmental enrichment on aggression, but again with varying
success. Several authors have indicated that environmental enrichment leads to an increase
in aggression when male laboratory mice are housed together, and conclude that the
enrichment may actually be unbeneficiary to their well-being in this respect (McGregor &
Ayling 1990, Haemisch & Gärtner 1994, Haemisch et al. 1994, Haemisch & Gärtner 1997).
Others have found that cage enrichment or environmental complexity does not alter, or
decreases the amount of aggression between male mice (Vestal & Schnell 1986, Chamove
1989a, Ward et al. 1991, Armstrong et al. 1998, Ambrose & Morton 2000).

The identification of factors explaining the apparent controversies in the studies
mentioned above is complicated by the wide variety of parameters used to quantify
aggression and by the differences in experimental design. Aggression levels are based on
number of wounds, attack latency time, number or duration of fights or agonistic
encounters. Furthermore, the degree of familiarity between the mice varies from newly
acquainted to being familiar from birth, and test environments vary from novel to familiar.

Scope of the thesis

The previous introductory paragraphs have provided evidence that current husbandry
procedures concerning male laboratory mice need to be re-evaluated. This thesis describes
the study of social preferences of male mice and the effects of changes in housing and
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management procedures on the level of aggression. The purpose of this study was to find
practical solutions for coping with aggressive behaviour in male laboratory mice.

Chapter 2 describes a series of experiments investigating the preference of dominant and
subordinate male mice for a cage mate. Chapter 3 describes a study on the relation
between the need for active and passive social contact and territoriality in male laboratory
mice of different ages, and on the trade-off between social housing and non-social, but
environmentally enriched housing. The experiments described in chapters 4, 5 and 6
explore the effects of olfactory cues, group size, cage size and cage enrichment on
aggressive behaviour and physiology in groups of male mice. In the experiment described
in chapter 7, measures that were previously found to reduce aggression were combined
and tested for their long term effect on aggression and physiology in male mice of
moderately and severely aggressive strains. Finally, in chapter 8 the results of all studies are
evaluated and translated into practical recommendations concerning the well-being of male
laboratory mice.
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Do male mice prefer or avoid
each other’s company?
Influence of hierarchy, kinship and
familiarity

PLP Van Loo, AC de Groot, LFM Van
Zutphen and V Baumans

Abstract
In the laboratory, individual housing of
male mice that otherwise show aggression
is common practice. Because mice are a
social species, the question arises whether
this procedure is right from the animals’
point of view. This study tested the
preference of subordinate animals for their
dominant cage mate and vice versa, and
the preference of subordinate animals for
an unknown subordinate partner. Experi-
ments that allowed male mice with
different histories to choose either an
inhabited cage or an empty cage have
shown that the mice preferred the
proximity of another male to individual
housing. No differences in this respect
were found between dominant and
subordinate males, or between littermates
and non-littermates. The preference was
most obvious when mice who were
previously housed together were tested.
The study concludes that separation and
single housing for mice are not attractive
solutions for overcoming aggression in
group-housed male mice and that
alternative approaches, such as improving
the housing conditions, should be explored
as a way of tempering intermale
aggression.

J o u r n a l  o f  A p p l i e d  A n i m a l
W e l f a r e  S c i e n c e  4  ( 2 0 0 1 )
9 1 - 1 0 3
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Introduction

In almost all laboratories, male mice are housed together after weaning in groups of 6 to
10. When used for an experiment, usually at 6 to 8 weeks of age, mice often will be
regrouped with unfamiliar males. Group housing of male mice is not natural, as in the wild
males form despotic territories, and no male from another deme will be tolerated inside
those boundaries (Crowcroft 1966, Mackintosh 1970, 1973). When forced to live together
in a confined space, however, male mice will form dominance relationships (Poole &
Morgan 1973, 1976).

In many cases, depending on strain and age, the hierarchy will be stable, and the animals
will live together with relatively low social stress. In other cases, fighting may occur
frequently (Bisazza 1981). To a certain degree, fighting can be regarded as normal, but
some groups show such high levels of aggression that housing animals individually is
necessary to prevent further injury and stress (Haseman et al. 1994). Group housing of
males is actually advised against for several strains known to be highly aggressive (Mouse
Genome Database 2001). Individual housing, on the other hand, frequently has been
reported to be stressful for mice (Claassen 1994a). The effects of individual housing on
behaviour and physiology in rats and mice, referred to as ‘isolation stress’ or isolation
syndrome’, had become apparent as early as the 1960s. Individually housed mice and rats
become more aggressive, may show stereotyped behaviour patterns, suffer from
convulsions, and are nervous and difficult to handle. Physiologically, they may show
reduced immunocompetence, higher tumour incidence, gastric ulceration, hypersensitivity
to toxic agents, and increased pathology such as ‘scaly tail’ (Chance & Mackintosh 1962,
Ader & Friedman 1964, Hatch et al. 1965, Barrett & Stockman 1966, Gärtner 1968a, b,
Baer 1971, Brain 1975, Haseman et al. 1994). Many of these effects are known stress-
responses (Manser 1992).

For social species such as the mouse and rat, social contact may be a behavioural need.
Preference testing has provided more insight into the behavioural needs of animals (Blom
et al. 1992, Fraser 1996). Mice of both sexes, for example, show a strong preference for
nesting material (Van de Weerd et al. 1997a, 1998b) and soiling site (Sherwin 1996c).
Gärtner (1968a, b) reported that rats choose to eat and sleep in close proximity with
others, with maximal body contact, rather than alone.

To test whether male mice also prefer dwelling near other males to staying alone, we
conducted a series of preference tests in which male mice could choose between an empty
cage or a cage inhabited by another male but separated by a partition. The history and
relationships of the males differed between experiments.
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Methods – general

Animals and husbandry
Sixty-six male mice of the BALB/cAnNCrlBR strain were used. This strain generally is
moderately aggressive towards cage mates with wounding to the tail and back of
subordinates being common (Van Loo et al. 2001b). Extreme fighting causing severe injury
or death, however, is rare; thus the chance that experiments had to be terminated
prematurely was minimised. All mice previously had been observed in behavioural studies;
hence, groups of males and age were predefined at the time of testing. All groups were
housed in wire topped Makrolon Type II or III cages (375 cm2 or 825 cm2, respectively,
Tecniplast, Milan, Italy) provided with sawdust (Lignocel 3/4, Rettenmaier & Söhne,
Ellwangen-Holzmühle, Germany) and Kleenex tissues (Kimberly-Clark Corporation,
Europe). Tap water and food pellets (RMH-B, Hope Farms, Woerden, The Netherlands)
were provided ad libitum. The animal rooms had a controlled photoperiod (12:12 L:D,
white light on at 07.00 h, approximately 200 lux at 1 m above the floor, and red light on at
19.00 h, approximately 5 lux at 1 m above the floor), temperature (23-24 °C), relative
humidity (60 ± 5%), and ventilation (18-20 air changes h-1).

Figure 1 Preference test system. IC = inhabited cage with a mouse behind a
partition; EC = empty cage; C = central cage; T = tunnel; D = infrared detector;
P = perspex partition with holes.

Preference testing
The preference test system (Figure 1) used in this study has been validated and described
in detail by Blom et al. (1992). In short, a housing system was used consisting of two test
cages connected to a clear perspex central cage (15x15x18 cm) by non-transparent tubes
(PVC, inner dimensions: 2.6x2.6x25 cm). The test cages were Makrolon Type II cages,
divided in two by a wire mesh (Experiment 1) or a perspex wall with holes (Experiments 2
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and 3). Each test cage was provided with 50 g of sawdust, and each half of the cages was
provided with food pellets and tap water in a bottle. The central cage had no food, water,
or bedding.

A total of six of these housing systems were used to allow simultaneous testing of six pairs
of mice. To minimise any external influences on choice behaviour, each system rotated
slowly during testing. Photoelectric devices in the passage tubes automatically detected the
movements of the mice between the test cages. The signals were sent to a computer that
calculated dwelling times per cage (software: Gate-Watch, Metris System Engineering,
Wassenaar, The Netherlands). Mice were introduced into the test system between 15.00h
and 15.30h and their activity monitored for a period of 48 h. Food and water in each test
cage were weighed before and after the experiment.

Statistical analysis
Data on dwelling time on the final test day (24 h) were analysed by distinguishing three
time frames: total dwelling time per cage, dwelling time during the light period (12 hr) and
dwelling time during the dark period (12 hr). As data were not always distributed normally,
dwelling times were compared using a Wilcoxon matched pairs signed rank test.
Differences between littermates and non-littermates were tested using a Mann-Whitney U
test. Levels of aggression and dwelling time were correlated by means of a Pearson’s test.
Data on food and water intake were analysed by means of a paired t test. All statistical tests
were carried out using SPSS for Microsoft Windows, Release 9.0. Because only three
animals were observed, descriptive statistics were used to analyse the behavioural data.

Methods - experiment 1

Animals
Thirty-six males were housed in groups of three from weaning until twelve weeks of age
when the subordinate animal in each group was removed for another behavioural study.
The remaining twelve couples were left undisturbed for 3 weeks to enable dominance
hierarchies to be re-established. Six couples consisted of littermates and six couples
consisted of non-littermates. The animals were individually marked on the tail with a black
waterproof marker. The mark was renewed weekly. At the time of preference testing, the
mice weighed 26.1 ± 0.3 g.

Assessment of dominance
One week before testing, all couples were separated for a period of 30 min. and then
placed together in a novel environment. The behaviour of the animals was recorded on
videotape for a period of 10 min. This procedure was repeated daily for 4 days. All 10-min
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video recordings were analysed, and animals were categorised as dominant or subordinate
depending on the number of initiated and won aggressive encounters (Table I). One pair
of littermates and one pair of non-littermates showed no aggressive interactions at all.
Therefore, they were omitted from further statistical analyses. Subsequently, the
subordinate animals were submitted to a preference test with the choice being between an
empty cage or a cage with their dominant cage mate behind a partition.

Methods - experiments 2 & 3

Animals
Seventy-eight male mice, 6 weeks of age, were housed in six groups of 5 and six groups of
8 animals. At 20 weeks, the dominant male and two subordinate males were removed for
another behavioural study. The remaining mice were left for 15 weeks (now comprising
groups of 2 and 5 animals, respectively) to enable dominance hierarchies to be re-
established. At the time of preference testing, the mice weighed 28.3 ± 0.2 g.

Assessment of dominance
Two weeks before preference testing, each group was recorded on videotape for 30 min.
after cage cleaning. Aggressive behaviour between male mice is known to rise after cage
cleaning (Van Loo et al. 2000). Video recordings were analysed and animals were

Table I Number of initiated aggressive encounters in four 10-min periods (Exp. 1) or
during 30 min after cage cleaning (Exp. 2) for mice classified as dominant or subordinate.

Experiment 1 Experiment 2
Group Dominant Subordinate Dominant Subordinate

1
2
3
4

18
15
11
9

2
0
0
4

42
37
22
20

2
2
5
12

5
6
7
8

9
7
6
6

0
4
0
0

18
15
15
12

1
7
0
8

9
10
11
12

5
2
0a

0a

0
0
0a

0a

11
10
8
6

5
7
3
2

aomitted from analyses



categorised as dominant or subordinate depending on the number of initiated and won
aggressive encounters (Table I). For groups in which the existing hierarchy could not be
determined accurately, a second 30-min. video recording after cage cleaning was analysed 1
week later. Subsequently in the preference test, 12 dominant mice (1 in each group) were
given the choice between the most frequently attacked subordinate cage mate and an
empty cage (Experiment 2). The remaining 18 subordinate mice from groups of 5 mice
(6x3 mice) were used for Experiment 3. In this preference test, 9 of these subordinate
males were given a choice between an unfamiliar subordinate male (from another cage)
and an empty cage.

Behaviour
In Experiments 2 and 3, the behaviour of two dominant mice and one subordinate mouse
was scored during the final 24 h of preference testing. Behaviour was recorded with a time
lapse video recorder (Panasonic AG-6024), recording 24 h on a 3 h videotape. Tapes were
analysed by scan-sampling every 5 sec (= 45 sec. real time) with the aid of the Observer
(version 3.0 for Windows, Noldus Information Technology bv, Wageningen, The
Netherlands). Next to the position of the mouse (empty, inhabited or central cage) the
following behaviours were scored: eating and drinking (eat), digging (dig), grooming (gro),
social interaction (sin), sleeping (sle), climbing (cli), rearing (rea), and locomotion (loc). If
the mouse was not in view or his behaviour difficult to determine, this also was noted
(inv).
Table II Food and water consumption of mice in Experiments 1, 2 and 3 in both test cages.

Food consumption (g ± SEM)
Water consumption
(ml ± SEM)

Experiment Mouse type Inhabited cage Empty cage Inhabited cage Empty cage

1 Subordinate
littermates 3.9 ± 0.9 3.9 ± 1.0 5.1 ± 0.7 5.3 ± 0.6

1
Subordinate

non-
littermates

4.4 ± 0.4 3.7 ± 0.4 5.1 ± 0.5 5.1 ± 0.7

2 Familiar
dominant 5.2 ± 0.5 5.1 ± 0.6 5.9 ± 0.7 5.5 ± 0.4

3 Unfamiliar
subordinate 5.4 ± 0.7 6.7 ± 0.5 4.2 ± 0.4a 7.7 ± 0.8a

a P < 0.05
C h a p t e r  228
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Results

Experiment 1: Choice of subordinate males for their dominant cage mate
Littermates and non-littermates did not differ significantly in their preference. Data of
these groups could thus be combined to analyse overall preference. For the 24-hour
analysis, the subordinate mice showed a clear preference for their dominant cage mate (P
< 0.01). Figure 2 illustrates this preference, both for littermates and for non-littermates.
Data analysis of the night period was consistent with the overall analysis: A clear
preference was shown for the inhabited cage (P < 0.01). Data analysis of the day period,
however, revealed this preference only marginally because of a large spread in the data as
one mouse (non-littermate) chose to sleep in the empty cage (P < 0.1). No differences
were found in food and water consumption between the two test cages (Table II). From
the two non-aggressive couples, a subordinate mouse was chosen at random and tested in
the preference test but omitted from further analyses. One mouse preferred his cage mate,
and the other chose to sleep in the empty cage.
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Figure 2 Experiment 1: Mean dwelling time in hours of subordinate male mice in the
two test cages for (a) littermates and (b) non-littermates for the final day of the
preference test (24h), a light period of 12h (day) and a dark period of 12h (night).
**P < 0.01, (*)P < 0.1
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Experiment 2: Choice of dominant males for their subordinate cage mate
Preference of dominant males showed many similarities with preference of subordinate
males in the previous experiment (Figure 3a). Mice clearly preferred to be near their
subordinate cage mate (P < 0.01), and data analysis of the night period was consistent with
the overall analysis: A clear preference was shown for the inhabited cage (P < 0.01). Again,
data analysis of the day period, revealed this preference only marginally due to one mouse’s
choosing differently (P < 0.1). No differences were found in food and water consumption
between the two test cages (Table II). Behavioural analysis of two dominant mice revealed
that, in concordance with preference data, mice spent more time in the inhabited cage.
Differences were most obvious for sleeping, locomotion, digging, and grooming (Figure
3b). The amount of aggression before preference testing was not significantly correlated
with dwelling time in the inhabited cage (r = 0.053, NS).
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Figure 3 Experiment 2: (a) Mean dwelling time in hours of dominant male mice in
the two test cages for the final day of the preference test (24h), a light period of 12h
(day) and a dark period of 12h (night). (b) Mean time budget of two dominant mice
separated for behaviour in the empty and inhabited cage. **P < 0.01, (*)P < 0.1
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Experiment 3: Choice of subordinate males for an unfamiliar cage mate
Preference of subordinate males for an unfamiliar cage mate was less obvious than in the
previous two experiments (Figure 4a). Although 6 of the 9 mice tested showed a strong
preference to be near the other male, 3 mice divided their time equally across both cages,
with a slight preference for the empty cage. Consequently, overall preference tended to be
towards the inhabited cage (P = 0.05) but was significant during the light period (P < 0.05).
During the dark (active phase), no significant preference for either cage was present. Water
consumption was significantly higher in the empty cage (P < 0.05). Food consumption was
equal for both cages (Table II). Behavioural analysis of one subordinate mouse confirmed
that the mouse spent most of his time in the inhabited cage. Differences were most
obvious for sleeping, digging, and grooming (Figure 4b).
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Figure 4 Experiment 3: (a) Mean dwelling time in hours of unfamiliar subordinate
mice in the two test cages for the final day of the preference test (24h), a light period of
12h (day) and a dark period of 12h (night). (b) Mean time budget of one of the
unfamiliar subordinate mice separated for behaviour in the empty and inhabited cage.
*P < 0.05, (*)P < 0.1
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Discussion

In all three experiments the male mice showed a clear preference for the inhabited cage. In
Experiment 1, only two of the twelve subordinate mice made their nests in the empty cage,
one of whom came from an almost non-aggressive pair (omitted from analyses), the other
from a moderately to highly aggressive pair. All other mice made their nests in the cage
near their dominant cage mate (Figure 2). Of twelve dominant mice in Experiment 2, only
one made his nest in the empty cage (moderately aggressive) and one mouse seemed to
have switched cages during testing (low aggressive). All other mice made their nests in the
cage inhabited by their subordinate cage mate (Figure 3a). In Experiment 3, one of nine
subordinate mice chose to be alone, whereas two mice did not show a strong preference
for either of the cages. Six mice clearly showed a preference for the unfamiliar subordinate
mouse (Figure 4a). These results accord with results found in rats in that Gärtner (1968a,
b) reported that formerly group-housed rats rather than eat and sleep alone, actively seek
company of other rats.

This experimental set up did not allow physical contact between the test mouse and the
mouse behind the partition while preference was measured. The mice may have been
aware of this, which may have influenced the choice of the test mice. The hierarchy
between two male mice unable to be in bodily contact, however, does not cease to exist
when close olfactory and visual contact is possible (Parmigiani et al. 1989, Hurst et al.
1993). In fact, Kudryavtseva (1991) used a similar set-up, known as the sensory contact
model, to investigate aggressive and submissive behaviour in male mice. In spite of this,
both the subordinate and the dominant mice independent of levels of aggression that were
scored before preference testing chose to be in the vicinity of another mouse for the
majority of time. This is partly in concordance with Kudryavtseva (1994), who found that
mice who repeatedly had won an encounter with their partners (comparable with the
dominants in this test) spent a lot of time approaching the partition separating them from
their partners. Losers (subordinates) did this to a lesser degree, but whether losers would
have avoided the partition by moving to another cage was not tested.

As preference is measured by dwelling time, the cage in which the animals make their nests
and sleep, by definition, is the most preferred cage. Experiments 1 and 2, however, clearly
showed that during the active night period, the mice seek company for the majority of time
(Figures 2 & 3a). In a similar experiment with female rabbits, Held et al. (1995) gave low
ranking does a choice between a barren solitary pen or group pen and they showed a
strong preference for the group pen. For dominant mice, this preference during the active
period also may indicate a true preference for company. Another explanation may be that
the dominant mouse prefers to stay in close proximity to his subordinate cage mate to
control the other male and defend his own territory (Poole & Morgan 1973). The
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hypothesis that dominant males prefer to be alone because they do not tolerate other
males in their territory in the wild (Brain 1975) is not supported by the results of this study.
Animals in confined spaces may exhibit different social behaviour from their wild
counterparts. Poole (1992) suggested that several solitary species such as polecats and
orang-utans opt to socialise in captivity and sleep in close proximity in the nesting area.
The same may be true for male mice.

It is important to note that the preference for company of littermates and weanlings from
different litters (Experiment 1, Figure 2) is equally strong, whereas the preference of
unfamiliar subordinate mice for each other (Experiment 3) is clearly less striking than
when familiar mice were tested (Experiments 1 and 2). This indicates that familiarity, not
kinship, is a main factor for company preference. Indeed, Bisazza (1981) found that
unfamiliar mice were much less tolerant of each other and chose different nest boxes to
sleep. In this study, however, the preference for company of familiar mice was most
obvious during the dark period (Figures 2 & 3a), but for unfamiliar mice the preference for
company was most obvious during the light period (Figure 4a). This might indicate that the
unfamiliar mice prefer to sleep together while spending a considerable amount of time
alone when active. Indeed, the largest differences in behaviour of the videotaped
subordinate mouse were found in sleeping and sleeping-related behaviours (digging and
grooming, Figure 4b). These results do not agree with those of Kudryavtseva (1994), who
found that mice separated by a partition spent more time near the partition when the
familiar mouse behind a partition was replaced by an unfamiliar one.

The unfamiliar subordinate mice in this study had a preferred cage for water but not for
food consumption. All other mice had no preferred cage for food and water consumption.
This is in accord with the results of Blom et al. (1996) who, in preference tests for bedding
material, found that mice showed a clear preference for one of the test cages whereas food
and water intake was similar for four test cages. Many social mammals, including rodents,
prefer to eat and drink together (Gärtner 1968a, b), a behaviour known as social
facilitation. On the other hand, dominant mice have been reported to defend resources
and restrict the movements of subordinates (Poole & Morgan 1973). These results support
neither of these two possible scenarios.

Conclusions and recommendations

The results described in this article favour the idea that male mice prefer each other’s
company to individual housing, at least when precautions are taken so that the mice are
unable to injure one another. Male mice of the BALB/c strain are moderately aggressive
when housed in groups. When extrapolating results to other, more aggressive mouse
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strains, we should keep in mind that the mice used in this experiment had been
successfully group-housed for a relatively long time before testing and that no extreme
injuries were observed. This may have biased the results in favour of social contact.
Nevertheless, we may argue that other approaches, such as improvement of the housing
conditions, should be explored to decrease the incidence of injury in group-housed male
mice without depriving them of social contact. Research on this subject currently is being
conducted in our laboratory.
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Preference for social contact versus
environmental enrichment in male
laboratory mice

PLP Van Loo, HA Van de Weerd, LFM
Van Zutphen, and V Baumans

Abstract
Due to their aggressive nature, male mice
are less frequently used than females in
biomedical research. When aggressive
males are being used, individual housing is
common practice. The question arises
whether this is an acceptable housing for a
social species. The present study was
designed to gain more insight into the
nature of intermale social contact and into
the potential of a form of environmental
enrichment (tissues) to compensate for the
lack of social contact. In a series of tests,
male mice were given the choice either
between a standard cage with bedding and
a similar cage inhabited by a familiar cage
mate or between a standard cage enriched
with nesting material and an inhabited
cage. Dwelling time in each of the test
cages and sleeping sites were recorded, as
was the behaviour of the test mice. Results
indicated that when other conditions were
similar, male mice preferred to sleep in
close proximity of their cage mate.
Furthermore, the need to engage in active
social behaviour increased with age.
Nesting material was used to a large extent
for sleeping and sleep-related behaviour. It
is concluded that single housing in order to
avoid aggression between male mice is a
solution with evident negative
consequences for the animals. However,
when individual housing is inevitable due
to excessive aggressive behaviour, the
presence of nesting material may, at least
in part, compensate for the deprivation of
social contact.

S u b m i t t e d



C h a p t e r  338

Introduction

Forty-five percent of all vertebrates used for scientific purposes in The Netherlands are
mice (Ministry of Health, Welfare and Sport 2001). About 70% of the male mice is
euthanized before weaning. This percentage increases to 75-80% for aggressive strains
such as BALB/c or FVB (Laboratory Animal Science Association 1998). The main reason
for this waste is a failure to group-house male mice of aggressive strains. The optimal way
of housing male mice in the laboratory is a matter of concern and research in this area may
support changing management procedures that improve the housing conditions of male
mice. As mice are a social species, both the Council of Europe (1997) and the Rodent
Refinement Working Party (1998) recommend that these animals should be housed in
social groups. In the wild, mice will form territories in which one dominant male, females
with their progeny, and subordinate males live. The dominant male defends his territory
containing resources such as females, food and a nest site. Familiar subordinate males are
generally tolerated inside the territorial boundaries (Crowcroft 1966, Mackintosh 1970,
1973, Hurst et al. 1993). In the laboratory too, male mice will form dominance
relationships (Poole & Morgan 1973, 1976). In mildly aggressive strains or when the mice
are young, the animals can live in harmonious social groups (Bisazza 1981, Brain &
Parmigiani 1990). In other cases male mice may frequently fight and inflict wounds to their
cage mates, often so that separation is inevitable (Haseman et al. 1994). Individual housing
of males is recommended or common policy for strains that are known for their high
levels of aggression (Committee on Infectious Diseases of Mice and Rats 1991, Mouse
Genome Database 2001). However, individual housing has also frequently been reported
to be stressful for mice and has even been used as a model for social deprivation in man
(see Brain 1975 and Claassen 1994a for a review). It may cause both physiological and
behavioural abnormalities, referred to with the term ‘isolation syndrome’ (Hatch et al.
1965, Haseman et al. 1994, Hol et al. 1999). Brain (1975) on the other hand argues that
effects of individual housing seen in male mice may actually reflect territoriality and that
housing male mice individually, i.e. providing them with their own territory, is not as
stressful for them as is often reported.

In group-housed mice, social contact exists of several behavioural elements that can be
divided into two categories: passive and active social contact. Passive social contact is
expressed when group-housed mice sleep or rest in close body contact. This behaviour
may provide for the need for warmth, body contact and perhaps a sense of security when
asleep (Van de Weerd et al. 1994). According to our observations, group-housed mice
always huddle when sleeping. Socially reared rats also prefer to sleep together (Gärtner
1968a, b). Active social contact is expressed when animals in a group interact through
behaviours such as mutual grooming, social exploration, vocalisation, play, aggression and
sexual behaviour. Evidence exists that rats are motivated to actively interact socially.
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Varlinskaya et al. (1999) found that, after increasing periods of isolation, re-grouped rats
show increasing levels of play and other social behaviours. When applying a homeostatic
motivation model such as proposed by Hughes & Duncan (1988), the increase in social
behaviour reported by Varlinskaya et al. may have been the result of an increased
motivational state for social contact. The appetitive (goal-seeking) behaviour can not be
satisfied during isolation, which would automatically lead to a so-called rebound effect: a
more intense or longer performance of consummatory behaviour (i.e. social behaviour)
when the appropriate stimulus (i.e. the presence of another rat) is presented.

With regard to the housing of male laboratory mice, the question thus arises whether the
need for both passive and active social contact is stronger than the need for an individual
territory. In other words, do male mice prefer individual housing rather than being housed
with cage mates of the same sex. Preference testing is one way to get more insight into the
behavioural needs of animals (Blom et al. 1992, Fraser 1996). Preferences of mice for
environmental factors such as temperature, bedding, nesting material or nest boxes has
been tested extensively (Blom et al. 1996, Van de Weerd et al. 1997a, 1998a,b). Previous
experiments testing social preference indicated that male mice choose to dwell near other
males, rather than alone (Van Loo et al. 2001a). This was true for both dominant and
subordinate mice, whether familiar or not. These experiments involved mature or ageing
mice. To confirm previous results also at other ages and to further investigate the optimal
housing conditions for male mice, an experiment was conducted in which social
preferences of male mice were tested at different ages. The mice were given a choice
between a cage inhabited by another male or a standard cage with bedding. In each test the
two males were initially separated by a partition which was removed at a later stage.
Furthermore, tests were conducted in which nesting material was introduced in the
standard cage with bedding to investigate the preference for social housing against non-
social, enriched housing. Nesting material has previously been shown to be strongly
preferred by mice of both sexes, and nest building may be regarded as an essential
behavioural need (Roper 1973, Van de Weerd et al. 1997a, 1998b).

Methods
The protocol of this experiment was approved by the Animal Experiments Committee of
the Faculty of Veterinary Medicine at Utrecht University (IACUC).

Animals and husbandry
Sixty male mice of the BALB/cAnNCrlBR strain were used in this experiment. Mice of
the BALB/c strain are moderately aggressive towards cage mates. In group-housed males,
wounding of the tail and back of subordinates is common (Van Loo et al. 2001b). Extreme
fighting causing severe injury or death, however, is rare, so that the chance that the
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experiment had to be terminated prematurely was minimal. Mice were randomly housed in
groups of two per cage. All pairs were housed in wire topped Makrolon type II cages (375
cm2, Tecniplast, Milan, Italy) provided with sawdust (Lignocel ¾, Rettenmaier & Söhne,
Ellwangen-Holzmühle, Germany). Tap water and food pellets (RMH-B, Hope Farms,
Woerden, The Netherlands) were provided ad libitum. The animal room had a controlled
photoperiod (12:12 L:D, white light on at 07.00h, approx. 200 lux at 1 m above the floor),
temperature (23-24°C), relative humidity (60 ± 5%), and ventilation (15 air changes h-1).
The rooms in which preference tests took place had similar conditions, except that during
the dark phase, red light (approx. 5 lux at 1 m above the floor) was on to allow video
recording. Between preference testing, cages were cleaned, mice were weighed and wounds
were counted weekly to monitor the mice’ health. Twice a week, at 11.00h it was scored
whether the mice were sleeping together or separately.

General procedure
The mice were 5 weeks old when they arrived and were allowed an acclimatisation period
of 5-9 days in their home cages, depending on when their preference was tested. They
were then transferred to a preference test-habituation system for another 2 days. This
system consisted of two Makrolon type II cages, connected with a passage tube similar to
the tubes used in the preference test system. Five to seven hours prior to preference
testing, the behaviour of the mice was recorded on videotape for a period of thirty minutes
immediately following cage cleaning as previous studies showed that this procedure gives
rise to an increase in aggressive behaviour (Van Loo et al. 2000). One mouse in each pair
was randomly chosen to be the test mouse. Mice were introduced into the preference test
system (see below) between 15.00h and 16.00h and tested during 48h. Immediately
following preference testing, the mice were introduced in another choice test system (see
below) for another 24h. The mice were then returned to their home cages. One week after
the initial preference test, each pair was subjected to a second preference test followed by a
second choice test. The mice were then returned to their home cages in the animal room
(period ‘young’). The procedure was repeated from behavioural recording after cage
cleaning onwards when the mice were 14-15 weeks of age (period ‘adult’), and again when
the mice were 37-38 weeks of age (period ‘old’). During each testing period, the mice were
subjected to one preference test in which an inhabited cage was tested against an empty
cage with standard bedding, and one preference test in which an inhabited cage was tested
against a cage with bedding and nesting material. The order of these tests was randomised.
Due to excessive aggression in many pairs in period ‘old’, the choice test was only
performed after preference testing in periods ‘young’ and ‘adult’.
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Preference testing
The preference test system used in this study has been validated and described in detail by
Blom et al. (1992). In short, a housing system was used, consisting of two test cages
connected to a clear perspex central cage (15x15x18 cm) by non transparent tubes (PVC,
inner dimensions: 2.6x2.6x25 cm). The test cages were Makrolon type II cages, divided in
two by a perforated perspex partition. Each test cage was provided with 50 g of sawdust
and each half of the cages was provided with food pellets and tap water in a bottle. One
mouse of each pair (the test mouse) could roam freely in the test system while the other
was housed behind the perspex partition of one test cage (‘inhabited’). The other test cage
had either no additions (‘standard’) or was enriched with nesting material (‘enriched’: 1
Kleenex tissue, Kimberly-Clark Corporation, EEC). The central cage had no food, water
or bedding. Food and water of each test cage were weighed before and after the
experiment. A total of six of these housing systems were used to allow simultaneous
testing of six pairs of mice. To minimise possible external influences on choice behaviour,
each system rotated slowly during testing. The movements of the mice between the test
cages were detected automatically by means of photoelectric devices in the passage tubes.
The signals were sent to a computer which calculated dwelling times per cage (software:
Gate-Watch, Metris BV, Hoofddorp, The Netherlands).

Establishment of social rank
One animal of each pair was categorised as dominant or subordinate based on the number
of wounds counted between preference tests and following choice tests (Figure 1). When
the hierarchy was ambiguous, the agonistic encounters during 30 min. after cage cleaning
in the beginning of each test period were taken into account to clarify dominance
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relationships. Hierarchy was re-determined for each test period. In seven pairs the initial
subordinate animal successfully defeated the dominant mouse (Figure 1). One pair showed
extremely high levels of aggression from the start of the experiment and was omitted from
testing after the first preference test in period ‘young’, and in one pair an accidental death
occurred after the first period. Furthermore, in some pairs aggression increased
substantially during the course of the experiment, either by the previously mentioned
changes in hierarchy or otherwise. To prevent unnecessary pain and suffering, eight of
these pairs were separated and omitted from the final test period ‘old’. The number of
dominant and subordinate mice tested during the three test periods is listed in Table I.

Choice testing
Immediately following each preference test, the two test cages were connected with one
passage tube (i.e. without a central cage) and the perspex partitions were removed. Both
mice from each pair were allowed to roam freely in this choice system for 24h. At 10.00h
and 16.00h the sleeping area of the mice was scored. Wounds were scored before and after
the mice entered the choice test.

Behaviour
One of the six preference test systems was equipped with an observational equipment,
described in detail by Van de Weerd et al. (1997a), that allowed recording of the behaviour
of the mouse in that system with a time lapse video recorder. In this way, in 28 preference
tests the circadian cycle of a mouse was recorded on 3h videotapes. The light and dark
phase on each tape were analysed separately by time-sampling the behaviour of the mice
every 5 sec (= 45 sec. real time) with the aid of the Observer (version 3.0 for Windows,
Noldus Information Technology bv, Wageningen, The Netherlands). The ethogram is
presented in Table II. Furthermore, the location of the mouse (standard/enriched cage,
inhabited cage or central cage) was scored.

Table I Number of pairs submitted to two different preference tests for three
test periods.

Mouse tested
Period Test Dominant Subordinate Total

Young Control
Nest

13
14

16
16

29
30

Adult Control
Nest

13
12

15
16

28
28

Old Control
Nest

6
6

14
14

20
20



Table II Ethogram.

Category Behaviour Description

Sleeping (sl)
Movements are absent while the animal is in a lying position.
Very short movements during a long resting period (e.g. turning)
are not considered as an interruption.

Grooming (gr) The mouse is shaking, scratching, wiping or licking its fur, snout,
ears, tail or genitals.

Sleep and
sleep-
related
behaviour Nest

manipulation
(man)

Manipulation of the tissues, includes shredding, fraying, dragging
and nest building behaviour.

Eating (eat) Gnawing on food particles from the food hopper or from the
sawdust, including coprophagy.Ingestive

behaviour
Drinking (dr) Licking the nipple of the drinking bottle.

Locomotion (lo) Walking, running or jumping.

Rearing (rea) The animal is standing on its hind feet or toes. The fore paws
may lean against the passage tube, cage wall or food hopper.

Climbing (cl) Climbing on or hanging from the bars of the wire cage lid or
food hopper, or standing on the passage tube or drinking nipple.

Physical
activities

Digging (dig)
Bedding material is pushed forwards or backwards with nose,
fore paws or hind legs. Mouse moves around or is sitting in one
place.

Social
exploration

Sniffing hole
(sn)

The mouse is sniffing the holes of the partition, or the ridge
between the partition and the cage floor.

Invisible Invisible (inv) The mouse is not in view or its behaviour is difficult to interpret.
S o c i a l  v e r s u s  e n v i r o n m e n t a l  p r e f e r e n c e s 43

Statistical analysis
A pre-test power analysis was performed to determine the appropriate number of animals.
A total of 30 pairs of mice allowed two to three pairs to deviate from the norm and
constituted a Power of 0.84-0.94 depending on the variable distribution of dominant and
subordinate test mice. Data on dwelling time were analysed by distinguishing four time
frames: total dwelling times per cage, dwelling times of the second 24h, dwelling times
during the final light phase (12h) and dwelling times during the final dark phase (12h).
Dwelling times were analysed using a linear mixed effects model with proportional
dwelling time (i.e. time spent in standard or enriched cage divided by total dwelling time in
both test cages) as intercept, with period and status as fixed effects and group as random
effect. Time spent in the central cage was not incorporated in these tests. When overall
significant differences in cage choice were found, Students t-tests with Bonferroni
correction (initial P-value multiplied by 3, indicated by PB) were conducted on the absolute
dwelling times (central cage excluded) for the three consecutive preference test periods.



C h a p t e r  344

Data on food and water intake were analysed using an ANOVA for repeated measures
with cage as between-subject effect and status as within-subject effect. Correlation between
dwelling times and the aggression-index (i.e. total number of wounds counted in a pair,
corrected for age of euthanasia or death; see Figure 1) was calculated by means of a
Spearman Correlation and Bonferroni-corrected. Sleeping sites during the choice tests
were analysed by means of an exact binomial test. All statistical tests were carried out using
SPSS for MS Windows Release 9.0 or S-plus 2000 Professional Release 2  (1988-1999,
MathSoft, Inc.). Descriptive statistics were used to analyse the behavioural data.

Results

Preference tests
No significant effect of social status of the mouse (i.e. dominant or subordinate) could be
detected for any of the preference tests conducted. This factor was therefore discarded
from the statistical model.

1. Inhabited versus standard cage
When the total duration of the preference tests was analysed (i.e. 48h), and mice of all ages
taken into account, mice showed an overall preference for the inhabited cage (P < 0.01;
data not shown). Although young mice (period ‘young’) did not show a significant
preference for the standard or the inhabited cage, they spent more time in the inhabited
cage as compared to the standard cage when the mice became older. These individual
effects were, however, not significant (PB < 0.1). In some cases, mice changed their
sleeping site during a preference test. Therefore, preference analyses of dwelling time of
the second 24h were conducted separately. Results indicate that the observed changes in
sleeping site slightly influenced overall preference of the mice (period ‘young’: n.s.; period
‘adult’: PB < 0.05; period ‘old’: PB < 0.1; Figure 2 top). To investigate whether preference
was influenced by time of day, a twelve-hour light and a twelve-hour dark phase were
analysed separately. Again, an overall significant preference for the inhabited cage was
found both during the light (P < 0.05, Figure 2 middle) and during the dark phase (P <
0.01, Figure 2 bottom). T-tests showed that this effect was mainly caused by the choice of
‘old’ mice (both phases: PB < 0.05) and in the dark phase to a lesser extent, by the choice
of the ‘adult’ mice too (PB < 0.1).

Food and water intake in the two test cages did not differ significantly in the three test
periods (Table III). In period ‘young’, dominant mice generally consumed more food than
subordinates (PB < 0.05) and in period ‘old’ a significant cage x status interaction effect
was present, as dominant mice predominantly ate in the standard cage while subordinate
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mice predominantly ate in the inhabited cage (PB < 0.05). Spearman correlation between
dwelling time and aggression-index showed that for subordinate mice in period ‘adult’,
dwelling time in the inhabited cage decreased with increasing aggression (r = -0.681, PB <
0.05). No other significant correlations were found.
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Figure 2 Dwelling times in central, inhabited and standard cage for young mice
(7-8 weeks), adult mice (14-15 weeks) and old mice (37-38 weeks) split up for a full
circadian cycle (top), a 12-hour light phase (middle) and a 12-hour dark phase
(bottom). (*) PB < 0.1; * PB < 0.05
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2. Inhabited versus enriched cage
When the mice could choose between a cage enriched with nesting material and an
inhabited cage without nesting material, a strong overall preference for the cage containing
nesting material was present in all time frames analysed (Pdark < 0.01, other time frames: P
< 0.001; Figure 3). Furthermore, in the 48 hr and light phase analyses, a significant choice
x time effect was present: the preference for nesting material decreased slightly with age
(P48h < 0.05; Plight < 0.01). T-tests revealed that young mice showed a strong preference for
nesting material in all time frame analyses, except during the dark phase (Dark: n.s.; Other:
PB < 0.001). Adult mice showed a similar strong preference for the nesting material that
was also present during the dark phase (Dark: PB < 0.01; Other: PB < 0.001). Preference of
old mice was less strong, but comparable to that of young mice: Dark: n.s.; Other: P <
0.01). In periods ‘young’ and ‘adult’, mice ate significantly more in the inhabited cage
(period ‘young’: PB < 0.01, period ‘adult’: PB < 0.05). No other significant differences
could be revealed for food and water intake (Table III). Dwelling time and aggression-
index in these tests were not correlated significantly.

Behaviour
Behavioural data were not tested statistically. Descriptive statistics revealed that when mice
were given the choice between a standard and an inhabited cage, they performed the
majority of behaviours in the inhabited cage both during the light and the dark phase
(Figure 4: only data from dark phase are shown). This was true both for sleeping and

Table III Food intake (g) and water intake (ml) during preference testing (mean ± SEM).

Dominant Subordinate
Period Standard Inhabited Standard Inhabited

Inhabited
vs.
Standard

Young
Adult
Old

7.0 ± 0.5
5.0 ± 0.5
5.6 ± 0.7

5.5 ± 0.6
4.6 ± 0.5
2.3 ± 0.8

5.5 ± 0.6
5.8 ± 0.6
3.4 ± 0.7

5.5 ± 0.5
4.2 ± 0.5
6.0 ± 0.8

S *

C x S *
Food

Inhabited
vs.
Enriched

Young
Adult
Old

4.8 ± 0.4
3.3 ± 0.4
3.1 ± 0.8

7.0 ± 0.5
5.3 ± 0.5
5.3 ± 0.7

5.4 ± 0.4
3.8 ± 0.6
4.1 ± 0.7

6.7 ± 0.4
5.8 ± 0.6
4.3 ± 0.7

C **
C *

Inhabited
vs.
Standard

Young
Adult
Old

7.7 ± 1.7
6.5 ± 0.8
6.3 ± 0.4

5.0 ± 0.8
5.0 ± 0.7
5.3 ± 0.7

5.8 ± 0.6
7.0 ± 0.5
5.3 ± 0.8

5.2 ± 0.5
5.0 ± 0.4
7.6 ± 1.2

Water
Inhabited
vs.
Enriched

Young
Adult
Old

7.9 ± 1.5
6.8 ± 0.8
7.7 ± 1.6

5.6 ± 0.6
5.3 ± 0.8
5.1 ± 1.0

7.8 ± 0.8
6.8 ± 0.6
7.0 ± 1.0

5.6 ± 0.7
6.3 ± 0.6
5.5 ± 0.8

S: Status effect, C: Cage effect, * P < 0.05, ** P < 0.01
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exploratory behaviours, and the effect increased with age. The most pronounced age
effects were seen for ingestive behaviour and hole sniffing (social exploration). When mice
were given the choice between an enriched and an inhabited cage, the majority of sleeping
and sleep-related behaviours (grooming and tissue manipulation) were performed in the
enriched cage. Exploratory behaviours and ingestive behaviours, however, were performed
mainly in the inhabited cage (Figure 5: only data from dark phase are shown).
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adult mice (14-15 weeks) and old mice (37-38 weeks) split up for a full circadian cycle (top), a 12-
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Choice tests
When the perspex partitions in the test cages were removed, the majority of mice chose a
common sleeping site. For tests in which the previously inhabited cage was tested against
the previously standard cage, this was true for all mice in period ‘young’. In period ‘adult’,
in two out of 27 pairs the mice chose to sleep separately. Previous sleeping site of neither
the dominant nor subordinate was a factor determining the common sleeping site. No
preference for one of the two test cages to be the sleeping area was revealed in either
period (Table IV). In the choice tests in which enriched cages were connected to the
inhabited cages, the majority of mice chose their common sleeping area in the cage with
nesting material in both periods (Pyoung < 0.05; Padult < 0.001). Those that chose differently
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generally dragged the nesting material to the other cage. Two pairs slept separately in
period ‘adult’ (Table IV). Between preference tests, pairs were never seen to have separate
sleeping areas, they usually slept in close body contact. Occasionally, one or both mice
were active during scoring.

Table IV Results of the choice test.

Inhabited - Standard Inhabited - Enriched
Sleeping area Dominant Subordinate Dominant Subordinate

Inhabited cage 8 11 5a 2a

Pe
rio

d 
‘yo

un
g’

Standard or enriched cage 4 5 8 13

Inhabited cage 7 6 0 3b

Standard or enriched cage 4 6 11 12

Pe
rio

d 
‘ad

ul
t’

Sleeping separately or
active during scoring

1 3 1 1

a All pairs dragged the nesting material to their sleeping area
b Two out of three pairs dragged the nesting material to their sleeping area

Discussion

Passive social contact
In this experiment we have tested whether male laboratory mice express a preference for
passive and active social contact at different ages, and how this preference relates to
preference for non-social enriched housing. It should be noted that during the first part of
preference testing, the mice were not able to sleep in close body contact because of the
presence of a cage partition. Mice spend around 50% of their time sleeping, and they
generally use a fixed nest site. As preference is measured by dwelling time, the cage in
which the mouse sleeps is by definition the preferred cage (Blom et al. 1992). If warmth
and body contact are important factors to fulfil the need for passive social contact, these
could not be met in the preference tests where the animals were separated by a perforated
perspex partition. However, they could be met in the choice tests and between preference
testing, when mice were housed in their home cages. Data of sleeping site during between
preference test periods and the choice tests provide strong evidence that the need for body
contact does exist: during between preference test periods, pairs were never observed
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sleeping separately. Furthermore, after removal of the partitions, practically all mice
immediately chose a common nest site and slept in close proximity. Only after the second
preference test (when the mice were aged 14-15 weeks), four pairs slept in different areas.
In three of these pairs, aggression increased temporarily after the second test period as
indicated by an increase in wounds after choice testing. Between the second and third
period, however, they shared nests again. In an experiment testing territorial behaviour in
three strains of male mice, mice of two strains, including BALB/c shared nests as well,
while adult mice of the highly aggressive Swiss strain kept individual territories. Prior to
testing, however, the Swiss mice too shared a nest in the home cage (Bisazza 1981). These
results imply that both the level of aggressiveness and the opportunity to obtain an
individual territory are important though not predominating factors affecting the mice’
choice whether or not to share nests.

Active social contact
In this experiment mice were unable to have close physical contact during preference
testing, but were able to communicate by sight, hearing, smell and nose contact through
the holes in the partition. The hierarchy between two male mice which are not able to be
in bodily contact does not cease to exist when close olfactory and visual contact is possible
(Parmigiani et al. 1989, Hurst et al. 1993). Kudryavtseva (1991) has developed and
successfully tried a sensory contact model in which two male mice were separated by a
perforated partition, to investigate aggressive and submissive behaviour without
interference of isolation effects (Kundryavtseva 1994, 2000, Kundryavtseva et al. 2000).

When the mice were given a choice between a standard cage and an inhabited cage, they
initially did not show any clear preferences for either cage. When the mice grew older
however, they showed an increasing preference for the inhabited cage (Figure 2). This
overall increase in preference for the inhabited cage was reflected both during the light and
the dark phase. Behavioural analyses showed that an increase in sleeping, grooming and
hole sniffing in the inhabited cage were mainly responsible for this shift in preference.
These results are in concordance with previous results in which mature and ageing mice
had a clear preference for the inhabited cage (Van Loo et al. 2001a) and with Sherwin
(1996a) who found that a wide variety of resources, one of which was companionship,
were perceived by laboratory mice as important. During the dark phase, mice were active
most of the time. If there is a need to interact actively, mice are expected to spend more
time in the inhabited cage in the dark phase. This was the case when the mice were old and
to a lesser extent, when they were adult. Young mice, however, did not express any
significant preference for either the inhabited or the standard cage. This initial lack of
preference for the inhabited cage is an interesting phenomenon. At the time of first testing,
the mice were still in puberty (7-8 weeks of age), and were housed together for only two
weeks. In most pairs, clear dominance relationships had yet to be formed. Busser et al.
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(1974) provided evidence that in groups of mice aggressive and non-aggressive types of
animals can be distinguished. Mice from the aggressive type have the propensity to become
dominant (α mice), but if defeated, they become outcasts (ω mice) that live peacefully
together in the outer regions of the territory. Whenever they encounter the α-male, they
are attacked. Mice from the non-aggressive type (β mice) tolerate the aggressive behaviour
of the dominant mouse, invoke less aggression and are able to roam freely through the
cage. In the light of these findings, one can argue that in the present experiment, the need
to form an individual territory for mice of the aggressive type may have exceeded the need
to interact socially with a familiar partner. Mice of the non-aggressive type, on the other
hand, would not express a need for an individual territory. They would thus show a
preference for the inhabited cage from the start of preference testing. In period ‘young’,
dwelling times of the individual mice varied strongly. In the dark, active phase, 41% of the
mice had a clear preference for the inhabited cage, and 41% mice had a clear preference
for the standard cage, while 18% divided their time equally across both cages. In periods
‘adult’ and ‘old’, the need to form an exclusive territory may have diminished and the need
for social contact may have increased, since by that time dominance relationships had
already been firmly established. The increase in preference for the inhabited cage in
periods ‘adult’ and ‘old’ seems to support this view (Figure 2): in period ‘adult’, 68% of the
mice preferred the inhabited cage and 21% the standard cage, and in period ‘old’, 75%
preferred the inhabited cage and 25% the standard cage.

Behavioural data are in concordance with dwelling time analyses: most active behaviours
were performed more in the inhabited cage. This was especially true for hole sniffing
directed at the mouse behind the partition. In concordance with dwelling time data, hole
sniffing increased strongly with age. In accordance with motivational models (e.g. Hughes
& Duncan 1988), hole sniffing may be regarded as appetitive behaviour for social contact.
Its pronounced increase and the clear overall preference for the inhabited cage may well
reflect an increased motivation to perform active social behaviour. Despite the overall
increase in preference for the inhabited cage, we found a significant negative correlation
between aggression and dwelling time in the inhabited cage for subordinate mice in period
‘adult’. Apparently, when levels of aggression increased, subordinate mice chose to spend
less time with their dominant cage mate. This finding is in concordance with Kudryavtseva
(1994), who found that mice that had repeatedly won an encounter with their partners
(comparable with the dominant mice in this test) spent a considerable amount of time on
behaviour directed at the partition separating them from their partners. Losers (i.e.
subordinates) showed this behaviour much less, but whether losers would have avoided
the partition by moving to another cage was not tested.
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Trade-off between social and enriched housing
When mice could choose between an inhabited cage and a cage enriched with nesting
material, they all clearly chose the cage with the nesting material to sleep in. This
preference hardly changed when the mice grew older, although time spent in the inhabited
cage increased slightly with age. Effects were most obvious during the light phase. During
the dark phase, a considerable amount of time was spent in the inhabited cage. Behavioural
analyses revealed that sleeping and sleeping-related behaviours (grooming and tissue
manipulation) were mainly performed in the enriched cage. When comparing the results of
the two types of preference tests it was obvious that for the tests involving nesting
material, mice showed a much higher uniformity of choice  than for tests involving the
standard cage (Figure 2 and 3: difference in SEM). Nesting material is known to be highly
preferred by mice of both sexes (Sherwin 1996b, Van de Weerd et al. 1997a, 1998b) and is
regarded to be inelastic in demand (Roper 1973). Results of the present experiment
support this. Nesting material provides warmth and shelter from light and other aversive
stimuli. In this sense, nesting material may be regarded as an extra dimension to the need
for a warm and secure sleeping area that would normally be fulfilled by the presence of
cage mates. After partitions were removed, nesting material was always used to form a
communal nest site.

The need for nesting material only seemed to be present at sleeping time. During the dark
phase, when the mice were active for 65-70% of their time, the large difference in dwelling
time that was seen in the overall and light phase had disappeared (Figure 3). Behavioural
data of a selected sample of mice showed that frequency of all active behaviours during
both the light and the dark phase were higher in the inhabited cage than in the enriched
cage and this difference increased with age. In concordance with data from the test
‘inhabited – standard cage’, hole sniffing increased clearly with age and was almost
exclusively performed in the inhabited cage during test periods ‘adult’ and ‘old’. This is in
accordance with the previously formed hypothesis that mice have a need for active social
contact that increases with age. During times when the mice were active, the need for
nesting material decreased substantially, and the need for social interaction could prevail.

Conclusions and recommendations

The conclusions that can be drawn from this experiment are twofold:
First, the present results indicated that group-housed male laboratory mice preferred each
other’s company above individual housing. Male mice seemed to have a need for both
passive and active social contact. Mice of all ages tested seeked passive social contact
whenever they were given the opportunity, while preference for active social contact
increased gradually with age and was clearly present in mice older than 14-15 weeks.
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Secondly, the results indicated that nesting material was highly preferred by mice of all the
ages tested, especially when they engaged in sleeping and sleep-related behaviours. Its
presence in home cages of mice may provide a valuable addition to the mice’ behavioural
repertoire and may increase their sense of security. When male mice are deprived of social
contact because individual housing is unavoidable, nesting material may, at least in part,
compensate for the loss of passive social contact and the associated lack of warmth and
security.
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Modulation of aggression in male
mice
Influence of cage cleaning regime and scent
marks

PLP Van Loo, CLJJ Kruitwagen, LFM
Van Zutphen, JM Koolhaas and V
Baumans

Abstract
Group housing of male laboratory mice
often leads to welfare problems due to
aggressive behaviour. From a welfare
perspective, individual housing is not a
preferred solution to these problems - and
so we sought other ways of reducing
aggression between male mice. Aggression
peaks after disturbances such as cage
cleaning. Transfer of olfactory cues during
cage cleaning procedures has been
repeatedly proposed as a means of
reducing these peaks in aggression. In this
study, the aggression-modulating proper-
ties of olfactory cues were studied by
investigating the effects of their source and
distribution on aggression after cage
cleaning in groups of male BALB/c mice.
The physiological effects of aggression on
individuals within a group were also
monitored. Our results indicated that
neither kinship nor distribution of urine
marks affected aggression. Olfactory cues
from nesting and bedding material,
however, affected aggression to a marked
degree: transfer of nesting material reduced
aggression significantly, while transfer of
sawdust containing urine and/or faeces
seemed to intensify aggression. None of
the physiological data revealed any
differences between dominant and
subordinate animals, nor any correlations
with aggressiveness, except that dominant
animals gain weight more rapidly than
subordinate ones. We conclude that the
transfer of nesting material will reduce
aggression, or at least slow down its
development, and thus aid the reduction of
social tension due to cage cleaning.

A n i m a l  W e l f a r e  ( 2 0 0 0 )  9 ,
2 8 1 - 2 9 5
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Introduction

Social versus individual housing
In their natural habitat, male mice will usually form territories in which unfamiliar males
are not tolerated, while familiar subordinate males are tolerated to a certain extent
(Crowcroft 1966, Mackintosh 1970, 1973). Laboratory mice are often housed in single sex
groups of 3-10 animals, and form - mainly despotic - dominance relationships (Poole &
Morgan 1973, 1976, Mondragón et al. 1987). Evidence exists that tolerance of subordinate
males is usually highest in high density groups, preventing dominant mice from forming
individual territories. This phenomenon is known as the crowding effect (Van
Oortmerssen 1971, Hurst et al. 1993, Busser et al. 1974). In many cases, depending on
strain and age and after an initial period of fighting to establish the hierarchy, the animals
live in harmonious social groups (Bisazza 1981, Brain & Parmigiani 1990). In other cases,
however, frequent fighting may occur. Aggression may reach such high levels that
individual animals are wounded badly (Van Oortmerssen 1971, Bisazza 1981, Van Loo
unpublished data). In these cases, an excessive form of aggression has arisen in which
some animals will repeatedly attack certain individuals causing severe stress and physical
injuries (Brain & Parmigiani 1990). To prevent further deleterious effects, these mice are
housed individually in most laboratory animal facilities. Individual housing, however, has
frequently been shown to be stressful for mice. Detrimental effects of individual housing
include both behavioural and physiological abnormalities usually referred to as ‘isolation
stress’ or ‘isolation syndrome’ (eg Chance & Mackintosh 1962, Ader & Friedman 1964,
Hatch et al. 1965, Barrett & Stockman 1966, Gärtner 1968a, b, Baer 1971, Brain 1975,
Haseman et al. 1994). Although ‘isolation’ is a term often used in this context, it is worth
noting that in the majority of cases ‘individual housing’ - with visual, olfactory and/or
acoustic information about conspecifics - is the more appropriate term. In a recent study
examining the preference of subordinate mice for the presence of their dominant cage
mate, we found that subordinate mice preferred to dwell in close proximity to the
dominant animal rather than alone (Van Loo & Baumans 1998). Similar results have been
reported in rats (Gärtner 1968a, b). These results indicate that group housing should be
preferred to individual housing, even if this may lead to aggression between the mice.
Group housing is also recommended by the ‘Berlin Report’ (O’Donoghue 1993), by the
Council of Europe (1997) and by the Rodent Refinement Working Party (1998). The
results and recommendations mentioned above imply that other solutions should be
sought to prevent the development of excessive aggression in group-housed male mice.

Aggression after cage cleaning
It is known that aggression between male mice peaks after disturbances (Rodent
Refinement Working Party 1998). A common and rather drastic disturbance that all groups
of laboratory mice undergo is cage cleaning. Cage cleaning is a necessary routine procedure
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in laboratory animal facilities which leads to a multitude of novel environmental stimuli
that may temporarily disrupt the social hierarchy of the animals in the cage (Rodent
Refinement Working Party 1998). Indeed, studies with wild mice reveal that mice depend
to a large extent on the use of olfactory stimulation for their social communication. They
mark their territory with urine and other glandular substances and may thus communicate
with other males to recognise one another and advertise social status (Ropartz 1977,
Brown 1985, Hurst 1990, 1993, Hurst et al. 1993). Both source and distribution of
olfactory cues are of importance in this respect (Bishop & Chevins 1987, Hurst et al. 1993).
Furthermore, evidence exists that, through olfactory cues, kin recognition can affect social
interactions and, more specifically, aggression between male mice (Kareem & Barnard
1982, 1986, Kareem 1983).

The controversy
To inhibit aggression as a consequence of cage cleaning, several procedures have been
practised, all of which are based on the assumption that olfactory cues are of major
importance. The most widely used methods are the transfer of a handful of dirty sawdust
to the clean cage, and the partial or complete replacement of sawdust in the dirty cage.
These, or similar, methods of cage cleaning are recommended by O’Donoghue (1993).
However, controversy exists, as to whether transfer of these olfactory cues induces a
decrease or increase in aggression. Even within the same institute, experiences differ.
McGregor et al. (1991) observed aggression to be lower when cages were partially cleaned;
whereas - although at a later stage - Gray & Hurst (1995) showed that complete removal of
all olfactory cues induced the least aggression, while partial cleaning of the cage elicited
most aggression. Evidence in favour of the transfer of olfactory cues through sawdust is
mainly based on the personal experiences of animal caretakers and researchers. Although
these experiences are extremely valuable, the evidence is incomplete and has not been
tested experimentally. For example, there are no suggestions as to how or how much
sawdust should be transferred, or whether it should contain urine and faeces. The Rodent
Refinement Working Party (1998) states that this is clearly an area where more research is
needed.

In an attempt to clarify the controversies that exist with respect to cage cleaning and
aggression, and possibly to modify existing recommendations on cage cleaning, we studied
the effect of different cage cleaning regimes on aggression between male mice by transfer
of olfactory cues from various origins. In addition, we studied the effect of different
distributions of urine marks on aggression. To investigate any effects of kin recognition on
aggression, the study included groups consisting of full siblings as well as groups consisting
of male mice mixed at weaning.
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Methods
The protocol for this experiment was peer-reviewed for scientific and ethical value, and
approved by the Animal Experiments Committee of Utrecht University. Decapitation is a
legal method of euthanasia for small rodents in The Netherlands, and its use in this study
was considered to be methodologically justified (see, Physiology).

Animals and husbandry
Thirty-six male mice (Mus musculus) of the BALB/cAnNCrlBR strain were used. The mice
were housed in groups of three in 375cm2 wire-topped Macrolon type II cages
(Tecniplast, Milan, Italy) provided with 50g of sawdust (Lignocel ¾, Rettenmaier &
Söhne, Ellwangen-Holzmühle, Germany) and three Kleenex tissues (Kimberly-Clark
Corporation, Ede, The Netherlands) as nesting material. Tap water and food pellets
(RMH-B, Hope Farms, Woerden, The Netherlands) were provided ad libitum. The animal
room had a controlled photoperiod (lights on between 07.00h and 19.00h), temperature
(23-24 °C), relative humidity (60 ± 5%), and ventilation (15 air changes h-1). Six groups
consisted of mice that were full siblings, and six groups consisted of mixed weanlings (age
at weaning: 3 weeks). At the start of the experiment, the mice were 4 weeks old. The
animals were individually marked on the tail with a black waterproof marker. The mark
was renewed weekly.

Procedure and data collection I: effect of cage cleaning
Cages were cleaned weekly in one of the following three ways:

 i) Clean: clean cage with clean sawdust and clean nesting material.
 ii) Sawdust: as in i), but an additional 5-10 g sawdust containing both urine and faeces

was transferred from the dirty cage.
 iii) Nest: clean cage with clean sawdust, but nesting material was transferred from the

dirty cage.

In total, each cage was cleaned nine times. Each group was alternately subjected to each of
the three cleaning procedures, in a previously established randomised block procedure. In
this way, each group was subjected to each of the cage cleaning procedures three times in a
period of 9 weeks. Prior to cage cleaning, food and water were weighed and refreshed and
animals were weighed and checked for wounds. Immediately after cage cleaning, the
behaviour of the animals was recorded on videotape (Panasonic AG-6024-E, Matsushita
Electric Industrial Co Ltd, Osaka, Japan) for a period of 1h. Due to restrictions in the
experimental set-up, the number of cages cleaned and videotaped simultaneously was
limited to four. To minimise the influence of time of day on behaviour, order of cage
cleaning and recording was altered weekly according to a previously established
randomisation procedure.
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Procedure and data collection II: effect of distribution of urine marks
At the age of 12 weeks, one of the subordinate animals of each group was removed and
euthanized (for details see, Physiology). The remaining 12 pairs were left undisturbed for 3
weeks (except for routine cleaning once weekly) to enable dominance relationships to be
re-established. At the day of testing, the mice of each pair were placed in Macrolon type
II cages separated from each other by a wire mesh. The floors of the cages were covered
with plasticized filter paper (Benchkote Plus Reel, Whatman Scientific Ltd, Maidstone,
UK). After the animals had roamed freely in the cage for 30min, they were kept separated
in Macrolon type I cages (Techniplast, Milan, Italy) for 5min. The filter papers were
examined with UV lighting and urine drops were marked and counted. The animals of
each pair were then allowed to interact for 10 min in a test arena with a floor covered with
one of the following filter papers:

 i) Both: filter paper containing the urine of both the dominant and the subordinate
animal.

 ii) Dominant: filter paper containing the urine of the dominant animal only.
 iii) Subordinate: filter paper containing the urine of the subordinate animal only.
 iv) Blank: filter paper containing no urine.

Each filter paper was covered with a thin layer of clean sawdust. During these 10min
interactions, the behaviour of the animals was videotaped. The animals were then returned
to their home cage. This procedure was repeated daily for 4 days according to a
randomised block design.

Behavioural analysis
Latency until first agonistic encounter, frequency and duration of agonistic encounters and
the number of escalated encounters (fights) were scored from videotape. Behaviours
interpreted as agonistic included several offensive behaviours such as vigorous sniffing of
head, tail or genitals of the opponent, tail rattling, chasing, biting and fighting, and several
defensive behaviours such as upright and sideways defensive posture, flee and active
defence. The identities of the males involved in an encounter were also noted. A male was
said to initiate an agonistic encounter when it showed the first agonistic behaviour in an
interaction. A male was said to win an encounter when its opponent showed submissive
behaviour terminating the agonistic encounter. Dominant, subdominant and subordinate
status were allocated to animals that initiated and won, respectively, most, intermediate,
and fewest numbers of encounters.

Physiology
At the age of 12 weeks (one subordinate animal group-1) or 16 weeks (two remaining
animals group-1), the animals were euthanized between 10.00h and 11.00h by decapitation.
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This method was chosen to enable blood collection without contamination by anaesthetic
compounds. Trunk blood was collected in ice-cooled 1.5 ml Eppendorf reaction tubes
containing 50iu heparin ml-1 blood. Testes were removed and weighed; the adrenals were
removed, fixed in buffered formaldehyde (4 %) and weighed. Blood was centrifuged (3000
rpm for 25 min at 20 °C) and plasma stored at -20 °C until assayed. Testosterone
concentration was measured using a solid phase 125I radioimmuno-assay (CAC Total
Testosterone TKTT, Diagnostic Products Corporation, Los Angeles, USA). Adrenals were
processed through increasing concentrations of ethanol, cleared in xylene and infiltrated
with liquid paraffin. They were then embedded in paraffin and sliced in 3µm sections.
Sections were stained with Haematoxylin and Eosin (Merck KgaA, Darmstadt, Germany).
For each mouse, the size of the adrenal cortex was quantified using an automatic image
analyser (IBAS 2000, Kontron, Munich, Germany).

Statistical analysis
All behavioural data (with the exception of escalated fights) were transformed
logarithmically in order to better conform to a normal distribution. Behavioural data, as
well as data on body weight, and food and water intake were analysed using a multivariate
analysis of variance for repeated measures with multiple comparisons. The Bonferroni
correction was applied where necessary. Data on escalated fights were analysed using the
non-parametric Friedman test. All physiological data (food and water intake, body and
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Figure 1 Cumulative number of initiated encounters (left) and won encounters (right) per
group for each mouse after cage cleaning (top) and in urine mark experiment (bottom). Groups
1-6 are mixed weanlings; groups 7-12 are full siblings.



organ weights, testosterone levels, and size of adrenal cortex) were correlated to
aggressiveness using the Spearman rank order correlation test. The comparisons between
post-mortem data for dominant and subordinate mice did not include animals that were
euthanized at 12 weeks of age. All the statistical tests were carried out with the aid of SPSS
for MS Windows, Release 6.1 (SPSS Inc, Chicago, USA). The level of individual
aggressiveness was used to identify dominant, subdominant, and subordinate animals
within each group (Figure 1). One group (group 7) showed hardly any aggression in either
the behavioural test. Group 3 did not show any aggression in the ‘effect of urine marks’
test (Figure 1, bottom). As a result, the hierarchies in these groups could not be reliably
established. Consequently, when comparisons were made between dominant,
subdominant, and subordinate mice, these two groups were omitted from the further
analyses.

Results

No statistically significant differences were found between siblings and mixed weanlings
for any of the behavioural or physiological results (Table I). Further analyses were thus
carried out without taking this factor into account.
Table I Data of siblings versus mixed weanlings (mean ± SEM). Behavioural data are
grouped for time and treatment, physiological data are grouped for hierarchy.

Siblings Mixed weanlings
Agonistic behaviour Latency (s) 1657.1 ± 414.2 1718.3 ± 167.3

Frequency (h-1) 3.4 ± 1.3 2.8 ± 0.6
Duration (s h-1) 40.4 ± 15.7 31.7 ± 6.4
Mean duration (s encounter-1) 7.2 ± 1.7 7.1 ± 0.5

Physiology Testes (mg) 189.3 ± 3.0 183.4 ± 8.3
Adrenal cortex (µm) 0.29 ± 0.009 0.31 ± 0.008
Testosterone (ng/ml) 6.8 ± 2.2 8.6 ± 2.8
C a g e  c l e a n i n g  a n d  s c e n t  m a r k s 63

Effects of differential cage cleaning
The effects of differential cage cleaning on latency until first agonistic encounter,
frequency and (mean) duration of agonistic encounters are presented in Figure 2. Latency
until the first agonistic encounter was significantly influenced by type of cage cleaning (P <
0.05; Figure 2, top left). Multiple comparisons indicated that this was mainly due to a
difference between ‘nest’ and ‘sawdust’ (Bonferroni α = 0.017, Psawdust-nest = 0.026). Type
of cage cleaning also had a significant effect on frequency of agonistic encounters in the
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hour following cage cleaning (P < 0.01; Figure 2, bottom left). Multiple comparisons
indicated that this was caused mainly by the smaller number of agonistic encounters when
the nest was transferred to the clean cage (Bonferroni α = 0.017, Pclean-nest = 0.007, Psawdust-

nest = 0.008). The duration of agonistic encounters in the first hour after cage cleaning was
also significantly influenced by the type of cage cleaning (P < 0.01; Figure 2, top right).
Multiple comparisons indicated that this was caused mainly by a difference between ‘nest’
and ‘sawdust’ and -to a lesser extent- by a difference between ‘clean’ and ‘nest’ (Bonferroni
α = 0.017, Psawdust-nest = 0.006, Pclean-nest = 0.032). The mean duration encounter-1 (Figure 2,
bottom right) was similarly influenced by the type of cage cleaning, as was frequency and
duration (P < 0.05), with the difference between ‘nest’ and ‘sawdust’ as the main contrast
effect (Bonferroni α = 0.017, Psawdust-nest = 0.012). Figure 2 also shows that both frequency
and duration of agonistic encounters increased, and latency until first agonistic encounter
decreased with age (P < 0.001). Older mice not only showed more agonistic encounters, the
encounters also lasted longer with increasing age (P < 0.001). All time effects can be
explained by a linear effect. Aggressive behaviour that escalated into fights did not occur
very frequently (Table II). In total 38 fights were observed in 108 hours of observation.
The majority of fights occurred when dirty sawdust had been transferred to the clean cage
(23 out of 38 times).
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Figure 2 Latency time until first agonistic encounter, frequency, duration and mean
duration of agonistic encounters during the first hour after cage cleaning for three different
cleaning procedures and three age categories (mean ± SEM). * indicates statistically significant
difference between cleaning procedures.



Effects of urine marks
Both dominant and subordinate mice mainly urinated in the half of the cage which was
near the divider - and thus nearest to their cage mate (P < 0.001; Table III). The number
and position of urine spots did not differ between dominant and subordinate mice. No
differences were found in frequency or (mean) duration of agonistic encounters, nor in
latency until first agonistic encounter when behaviour of mice was compared with both,
either or none of their urine marks present in the test arena.

Table II Number of groups that showed 0-4 fights during the first hour after cage cleaning for
three different cleaning procedures and three age categories.

Age (weeks)
Fights 4-6 7-9 10-12

Clean Sawdust Nest Clean Sawdust Nest Clean Sawdust Nest
0 11 12 12 10 9 10 9 4 9
1 1 0 0 1 2 2 2 2 2
2 0 0 0 0 0 0 1 4 1
3 0 0 0 1 1 0 0 0 0
4 0 0 0 0 0 0 0 1 0

Table III Mean number (± SEM) of urine spots at the back of the cage (back) or near the
divider (divider) for dominant and subordinate mice.

Dominant Subordinate
Day Back Divider Back Divider
1 18.8 ± 4.1 51.8 ± 6.7 21.2 ± 2.8 38.9 ± 6.3
2 13.8 ± 2.9 48.2 ± 4.9 15.2 ± 3.8 45.0 ± 6.8
3 18.0 ± 3.8 48.5 ± 7.5 20.9 ± 3.1 48.7 ± 6.6
4 18.8 ± 3.6 46.6 ± 5.1 16.9 ± 3.0 43.0 ± 5.2
Number of spots near divider was significantly different from those near the back (P < 0.001)
Table IV Physiological variables (mean ± SEM) of dominant and subordinate mice and their
correlation to aggression

Dominant Subordinate Correlation with aggression

Testes (mg) 187.9 ± 4.0 190.3 ± 3.5 rs = -0.1396, ns

Adrenal cortex (µm) 305.5 ± 10.9 298.1 ± 7.6 rs = 0.0915, ns
Testosterone (ng*ml-1) 12.5 ± 3.3 5.4 ± 2.7
C a g e  c l e a n i n g  a n d  s c e n t  m a r k s 65

[median] [1.14] [1.24]
rs = 0.0519, ns
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Figure 3 Body weight of dominant (n=12), subdominant (n=12) and
subordinate mice (n=12) between 4 and 12 weeks of age. Dominant mice differed
significantly in weight gain from subdominant and subordinate mice. *** P<0.001

Physiology and histology
The animals that were classified as dominant at the end of part I of the experiment,
differed significantly in weight gain from those that were classified as subdominant or
subordinate (P < 0.001; Figure 3): the dominant mice were initially the lightest mice, and
gained weight more rapidly. Testes weight, testosterone levels, and size of the adrenal
cortex did not differ significantly between dominant and subordinate mice, nor were there
significant correlations between these measures and aggression (Table IV). Weight of the
adrenals had to be discarded from the analysis due to a technical failure during weighing.

Discussion

Kinship
Neither behavioural nor physiological data yielded any difference between groups
consisting of full siblings and groups consisting of mice mixed at weaning. Male mice
reach puberty at 5-7 weeks of age, and are not sexually mature until the age of 8-10 weeks
(Baumans 1999). At the age of weaning (i.e. 3 weeks), the mice in this experiment were still
in the pre-adolescent phase and mixed weanlings thus became familiarised with one
another before maturation. Profound effects of familiarity on social interactions and
aggression between mice have been shown repeatedly (Lagerspetz & Sandnabba 1982,
Kareem 1983, Winslow & Miczek 1984, Hurst 1990, 1993). Although kinship has also
been shown to affect social interactions between male mice (Kareem 1983, Kareem &
Barnard 1986), the degree of familiarity in the present experiment may have concealed any
effects of relatedness. Indeed, Kareem & Barnard (1982) found that differences between
non-siblings, half-siblings, and full-siblings disappeared when animals had prior experience
with one another. Another explanation for the lack of differences between siblings and
non-siblings in the present experiment could be that mice of the BALB/c strain are not
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able to discriminate between kin and non-kin. Studies demonstrating the ability of mice to
discriminate between kin and non-kin have all been performed with either outbred or
random bred strains (Hayashi & Kimura 1983, Kareem 1983, Kareem & Barnard 1986).
Recently, some evidence has become available that in inbred strains, such as the BALB/c
strain, the urinary component responsible for kin recognition is similar between families,
making a distinction between kin and non-kin very difficult (Nevison et al. 2000).

Physiology and histology
In this study, several physiological parameters that are known to be influenced by
aggression, hierarchy or social stress were measured and correlated to the level of
aggression. Post-mortem data on testes weight, adrenal cortex size and testosterone level,
however, did not reveal any significant differences between subordinate and dominant
mice, nor did they correlate significantly with aggression. It is worth noting that the mean
testosterone level of dominant mice was higher than the mean testosterone level of
subordinate mice. This is in concordance with Bishop & Chevins (1988) who also found
higher, though not significant, levels of testosterone in dominant mice. Although a
circadian variation in testosterone release has been shown in BALB/c mice, testosterone is
known to be emitted in a pulsatile pattern (Lucas & Eleftheriou 1980). This may account
for the large variation in measurements within the group of mice studied here, thus
obscuring any possible differences between dominant and subordinate mice. Testes weight,
on the other hand, is not susceptible to large experimental variation so any significant
difference between dominant and subordinate mice should have been revealed. Testes
weight in both mice and rats has been reported not to differ between dominant and
subordinate animals (Bishop & Chevins 1988, Dijkstra et al. 1992). Others, however, have
found that testes of dominant mice are heavier compared to those of subordinate mice
(Brain & Benton 1983). Adrenal gland measurements are often used in studies involving
social stress. Once again, results are inconclusive. Some studies reported that dominant
mice have lighter adrenals, whereas others find no differences between dominant and
subordinate mice (Bishop & Chevins 1988, for a review, see Brain & Benton 1983).

During this experiment, body weight was measured. Mice that were classified as dominant
on the basis of their behaviour were initially slightly lighter than the subordinates, but
gained significantly more weight during the course of the experiment. Jeppesen & Hansen
(1985) found similar results. Mainardi et al. (1977) proposed that light-weight individuals
have a slightly better chance of becoming dominant in a social situation, while Bartos &
Brain (1994) provided evidence that, after the social hierarchy stabilises, dominant mice
weigh more than subordinate ones.
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Behaviour after cage cleaning
Agonistic behaviour differed substantially between groups throughout the experiment
(Figure 1). Animals that showed higher levels of agonistic behaviour in the first weeks of
the experiment continued to do so towards the end of the experiment. Several authors
have proposed that aggression and social behaviour are part of behavioural strategies that
may differ between strains and individuals (Bisazza 1982, Benus et al. 1990a, Sluyter et al.
1995). Despite this large variability in agonistic behaviour between groups, a significant
effect of cage cleaning on agonistic behaviour was found. Animals whose cages were
cleaned with transfer of nesting material showed lower levels of agonistic behaviour and
higher latencies to first agonistic encounters than those whose cages were cleaned either
completely or with transfer of sawdust (Figure 2). This effect was particularly clear when
cages cleaned with transfer of sawdust were compared to cages cleaned with transfer of
nesting material. Although escalations in aggression did not occur very often (Figure 3),
most fights took place when dirty sawdust was transferred. This is in accordance with Gray
& Hurst (1995) who found that if increasing amounts of material (whether sawdust, a
marking block, or the cage itself) remained soiled during cleaning, aggression after cage
cleaning was higher. The latter is, however, not in accordance with the profound effects of
transfer of nesting material compared to complete cleaning in the present study.

The origin of olfactory cues
As already mentioned (see, Introduction), olfactory communication between male mice
depends for a large part on urine marks (Ropartz 1977, Brown 1985, Hurst 1990, 1993,
Hurst et al. 1993). Mice, however, have a large number of other, glandular sources of
secretions, such as salivary glands, plantar glands and the preputial gland. The secretions
from these glands are especially important in controlling sexual and aggressive behaviours
(Brown 1985, Rodent Refinement Working Party 1998). Plantar glands are used for
recognition and toleration of individuals or colony members (Brown 1985). Although
some contradictory results have been found, the overall consensus appears to be that the
urine of male mice has aggression-eliciting potencies. (Mugford 1972, Stoddard 1980,
Brown 1985). On the other hand, evidence has been provided for the existence of
aggression-inhibiting pheromones in mice. Jones & Nowell (1975), for example, report
that home cage odours of both group-housed and isolated males contain a factor which
inhibits aggression. A fact of major importance to the present study is that mice will keep
their nest clean of urine and faeces (Blom et al. 1993). Olfactory cues present in the nest
would thus derive from the secretions of the plantar glands and other body glands. If these
glands are used to enable recognition of group members and have no aggression-eliciting
components, as might be the case with urinary marks, this would explain why the transfer
of nesting material has aggression-inhibitory effects in the present study.
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Possible explanations of the controversy
Transfer of sawdust seemed to have aggression-eliciting effects in the present study,
although these results were not significant. The large variety of effects that are reported in
the literature and by animal caretakers might be explained in different ways. First, urine
marks may contain pheromones not only from the preputial glands (potentially aggression-
eliciting pheromones) but also from the coagulating glands (potentially aggression
inhibiting-pheromones; Jones & Nowell 1975, Stoddart 1980). Whether the ultimate effect
of urine marks is aggression inhibiting or eliciting or has no effect would thus depend on
the relative composition of the marks. Second (see, Introduction) the properties that would
make ‘a handful of sawdust’ a useful tool in inhibiting aggression after cage cleaning are
not well documented. This ‘handful’ may consist of sawdust containing urine and/or
faeces of the dominant mouse only, of one or more subordinate animals, or of all animals,
each of which might have different effects on aggression. In other cases, the sawdust
might have been taken from the nesting quarters. Its effect would then be comparable to
the effect of transfer of nesting material in the present study.

The distribution of scent marks might also be of importance. It has frequently been shown
that dominant mice have a markedly different urinary marking pattern than subordinate
mice (Desjardins et al. 1973, Hurst 1990). Dominant mice mark an area with numerous
small streaks and spots, while subordinate mice deposit their urine in a few large pools.
This distribution of the scent marks in ‘a handful of sawdust’ may be mixed up after
transfer, while the distribution of the scent marks in the nesting material would be
relatively undisturbed. In part II of our study, we did not find any evidence to support the
theory that either the odour donor (i.e. dominant or subordinate animal) or the distribution
of urine marks influences aggression. No differences were found in aggression when the
urine marks of dominant, subordinate, both or neither mice were transferred to a clean
cage. This is not in accordance with Hurst (1993) who found that the presence of familiar
subordinate’s urine provoked more aggression of dominant mice, while the presence of its
own urine did not affect aggression compared to a control situation with no urine present.
Close scrutiny of the urine marks on the filter paper in the present study revealed that the
urine marks of subordinate mice were not distributed as would be expected according to
Hurst (1993) and Desjardins et al. (1973). We found that both the dominant and the
subordinate mouse of each pair deposited many small spots and a few larger pools of
urine.
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Conclusions and recommendations

The most important and conclusive finding in this study was that the transfer of nesting
material significantly reduced aggression between male mice after cage cleaning. Overall,
no extreme aggression was observed, and none of the animals suffered physical injuries. In
other words, the animals lived in a rather stable environment and no measures to reduce
aggression would be necessary were this the general case in laboratory animal facilities.
Whether the transfer of nesting material would help to reduce aggression once it has
already reached extreme levels, remains an issue for further research. If, however, transfer
of nesting material was put into practice as part of a routine cleaning procedure, this could
help to keep aggression at an acceptable level - or at least significantly slow down its
development. In turn, this would enable male laboratory mice to live in harmony for
longer periods of time.



Modulat ion ofModulat ion ofModulat ion ofModulat ion of
aggress ion in maleaggress ion in maleaggress ion in maleaggress ion in male
micemicemicemice

Inf luence of group
size and cage s ize



C h a p t e r  572



G r o u p  s i z e  a n d  c a g e  s i z e 73

Modulation of aggression in male
mice
Influence of group size and cage size

PLP Van Loo, JA Mol, JM Koolhaas, LFM
Van Zutphen and V Baumans

Abstract
Aggression in group-housed male mice is
known to be influenced by both cage size
and group size. However, the interdepen-
dency of these two parameters has not
been studied yet. In this study, the level of
aggression in groups of three, five, or eight
male BALB/c mice housed in cages with a
floor size of either 80 or 125 cm2/animal
was estimated weekly after cage cleaning
for a period of 14 weeks. Furthermore,
urine corticosterone levels, food and water
intake, body weight and number of
wounds were measured weekly. At the end
of the experiment, tyrosine hydroxylase
(TH) activity, testosterone levels and
weight of spleen, thymus, testes and
seminal vesicles were determined. Results
indicate a moderate increase of intermale
aggression in larger cages when compared
to the smaller cages. Aggression in groups
of eight animals was considerably higher
than in groups of three animals. The
increase of agonistic behaviour was
observed both in dominant and sub-
ordinate animals. Physiological parameters
indicate differences in stress levels between
dominant and subordinate animals. It is
concluded that aggressive behaviour in
group-housed male BALB/c mice is best
prevented by housing the animals in small
groups of three animals, while decreasing
floor size per animal may be used as a
temporary solution to decrease high levels
of aggression in an existing social group.

P h y s i o l o g y  &  B e h a v i o r
( 2 0 0 1 )  7 2 ,  6 7 5 - 6 8 3
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Introduction

When male laboratory mice are housed in groups, they will show aggressive behaviour
towards each other in order to develop and maintain a social hierarchy. The level of
aggression depends on strain and age of the mice, and environmental factors such as
cleaning procedures (Van Loo et al. 2000), group size and cage size. Earlier studies mostly
agree that aggression increases with increasing group size and decreasing floor area per
animal (Poole & Morgan 1973, 1976, Butler 1980, Vestall & Schnell 1986, Barnard et al.
1994), although some studies report no effect of cage size on aggression (Greenberg 1972,
McGregor & Ayling 1990), or even a reverse effect (Welch & Welch 1966). The two
factors (group size and cage size), however, have usually not been investigated
independently, and in most studies cage sizes were overall 5-50 times the size of a standard
laboratory cage. Furthermore, aggressive behaviour was studied for only a brief period of
time (1-8 days) when the male mice had already reached adulthood. Studies in which the
development of aggression in weanling groups is monitored are rare (Van Loo et al. 2000).

Husbandry procedures such as cage and group size have a major impact on the well-being
of laboratory animals, and the research they are used for, as psychologically and
physiologically healthy animals is a precondition for reliable experimental results (Van
Zutphen et al. 2001). New insights in social behaviour of laboratory animals have made
clear that a revision of existing guidelines on cage and group size is desirable (Kornerup-
Hansen 1999). Both in the Resolution on Accommodation and Care of Laboratory
Animals (Kornerup-Hansen 1999, Council of Europe 1997) and in the Report of the
Rodent Refinement Working Party (1998) cage size is mentioned as one of the main areas
that needs to be studied in more detail. At present, recommended cage sizes for mice are
solely based on weight of the animals (10-40 g) and the number of animals per cage (1-30).
Age, gender, or social behaviour of the mice is not taken into account. Recommendations
on population density or group composition are not included.

To investigate the differential effect of group size and cage floor size on the level of
aggression in male laboratory mice, an experiment was designed in which both behavioural
and physiological effects were studied in male mice housed in groups of three different
sizes and at two different population densities. Results may aid in formulating
recommendations that can be included in revised guidelines with regard to cage and group
size of male mice.
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Methods

Animals and husbandry
Ninety-six male mice (Mus musculus) of the BALB/cAnNCrlBR strain were used. Mice of
the BALB/c strain may show substantial intermale aggression, although severe aggression
leading to death if mice are not separated is rare. The BALB/c strain is therefore a good
model for the study of intermale aggression in existing social groups. The mice were
randomly divided in groups of three (n=6), five (n=6), or eight mice (n=6) and housed in
wire topped clear perspex cages provided with 15 g/100 cm2 sawdust (Lignocel ¾,
Rettenmaier & Söhne, Ellwangen-Holzmühle, Germany). Cages were cleaned weekly. Tap
water and food pellets (RMH-B, Hope Farms, Woerden, The Netherlands) were
provided ad libitum. The animal room had a controlled photoperiod (lights on between
07.00h and 19.00h), temperature (23-24°C), relative humidity (60 ± 5%), and ventilation
(15 air changes h-1). At the start of the experiment, the mice were 7 weeks old. The animals
were individually marked on the fur with a black waterproof marker. The mark was
renewed weekly.

Procedure and behavioural data collection
At the age of 7 weeks, mice were housed either at 80 (three groups of each group size) or
125 cm2/mouse (three groups of each group size). During 14 weeks thereafter, cage size
was alternated weekly after cage cleaning. Cages used were Makrolon type II (375 cm2),
type III (825 cm2) and type 2154 F (945 cm2; Tecniplast, Milan, Italy). To adjust cage size,
all cages were provided with a flexible perspex wall. In addition, Makrolon type 2154 cages
were provided with a perspex floor insert to adjust cage height. Prior to cage cleaning,
food and water were weighed and refreshed; animals were weighed; and wounds on tail,
back, and genitals were counted. Immediately after transferring the mice to their new
environment, their behaviour was recorded on videotape for a period of 30 min. Due to
restrictions in the experimental set-up, the number of cages cleaned and videotaped
simultaneously was limited to four. To minimise influence of time of day on behaviour,
order of cages cleaned and recorded was altered weekly according to a previously
established randomisation procedure.

Behavioural analysis
Latency until first agonistic encounter, frequency and duration of agonistic encounters
were scored from videotape. Behaviours interpreted as agonistic were several offensive
behaviours such as vigorous sniffing of head, tail or genitals of the opponent, tail rattling,
chasing, biting and fighting (wrestling while biting, mainly in the flanks), and several
defensive behaviours such as adopting upright and sideways defensive posture, flee and
active defence. Encounters that included biting were marked separately (escalations), as



C h a p t e r  576

well as encounters that included fighting (fights). The identities of the males involved in an
encounter were noted. A male was said to initiate an agonistic encounter when it showed
the first agonistic behaviour. A male was said to win an encounter when its opponent
showed submissive behaviour terminating the agonistic encounter. Dominant status was
allocated to one animal in each group that initiated and won the highest number of
encounters. Subordinate status was allocated to two animals in each group that were
attacked most (sub+) or least (sub-).

Urine collection and corticosterone analysis
Every week, urine samples were collected for corticosterone and creatinine analysis.
Between 09.00 and 10.00h mice were placed individually in plastic buckets (1.1 l; Emergo,
Landsmeer, The Netherlands) provided with a plastic salad dish (250 cc, depa ) and a wire
top until the mice urinated, but no longer than 50 minutes. Urine was then collected with a
syringe and stored in polypropylene tubes at –20 °C (method described by Dahlborn et al.
1996). Urine of six groups was collected simultaneously at 2, 3 or 4 days after cage
cleaning, according to a randomised block procedure. Corticosterone levels were measured
using a solid-phase 125I radioimmunoassay (CAC Rat Corticosterone TKRC1, Diagnostic
Products Corporation, LA). Creatinine concentrations were determined with the use of a
commercial test combination (Creatinine, MA-KIT 10 ROCHE, Roche Diagnostics) on a
COBAS-BIO auto-analyser (Hoffmann-La Roche BV, Mijdrecht, The Netherlands).

Organ weights, testosterone levels and tyrosine hydroxylase (TH) activity
At the age of 20 weeks, three animals of each group (dominant, sub+ and sub-) were
euthanized simultaneously by three animal technicians between 09.00h and 12.00h by
decapitation to enable blood collection without contamination of anaesthetic compounds.
Trunk blood was collected in ice-cooled 1.5 ml reaction vessels containing 50 iu
heparin/ml blood. Blood was centrifuged (3000 rpm, 25 min at 20 °C) and serum stored at
-20 °C until assayed. Testes, spleen, thymus and seminal vesicles were dissected and
weighed (testes and seminal vesicles in pairs). Adrenals were dissected, individually shock-
frozen in 5 mM Tris-HCl-buffer (pH 7.2) and stored at –70 °C. Serum testosterone
concentration was measured using a solid phase 125I radioimmunoassay (CAC Total
Testosterone TKTT, Diagnostic Products Corporation, LA). TH activity was measured in
adrenals using a tyrosine-14C-assay (method described by Witte & Matthaei 1980).

Statistical analysis
Behavioural data, as well as body weight, food- and water intake, organ weights, TH
activity, and serum testosterone levels were analysed using a multivariate analysis of
variance for repeated measures with multiple comparisons. Where necessary, data were
logarithmically transformed to better fit the normal distribution or to improve



G r o u p  s i z e  a n d  c a g e  s i z e 77

Table I Total amount of fights observed in 14 weeks during 30 minutes after weekly
cage cleaning, specified for groups of 3, 5 and 8 mice and for large and small cages.

Cage size
Group size large1) small2)

3
5
8

32
49
60

37
48
76

1)floor size 125 cm2/animal
2)floor size 80 cm2/animal

homogeneity of variances. For nonparametric behavioural data (fights), the Friedman test
was applied. Furthermore, Pearson’s correlation (r) was calculated between the total
amount of aggression in a group (corrected for group size by dividing by n-1) and several
physiological parameters (organ weight, TH activity and testosterone level). Number of
wounds was analysed using analysis of variance with negative binomial error. Urine
corticosterone data were logarithmically transformed and analysed using a mixed effects
analysis of variance with mouse identity as random effect. For all tests Bonferroni
correction was applied where necessary. When status of the animal was taken into account,
only data of three animals in each group (dominant, sub+ and sub-) were used for
analyses. Number of wounds and corticosterone analyses were carried out with aid of S-
plus 2000, Professional Release 2  (1988-1999, MathSoft, Inc.). All other statistical tests
were carried out with aid of SPSS for MS Windows, Release 9.0 (Chicago Illinois, LA).

Results

Behaviour
All behavioural scores revealed significant age effects. Frequency (fr) and duration (du) of
aggression, escalations (es) and duration of escalations (de) all increased with increasing age
of the mice (Ffr(6,10) = 13.787; Fdu(6,10) = 7.231; Fes(5,11) = 6.682; Fde(5,11) = 9.865; Pall

< 0.01), while latency to first agonistic encounter decreased with age (F(6,10) = 7.996; P <
0.01). Frequency, duration and escalations are presented in Figure 1. Furthermore, group
size and cage size effects were present in frequency and duration of agonistic encounters
(Figure 1). Both increased with increasing group size (Ffr(2,15) = 24.674; P < 0.001;
Fdu(2,15) = 3.880; P < 0.05). Multiple comparisons reveal that differences in frequency
were mainly due to differences between groups of eight mice and groups of three or five
mice (Bonferroni P < 0.001). Differences in duration were most obvious between groups
of three and eight mice (Bonferroni P = 0.055). Furthermore, duration of agonistic
encounters was significantly higher in larger cages (F(1,15) = 4.669; P < 0.05), and
frequencies revealed a significant cage size x group size interaction (F(2,15) = 6.106; P <
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0.05). In groups of five mice, frequency of agonistic encounters was higher in larger cages,
while in groups of three and eight mice, there were no differences between large and small
cages. Fights between mice were quite rare and increased slightly with age. No differences
in fights between groups or cages of different sizes could be revealed statistically (Table I).
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Figure 1 Frequency of agonistic encounters (top), duration of agonistic encounters
(middle) and number of escalated encounters (bottom) during 30 minutes after cage
cleaning of male mice, specified for 4 age categories, large or small cages (125 and 80 cm2

resp.) and group sizes of 3, 5 or 8 mice. A: age effect; C: cage size effect; G: group size
effect. *P < 0.05; **P < 0.01; ***P < 0.001
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To investigate the differences in agonistic behaviour between groups of three, five and
eight mice more closely, behavioural data were scrutinised in some detail. The following
comparisons were made:

 i) The highest numbers of agonistic encounters that one animal (sub+) in each group
was subjected to in any given week.

 ii) The highest number of agonistic encounters that one animal (dominant) in each
group initiated in any given week.

 iii) The mean number of encounters initiated by the subordinate animals in any given
week, i.e. total of two subordinates divided by 2 (groups of three), total of four
subordinates divided by 4 (groups of five), or total of seven subordinates divided by 7
(groups of eight).

For Comparison i), no significant group size effects were found. For Comparisons ii) and
iii), a significant group size effect was apparent (Figure 2; Fii)(2,15) = 3.788; Fiii)(2,15) =
3.814; Both: P  < 0.05). Contrast results show that agonistic encounters between non-
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Figure 2 Number of aggressive encounters per 30 minutes initiated by dominant
mice (mean ± SEM; top) and subordinate mice (mean ± SEM; bottom) for 7 age
categories and 3 group sizes.
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dominant animals occurred more often in groups of eight than in groups of three mice
(Bonferroni P < 0.05). Furthermore, the dominant animal showed more agonistic
behaviour in groups of eight than in groups of three mice (Bonferroni P = 0.055). For
both comparisons the frequencies in groups of five mice were intermediate and did not
differ significantly from either groups of three or groups of eight mice.

Wounds
The majority of wounds (94%) were found on the base of the tale and the back of the
mice. Incidentally wounds were found on genitals, paws, or ears. To include the status of
the mice in the test, only wounds of the dominant, the most attacked subordinate, and the
least attacked subordinate were taken into account. Other wound data were excluded from
analysis.  Statistical analysis revealed a clear effect of age, group size, cage size, and status
(Figure 3). The number of wounds increased between the age of 7 and 10 weeks; after
which, it stabilised (P < 0.001).  In groups of five and eight mice, the mice are significantly
more wounded than in groups of three mice (Bonferroni P3-8< 0.05; Bonferroni P3-5<
0.001). Furthermore, the number of wounds counted was higher in the larger cages (P <
0.01) and most attacked subordinates had significantly more wounds than dominant mice
(Bonferroni P < 0.01) while least attacked subordinates were intermediate.
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Body weight, food- and water intake
Body weight of the mice ranged from 13.58 ± 0.11 g at the start to 26.23 ± 0.17 g at the
end of the experiment. No differences were found in body weight between animals of
different group or cage sizes or between dominant and subordinate (sub+ or sub-) animals
within groups. Food and water data are summarised in Table II. The mice ate and drank
significantly more with age (Ffood(5,11) = 40.787; P < 0.001; Fwater(5,11) = 3.809; P < 0.05).
Furthermore, the mice ate and drank more when housed in the larger cages (Ffood(1,15) =
14.093; P < 0.01; Fwater(1,15) = 9.382; P < 0.01). Group size affected eating overall slightly
(F(2,15) = 3.247; P < 0.1), and there was an obvious group size x age interaction effect: in
groups of eight mice the increase of food intake with time was more pronounced than in
groups of three mice, while groups of five mice were intermediate (F(10,24) = 3.324; P <
0.01). Water intake was not affected by group size.

Organ weights, hormone levels, and TH activity
All organ weights were corrected for final body weight; weights of seminal vesicles and
thymuses were corrected for animal technician, as an unwanted effect of animal technician
(probably due to differences in removal of fat tissue) was present. Results of organ
weights, TH activity, and testosterone levels, and their correlation with aggression are
summarised in Table III. Group size did not affect any of the physiological parameters
measured, while hierarchy affected several parameters. Animals that were least attacked
had slightly heavier spleens than dominant animals, although not significant (P < 0.1).
Status had a significant effect on TH activity (F(2,16) = 4.655; P < 0.05). TH activity was

Table II Food and water consumption per mouse per week specified for 2 age categories,
large or small cages and group sizes of 3, 5 or 8 mice.

Food intake (g; mean ± SEM) Water intake (ml; mean ± SEM)
Age
(weeks)

Group
size:

Cage
size: Large1) Small2) Large Small

8-13
3
5
8

21.1 ± 0.4
21.8 ± 0.2
22.3 ± 0.3

21.0 ± 0.4
21.0 ± 0.3
21.7 ± 0.3

23.0 ± 1.1
22.2 ± 0.3
22.7 ± 0.6

22.7 ± 0.7
21.4 ± 0.4
22.3 ± 0.5

14-19
3
5
8

21.9 ± 0.3
23.6 ± 0.4
25.3 ± 0.4

21.8 ± 0.4
22.7 ± 0.3
24.2 ± 0.5

23.5 ± 1.0
23.3 ± 0.8
24.1 ± 0.7

22.1 ± 0.7
21.9 ± 0.6
23.5 ± 0.6

Significance A***; C**; G(*); AxG** A***; C**

A: age effect; C: cage size effect; G: group size effect 1)floor size 125 cm2/animal
(*)P < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001 2)floor size 80 cm2/animal
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lower in animals that were least attacked compared to TH activity in dominant animals
(Bonferroni P <0.05) and animals that were attacked most (Bonferroni P < 0.05). Urine
corticosterone levels corrected for creatinine levels (Co/Cr ratio) showed a significant
quadratic time effect. Initially, the mean (± SEM) Co/Cr ratio of 9.49 ± 0.60 nmol/mmol
at age 8-9 weeks decreased to 8.80 ± 0.89 at age 12-13 weeks where after it started to rise
again to 11.59 ± 0.57 when the animals were 18-19 weeks old (P < 0.001). Level of
aggression was found to correlate with TH activity of most attacked mice (r = 0.419; P <
0.1), testosterone levels of most attacked mice (r = -0.451; P < 0.1) and least attacked mice
(r = -0.472; P < 0.05), spleen weight of attacked mice (r = 0.630; P < 0.01) and testes
weight of dominant mice (r = -0.649; P < 0.01). Any other correlation with aggression was
not significant (Table III).

Discussion

Age effects
Both behavioural and physiological variables tested during the course of the experiment
showed significant age effects. Not surprisingly, aggression increased when the mice grew
older; the mice ate and drank increasingly more with age and weighed increasingly more.
For the variables mentioned above the main age effect was linear. For body weight, there
was and additional quadratic effect, i.e. the increase in body weight decreased with age.
The best model to fit the age effect for corticosterone levels was a quadratic effect.
Initially, corticosterone levels decreased, reached a bottom when the mice were around 11-
12 weeks of age and thereafter started to rise again. An obvious explanation would be that
after grouping, corticosterone levels were increased due to social stress of encountering
unfamiliar cage mates. Thereafter, corticosterone levels began to drop as the hierarchy
within the groups became stabilised. Indeed, Bronson (1973) reported an increase in
corticosterone after grouping, followed by a decline, as groups became stable. The
secondary increase in corticosterone paralleled the observed increase of aggression that we
observed. Goldsmith et al. (1978) also reported an increase in corticosterone due to an
increase in fighting.

Cage size effects
The effects of cage size on agonistic behaviour, occurrence of wounds and physiological
data were found to be small, but consistent. The duration of agonistic encounters was
significantly higher in larger cages (Figure 1). Furthermore, the number of agonistic
encounters in groups of five was significantly higher in larger cages compared to smaller
cages. Accordingly, the number of wounds was higher in larger cages compared to smaller
cages (Figure 3). In general, the decreased levels of aggression and number of wounds in
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Table III Organ weight, corrected for body weight, TH activity and serum testosterone levels
specified for group sizes of 3, 5 or 8 mice and status of dominant, most attacked subordinate or
least attacked subordinate, and their correlation with aggression (mean ± SEM).

smaller cages might be explained by a ‘crowding’ effect. Several studies have reported that
crowding causes a decrease in aggression (Welch & Welch 1966, Ewbank & Bryant 1972,
Hughes & Wood-Gush 1977, Cunningham 1988). However, in other studies no effect of
population density on aggression (Greenberg 1972) or indeed an increase of aggression as a
result of decrease in space allowance has been reported (Archer 1970, Poole & Morgan
1976, Vestall & Schnell 1986). This apparent discrepancy may be explained by a curvilinear
relationship between crowding and agonistic behaviour (Polley et al. 1974, Hughes &
Wood-Gush 1977). It can be argued that in first instance aggression will increase with
increasing population density, as invasions of the dominant’s territory occur more often.

Status

Parameter
group
size Dominant Sub+ Sub-

Correlation with
aggression

Thymus (mg/g
body weight)

3
5
8

1.35 ± 0.14
1.14 ± 0.10
1.22 ± 0.11

1.32 ± 0.09
1.36 ± 0.08
1.20 ± 0.08

1.40 ± 0.15
1.59 ± 0.14
1.34 ± 0.11

n.s.

Seminal vesiclesa)

(mg/g body
weight)

3
5
8

7.95 ± 0.69
7.80 ± 0.54
7.23 ± 0.55

7.97 ± 0.51
6.86 ± 0.35
7.48 ± 0.62

7.57 ± 0.38
6.64 ± 0.68
7.38 ± 0.67

n.s

Spleen (mg/g body
weight)

3
5
8

4.66 ± 0.49†

4.28 ± 0.59†

4.18 ± 0.36†

5.60 ± 0.81
4.42 ± 0.49
5.12 ± 0.49

5.00 ± 0.67‡

5.38 ± 0.33‡

4.95 ± 0.52‡

rsub+ = 0.630**

Testesa) (mg/g
body weight)

3
5
8

6.85 ± 0.30
6.98 ± 0.27
7.14 ± 0.13

7.53 ± 0.21
6.91 ± 0.20
6.95 ± 0.28

7.22 ± 0.23
7.28 ± 0.07
6.70 ± 0.43

rdom = -0.649**

TH activity (nmol
* h-1 * adrenal pair)

3
5
8

5.25 ± 0.47§

7.74 ± 1.81§

6.26 ± 0.66§

5.99 ± 0.46§

4.81 ± 0.68§

6.01 ± 0.60§

4.30 ± 0.26#

3.74 ± 0.40#

5.31 ± 1.00#

rsub+ = 0.419(*)

Testosterone
(ng/ml) [median]

3

5

8

13.22  ± 4.97
[11.41]
2.46 ± 0.91
[1.77]
12.42 ± 6.16
[5.57]

7.72 ± 5.17
[0.55]
5.07 ± 3.81
[0.55]
4.48 ± 3.59
[0.66]

15.73 ± 6.84
[13.65]
6.85 ± 5.24
[1.78]
6.68 ± 4.35
[1.80]

rsub+ = -0.451(*)

rsub- = -0.472*

a) weighed in pairs
†-‡, (*)P < 0.1
§-#, *P < 0.05
**P < 0.01
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When density is extremely high, however, the available space may be too small for the
dominant mouse to form a defendable territory, leading to a decrease in aggression
(Mackintosh 1970). Indeed, in the studies reporting an increase of aggression with
decreasing space (Poole & Morgan 1976, Vestall & Schnell 1986), mice were not housed in
standard laboratory cages, but were observed in areas between 360 cm2 and 1.5 m2 per
mouse (3-200 times the sizes used in this study).

Although there was no difference in weight gain, the mice ate and drank more when
housed in larger cages. This is in accordance with Chvédoff et al. (1980) who found a
decrease in both food and water consumption in groups of higher density, while body
weight did not differ. Peters & Festing (1990) did not find any effect of crowding on body
weight or adrenal weight in mice and concluded that mice are relatively insensitive to
crowding. However, floor size was ranged from 27 to 55 cm2/mouse, and crowding was
induced by increasing the number of animals, rather than decreasing floor size. It may be
argued that in the study by Peters & Festing (1990), all mice were observed while being
accommodated in a crowded situation. Urine corticosterone levels were not influenced by
cage size. In several studies higher corticosterone levels are reported as a result of
crowding. In each of these studies, however, group size increased while space allowance
decreased (Gärtner & Benath 1971, Hull et al. 1976, Barnard et al. 1994).

Group size effects
In this study, the effects of group size on aggression were the most pronounced.
Aggression increased substantially with increasing group size. These results are in
accordance with Butler (1980) who found that doubling of the population number of
laboratory-reared wild house mice while holding stocking density constant lead to an
increase of aggression in mice. Close scrutiny of the data in the present study revealed that
a higher level of aggression of both the dominant mouse and the subordinate mice in
groups of eight mice caused the higher level of aggression. Furthermore, the number of
wounds was higher in groups of five and eight mice than in groups of three mice (Figure
3). These results suggest that larger groups are more restless than smaller groups. The
dominant male showed more agonistic behaviour probably to sustain its dominant status,
while subordinate animals showed more agonistic behaviour possibly to gain a higher
status within the hierarchy. Indeed, Poole & Morgan (1973) found that large groups of
mice had a more unstable hierarchy than smaller ones and dominance status changed
between animals more often. Cunningham (1988), who studied hens in a similar set-up to
the present study, also found that in larger flocks, both the dominant and the subordinate
hens showed more aggression than in smaller flocks.

No effects of body or organ weights, urine corticosterone levels, testosterone levels, or TH
activity were found with respect to group size. A significant positive correlation in mice
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between corticosterone levels (in adrenals and serum respectively) and group size was
found by Gärtner & Benath (1971) and Barnard et al. (1994). In both studies, however,
floor size per mouse fluctuated for different group sizes, thus possible cage size x group
size interaction effects can not be ruled out. Animals in larger groups tended to eat more
than those in smaller groups, especially when the mice grew older. Animals of a social
species do not only eat to become satiated, but also to fulfil the need of social contact.
This phenomenon is known as social facilitation (Gärtner 1968a, b). As the chances of one
animal being triggered to eat by another animal that is eating in a group of eight mice is
higher than in a group of three or five mice, mice in groups of eight mice may eat more
often and for longer bouts.

Social status effects
For several physiological parameters, effect of social status (dominant, attacked
subordinate, less-attacked subordinate) was measured. In concordance with the number of
attacks scored, mice that were most attacked had most wounds, while dominant mice had
least wounds and least attacked mice were intermediate. No age x status interaction effects
were found, indicating that in general, hierarchy was stable in time. Indeed, only in one
group of eight mice, dominant status was observed to shift between two mice. In none of
the other groups such clear shift was noted. Body weight was not affected by social status.
This seems to be in contrast to previous results (Van Loo et al. 2000), where we found that
dominant animals were initially the lighter animals, while heaviest toward the end of the
experiment. However, the mice in the latter study were several weeks younger at the start
of the experiment, and by the time the dominant mice reached the age of 7 weeks (initial
age of the mice in this experiment), they had already caught up on weight with their cage
mates. Indeed, Jeppesen & Hansen (1985) found a significant correlation between weight
gain and rank in subadult mice (3 weeks), but not adult mice (13-16 weeks).

TH is an enzyme that mediates the transition from tyrosine to dopamine, a precursor for
noradrenaline. It provides an estimate of relatively long-term activity of the adrenal gland
(Manser 1992). We found that TH activity was high in dominant and most attacked
subordinate animals and low in least attacked subordinate animals. This is in accordance
with Haemisch & Gärtner (1996) who found that dominant and active subdominant
animals had higher TH activities, while TH activity of passive subdominant animals was
lowest. Indeed, both maintaining dominance (α-males) or being defeated (ω-males) is
stressful, while accepting a subordinate status without ever challenging the α-male may be
less stressful (β-males; Busser et al. 1974). TH activity of attacked mice, but not dominant
mice seemed to correlate positively with aggression. For subordinate animals that are
attacked often, the amount of aggression may indeed influence the level of stress they
experience. Dominant animals on the other hand, have more control over the situation,
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regardless of whether they are more or less overtly aggressive. Levels of stress of dominant
mice may thus fluctuate less with levels of aggression. Indeed, Maengwyn-Davies et al.
(1973) found an increase in TH activity in mice that were exposed to aggressive mice.

Testosterone values of dominant mice were highest and those of attacked animals were
lowest, although differences were not significant. Testosterone is known to be emitted in a
pulsatile pattern (Lucas & Eleftheriou 1980). This may account for the large variation in
measurements within the group of mice studied here, thus obscuring any possible
differences between dominant and subordinate mice. It is noteworthy, however, that the
results are in accordance with previous findings (Van Loo et al. 2000), with Bishop &
Chevins (1988), and with Barnard et al. (1994) who also found higher, though not
significant, testosterone values in dominant mice. Furthermore, we found a negative
correlation between testosterone values of both attacked and non-attacked subordinate
mice and aggression. Indeed testosterone levels in rats have been shown to be suppressed
by defeat and subordination (Blanchard et al. 1993, 1995). Parmigiani et al. (1989) showed
that suppression of testosterone also occurs in subordinate mice that are not subjected to
attacks.

Spleens of least attacked subordinates were slightly heavier than those of dominant
animals, although not significant, and spleen weight of attacked subordinates was positively
correlated with aggression. Blanchard et al. (1993, 1995) reported that continuous social
stress increased spleen weight. The fact that testes of dominant mice were negatively
correlated with aggression may be somewhat surprising. It may however be hypothesised
that the dominant mice with most ‘natural authority’ (macho) have heavier testes and need
to be less overtly aggressive to maintain dominance than those animals (with lighter testes)
that repeatedly have to reinforce their dominant status.

Conclusions and recommendations

When housing male mice as laboratory animals the level of aggression can be influenced
substantially by group size and, to a lesser extent, by cage size. A high level of aggression
can be decreased by decreasing cage size. However, decreasing cage size as low as 80
cm2/mouse may cause stress due to crowding. In this study, two cage sizes were
compared. More cage sizes need to be tested to form a theory about the optimum cage size
with respect to aggression and stress.

To prevent unacceptable levels of aggression, or at least to slow down its development, it
is advisable to keep male laboratory mice in small social groups (three animals per cage).
The animals have less chance to be wounded severely in such small groups, and the
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chances to encounter stressful situations due to aggression are reduced. The present results
are obtained with animals of the BALB/c inbred strain. Before generalising these
recommendations, more strains must be tested in a similar way.
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Influence of cage enrichment on
aggressive behaviour and physio-
logical parameters in male mice

PLP Van Loo, CLJJ Kruitwagen, JM
Koolhaas, HA Van de Weerd, LFM Van
Zutphen and V Baumans

Abstract
From welfare perspective group housing of
mice is preferred to individual housing.
Group housing of male laboratory mice,
however, often leads to problems due to
excessive aggressive behaviour. In our
search for management and housing
modifications to decrease aggression in
group-housed male laboratory mice, we
have tested the effect of two types of
environmental enrichment - nesting
material and shelter - on aggressive
behaviour after cage cleaning and after a
1h isolation period. Severity of wounds,
urinary corticosterone levels, body weight,
food and water intake and several post
mortem parameters were also monitored.
The results indicated that type of
enrichment strongly affected both
aggressive behaviour and physiological
parameters. Overall, nesting material
reduced aggressive behaviour, while a
shelter increased aggressive behaviour
compared to control housing. This effect
was also reflected in the number of
wounds counted. Furthermore, during
shelter housing mice gained less body
weight, drank less and showed higher
corticosterone levels, while in housing
conditions with nesting material, mice ate
less. We conclude that providing male
mice with nesting material reduces
aggression between male mice, and may
thus be promoted as being beneficial to
their physical health and psychological
well-being.

A p p l i e d  A n i m a l  B e h a v i o u r
S c i e n c e ,  a c c e p t e d



C h a p t e r  692

Introduction

The use of environmental enrichment to improve the well-being of laboratory animals is
promoted widely and is incorporated in European legislation (Council of Europe 1997,
Rodent Refinement Working Party 1998, Kornerup-Hansen 1999). The general aim of its
use is to enhance species specific behaviour, promote physical health as far as possible and
to decrease abnormal behaviour while keeping a focus on scientific, economic and
ergonomic demands (Newberry 1995, Dean 1999, Baumans 2000). A wide range of
experiments concerning laboratory, farm and zoo animals has proven these benefits of
environmental enrichment (Prior & Sachser 1994/95, Van de Weerd 1996, Würbel et al.
1998). There are, however, still objections against using environmental enrichment for
laboratory animals.

Firstly, there is concern that the use of environmental enrichment of any kind may be a
threat to the existing standardised control conditions as enriched housing conditions may
influence both the absolute outcome and the variability of experimental results. Changes in
the absolute outcome of results may invalidate historical data (Dean 1999) and changes in
variability in results may in some cases lead to an increase in the number of animals needed
for research. In light of the general goal towards Replacement, Reduction and Refinement
with regard to the use of laboratory animals, the R of refinement would then counteract
the R of reduction (Russell & Burch 1959). Interest and research in this area is growing
(Eskola et al. 1999, Van de Weerd et al. 2001). Secondly, controversy exists as to whether
environmental enrichment induces an increase or decrease in aggressive behaviour
between laboratory animals that are group housed. When male mice are housed socially
under laboratory conditions, a certain level of aggression between male mice seems
inevitable, as the situation is far from natural. In general these males will form -mainly
despotic- dominance relationships (Poole & Morgan 1973, Mondragón et al. 1987). In
many cases, depending on strain and age, the hierarchy in these groups is stable, while in
other cases, aggression may reach levels at which individuals are wounded badly (Van
Oortmerssen 1971, Bisazza 1981, Brain & Parmigiani 1990). Several authors have
indicated that environmental enrichment leads to an increase in aggression when male
laboratory mice are housed together, and conclude that the enrichment may actually reduce
their well-being in this respect (McGregor & Ayling 1990, Haemisch & Gärtner 1994,
Haemisch et al. 1994). Others have found that cage enrichment or environmental
complexity does not alter, or decreases the amount of aggression between male mice
(Vestal & Schnell 1986, Chamove 1989a, Ward et al. 1991, Armstrong et al. 1998, Ambrose
& Morton 2000). In the field of farm animal welfare too, environmental enrichment has
been used to reduce aggression in laying hens and growing pigs (Gvaryahu et al. 1994,
O’Connell & Beattie 1999). The existing controversy in the literature covering the effect of
enrichment on aggression in male mice may be a result of the variety in experimental set-
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ups. In the studies mentioned, male mice were housed in group-sizes varying from 2 to 10.
In some cases the mice were acquainted, while in others they were not, and age of
grouping or testing differed from weaning (3 weeks) to 18 weeks. Furthermore, measures
of aggression differed between studies, or were mere ‘casual’ observations, rather than
quantified data. Finally, the characteristics of the environmental enrichments tested
differed between studies from vertical or horizontal inserts and complex burrow systems
to additions such as water bottles, flower pots and nesting material.

The search for solutions to modulate aggression between group-housed male mice, other
than separating them is encouraged (Council of Europe 1997). In previous experiments in
this respect, we have found that male mice indeed prefer social to individual housing (Van
Loo et al. 2001a) and that aggression between males may be decreased by modulating cage
cleaning regime and decreasing group size (Van Loo et al. 2000, Van Loo et al. 2001b).
Environmental enrichment may also be a tool to reach the objection to decrease
aggression between group-housed male mice. In the present experiment, the effect of two
types of enrichment, i.e. nesting material or a shelter, were tested for their effect on
intermale aggression and on several physiological parameters in groups of male laboratory
mice. Both enrichment items have proven to be readily used by mice and we hypothesised
that they may decrease aggression between group housed male mice. Kleenex tissues as
nesting material (Figure 1) have been proven to strongly enhance species specific nesting
behaviour and were highly preferred by mice compared to nest boxes and other kinds of
nesting material (Van de Weerd 1997a, 1998b). Nesting material allows mice some level of
control over their environment by giving them the opportunity to actively structure their
cage. The Utrecht Shelter (Figure 1) also gives mice a more structured cage. In our
experience, this shelter is used for behaviours such as sleeping, eating and defecating.
Furthermore, its design is such that mice can use it as a refuge with more than one escape
opportunity.

Methods

Animals and husbandry
Forty-five male mice of the BALB/cAnNCRLBr strain were used. The mice were
randomly divided in groups of three and housed in wire topped Makrolon II cages (375
cm2, Tecniplast, Milan, Italy) provided with 50 g sawdust (Lignocel ¾, Rettenmaier &
Söhne, Ellwangen-Holzmühle, Germany). Tap water and food pellets (RMH-B, Hope
Farms, Woerden, The Netherlands) were provided ad libitum. The animal room had a
controlled photoperiod (lights on between 07.00h and 19.00h), temperature (23-24°C),
relative humidity (60 ± 5%), and ventilation (18-20 air changes h-1).
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At the start of the experiment, the mice were seven weeks old. The animals were
individually marked on the fur with a black waterproof marker. The mark was renewed
weekly when cages were cleaned. Prior to cage cleaning, food and water were weighed and
refreshed, animals were weighed and wounds on tail, back and genitals were counted.
Twice a week, the sleeping site of the mice was scored between 10.00h and 11.00h. When
cages were cleaned, five groups of mice were provided with 2 Kleenex tissues (Figure 1,
Kimberly-Clark Corporation, EC) torn in strips of 5 cm to ease video analyses, five
groups were provided with the Utrecht Shelter (14x8 cm, 40 mm above the cage floor,
mesh size 10x10 mm2; Figure 1) and five groups served as control with no enrichment.
During 12 weeks thereafter, each group alternately received one of the two enrichment
devices after cage cleaning, or served as control group according to a previously
established randomised block procedure. In this way, each group was subjected four times
to each of the three housing conditions in a period of twelve weeks.

Behavioural data collection
Behavioural data on aggression were collected at two different time periods:
1. After cage cleaning (age of mice: 7-18 weeks).
Immediately after transferring the mice to their new environment, their behaviour was
recorded on videotape for a period of 30 minutes. Due to restrictions in the experimental
set up, the number of cages cleaned and videotaped simultaneously was limited to four.
Videos were taped between 10.00h and 13.00h. To minimise influence of time of day on
behaviour, order of cages cleaned and recorded was altered weekly according to a
previously established randomisation procedure.
2. After disturbance (age of mice: 16-18 weeks).
Four days after cage cleaning, all mice were removed from their home cage and isolated
for one hour in a plastic bucket covered with a wire top. After this disturbance they were

Figure 1 The two enrichment items tested: Kleenex tissues (left) and the Utrecht Shelter
(right).
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returned to their home cage and their behaviour was recorded on videotape for 30
minutes. Videos were taped between 10.00h and 13.00h. To minimise influence of time of
day on behaviour, recording order of cages was altered weekly according to a previously
established randomisation procedure.

Behavioural analysis
Latency until first agonistic encounter, frequency and duration of agonistic encounters
were scored from videotape. Behaviours interpreted as agonistic were several offensive
behaviours such as vigorous sniffing of head, tail or genitals of the opponent, tail rattling,
chasing, biting and fighting, and several defensive behaviours such as upright and sideways
defensive posture, flee and active defence. Encounters that included biting were marked
separately (escalations) as well as encounters that included fighting (fights). The identities
of the males involved in an encounter were noted. A male was said to initiate an agonistic
encounter when it showed the first agonistic behaviour. A male was said to win an
encounter when its opponent showed submissive behaviour terminating the agonistic
encounter. Dominant status was assigned to the animal in each group that initiated and
won the highest number of encounters. Subordinate status was assigned to the two animals
in each group that were attacked most (sub+) or least (sub-).

Urine collection, corticosterone and creatinine analysis
Six days after each cage cleaning, urine samples were collected for corticosterone and
creatinine analysis. Between 09.00 and 10.00h mice were placed individually in small plastic
buckets provided with a disposable plastic dish and a wire top, until the mice urinated, but
no longer than 50 minutes. Urine was collected with a syringe and stored in polypropylene
tubes at –20 °C (method described by Dahlborn et al. 1996 and modified by Van Loo et al.
2001b). If mice had not urinated after 45 min. a small layer of ice was put between the
bucket and the plastic dish to stimulate urination. Mice that did not urinate at all within 50
min. were subjected to the same procedure the following morning. In this way, the number
of missing values could be kept to a minimum. Corticosterone levels were measured using
a solid-phase 125I radioimmunoassay (CAC Rat Corticosterone TKRC1, Diagnostic
Products Corporation, LA). Creatinine concentrations were determined with the use of a
commercial test combination (Creatinine, MA-KIT 10 ROCHE, Roche Diagnostics) on a
COBAS-BIO auto-analyser (Hoffmann-La Roche BV, Mijdrecht, The Netherlands).

Organ weights, testosterone levels and tyrosine hydroxylase (TH) activity
At the age of 20 weeks, the three animals of each group were euthanized simultaneously by
decapitation by three animal technicians between 09.00h and 12.00h. Decapitation was
used to enable blood collection without contamination with anaesthetic compounds.
Trunk blood was collected in ice-cooled 1.5 ml reaction vessels containing 50 iu
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heparin/ml blood. Blood was centrifuged (3000 rpm, 25 min at 20 °C) and serum stored at
-20 °C until assayed. Testes, spleen, thymus and seminal vesicles were dissected and
weighed (testes and seminal vesicles in pairs). Adrenals were dissected, individually shock-
frozen in 5 mM Tris-HCl-buffer (pH 7.2) and stored at –70 °C. Serum testosterone
concentration was measured using a solid phase 125I radioimmunoassay (CAC Total
Testosterone TKTT, Diagnostic Products Corporation, LA). Tyrosine hydroxylase activity
(TH) was measured in adrenals using a tyrosine-14C-assay (method described by Witte and
Matthaei 1980).

Statistical analysis
Body weight, food- and water intake, organ weights, TH activity and serum testosterone
levels as well as most behavioural data were analysed using a multivariate analysis of
variance for repeated measures with multiple comparisons. Where necessary, data were
logarithmically transformed to better fit the normal distribution. Furthermore, Pearson’s
correlation (r) was calculated between the total amount of aggression in a group and
several physiological parameters (organ weight, TH activity and testosterone level).
Number of escalated aggressive encounters, duration of escalations and number of
wounds were analysed using a mixed effects analysis of variance with negative binomial
error with mouse identity as fixed effect. Urine corticosterone data were logarithmically
transformed and analysed using a mixed effects analysis of variance with mouse identity as
random effect. For all tests Bonferroni correction was applied where necessary (indicated
by PB). Number of wounds, corticosterone analysis and analyses of escalations and
duration of escalations were carried out with aid of S-plus 2000 Professional Release 2 

(1988-1999, MathSoft, Inc.). All other statistical tests were carried out with aid of SPSS for
MS Windows Release 9.0 (Chicago Illinois, LA).

Results

Behaviour after cage cleaning
Analyses of behaviour after cage cleaning revealed that frequency and duration of agonistic
encounters, latency until the first agonistic encounter, number and duration of escalations
significantly differed for different housing conditions (Figure 2; Latency: P = 0.002; All
other parameters: P = 0.000). Contrast results show that nesting material (N) overall
reduced agonistic behaviour compared to control housing (C), while the Utrecht Shelter
housing (S) overall increased agonistic behaviour (Latency: PB(S-C) = 0.096, PB(N-S) = 0.015;
Frequency: PB(N-C) = 0.084, PB(S-C) = 0.009, PB(N-S) = 0.000; Duration: PB(N-C) = 0.045, PB(S-C)

= 0.015, PB(N-S) = 0.000; Escalations: PB(N-C) = 0.009, PB(S-C) = 0.000, PB(N-S) = 0.000;
Duration of escalations: PB(N-C) = 0.000, PB(S-C) = 0.079, PB(N-S) = 0.000). Furthermore,



C a g e  e n r i c h m e n t 97

there is a clear overall increase in agonistic behaviour with increasing age, while latency
until first agonistic encounter decreases with age (Latency: P = 0.010; All other parameters:
P = 0.000). Significant interaction effects between age and type of housing were only
found in duration of escalations due to a sharp decrease in duration of escalations in the
control housing at age 13-15 weeks (Figure 2; P = 0.003). Actual fights were rare and were

Frequency of agonistic encounters

0

2

4

6

8

10

12

A
g

o
n

is
tic

 e
n

co
u

n
te

rs
 . 

(n
/3

0
 m

in
)

age:
nest-control:
shelter-control:
nest-shelter:

Freq.
***
(*)

**
***

Esc.
***
**
***
***

Duration of agonistic encounters

0
10

20
30

40
50

60
70

80

D
u

ra
tio

n
 (

s 
p

e
r 

3
0

 m
in

) .
 

age:
nest-control:
shelter-control:
nest-shelter:

Dur.
***
*
*
***

Dur. esc.
***
***
*
***

Latency until first agonistic encounter

0

400

800

1200

1600

7-9 10-12 13-15 16-18

Age (weeks)

L
a

te
n

cy
 (

s)
 . 

control shelter nest

age:**

shelter-control:(*)

nest-shelter:*

escalations

Figure 2 (a) Frequency, (b) duration of agonistic encounters, and (c) latency until
first agonistic encounter during 30 minutes after cage cleaning, measured at 4 different
age periods and for 3 different housing conditions. The striped parts are the amount of
encounters that escalated. Significances for age and housing conditions are stated in
the inserted text boxes. (*) P<0.1; * P<0.05; ** P<0.01; *** P<0.001.
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mainly observed when the mice were 16-18 weeks old (eight out of fifteen groups were
never observed fighting). No significant differences were found with age or between
housing conditions (Table I).

Behaviour after disturbance
Analysis of behaviour after disturbance revealed very similar results as behaviour after cage
cleaning, however less pronounced (Table II). Frequency of agonistic behaviours and
number of escalations differed significantly between housing conditions (P = 0.045 and P
= 0.004 resp.), while duration of escalations tended toward the same difference (P =
0.068). The largest differences were found between housing with nesting material (N) and
shelter (S) and, to a lesser extent, between control housing (C) and shelter (Frequency:
PB(N-S) = 0.069; Escalations: PB(N-S) = 0.006; PB(C-S) = 0.10; Duration of escalations: PB(N-S) =
0.066). Duration of agonistic encounters, latency until first agonistic encounter and fights
did not reveal any significant differences between housing conditions.

Table I Number of fights observed at different ages and in
different housing conditions.

Housing condition
Age (wk) Control Shelter Nest Total
7-9 0 1 0 1
10-12 4 1 0 5
13-15 0 2 0 2
16-18 6 9 6 21
Total 10 13 6 29

Table II Behaviour after disturbance (mean ± SEM) for three housing conditions.

Housing condition
Parameter

Control Shelter Nest
Frequency of agonistic encounters 12.07 ± 1.76 14.33 ± 1.62a 9.47 ± 1.42a

Duration of agonistic encounters 70.13 ± 12.31a 80.73 ± 11.83a,b 61.73 ± 13.52b

Number of escalations 3.93 ± 1.08 7.80 ± 1.09 2.87 ± 0.46
Duration of escalations 29.53 ± 10.19 52.93 ± 9.22a 25.67 ± 6.68a

Latency until 1st agonistic encounter 185.67 ± 88.91 61.93 ± 11.99 148.66 ± 85.81
Similar superscripts in one row indicate (near) significant differences. a P < 0.1; b P < 0.01
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Sleeping site, body weight gain and food and water consumption
When all three mice were resting during scoring of their sleeping site, they were always
seen sleeping in close body contact. During control and nest housing, mice usually slept
under the food hopper (93% and 89% resp.), during shelter housing, mice slept (partly)
under the shelter in 72% of the cases. Body weight of the mice increased from 17.1 ± 0.3 g
at the start of the experiment to 25.1 ± 0.2 g toward the end of the experiment. Body
weight gain decreased significantly with age (P = 0.000) and differed significantly for
housing condition (P = 0.000), but not for status of the individuals. Contrast results
showed that during shelter housing, mice gained significantly less weight than during either
nest or control housing (PB(N-S) = 0.000, PB(C-S) = 0.000; Figure 3). Both food and water
consumption revealed significant effects of housing condition (P = 0.000 and P = 0.010
resp.; Table III). Contrast results revealed that when housed with nesting material, mice
consumed significantly less food than during control or shelter housing (PB(N-C) = 0.000,
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Figure 3 Body weight gain per week, measured at 4 different age periods and
for 3 different housing conditions. Significances for age and housing conditions
are stated in the inserted boxes. *** P < 0.001.

Table III Food and water consumption per week for groups of three mice, for four time periods
and three housing conditions (mean ± SEM).

Food consumption (g/group/week) Water consumption (ml/group/week)Age
(wk) Controla Shelterb Nesta,b Controlc Shelterc Nest

7-9 70.79 ± 1.27 71.92 ± 0.84 68.08 ± 1.62 70.89 ± 1.19 68.98 ± 1.13 69.96 ± 0.97

10-12 67.71 ± 1.00 69.27 ± 1.05 64.87 ± 1.27 62.94 ± 0.92 61.14 ± 1.06 61.75 ± 0.92

13-15 65.38 ± 0.94 66.20 ± 0.87 63.38 ± 0.84 63.33 ± 1.66 61.11 ± 1.21 62.50 ± 0.86

16-18 65.53 ± 1.38 65.80 ± 1.31 62.73 ± 1.21 67.37 ± 2.41 63.30 ± 2.15 64.50 ± 2.12
Similar superscripts indicate significant differences. a,b P < 0.001; c P < 0.01
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PB(N-S) = 0.000). Furthermore, water consumption was higher during control housing,
compared to shelter housing (PB(C-S) = 0.006). Both food and water consumption also
decreased with increasing age of the mice (P = 0.000).

Wounds
In concordance with behavioural scores, analyses of number of wounds revealed a clear
effect of housing condition (P = 0.001). Number of wounds in nest housing was
significantly lower than in shelter housing, while control housing was intermediate (PB(N-S)

= 0.028). Furthermore, number of wounds changed significantly with age (Figure 4; P =
0.000): When the mice were 7-12 weeks old, wound count was quite high, then decreased
when the mice were 13-15 weeks old and started to increase again when mice were 16-18
weeks old. There was also a significant age x housing interaction (P = 0.000), caused by a
sharp increase in wounds during control housing when the mice were 16-18 weeks old. No
effects of social status of the mice on number of wounds were observed.

Organ weights, TH activity and hormone levels
Organ weights, level of testosterone and TH activity were measured post mortem and
could therefore not be analysed with housing condition as a possible influential factor.
Data are summarised in Table IV. Thymus tended to differ between animals of different
status (P = 0.088) with the largest difference between the least and most attacked
individuals (PB = 0.066). No other differences for organ weights were found. Testosterone
levels differed significantly for individuals of different status (P = 0.012). Differences were
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Figure 4 Urine corticosterone/creatinine ratio’s of mice, measured at 4
different age periods and for 3 different housing conditions (columns) and mean
number of wounds at the same age periods (line). Significances of Co/Cr ratio’s
for age and housing conditions are stated in the inserted boxes.
* P < 0.05; ** P < 0.01; *** P < 0.001.
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most obvious between least attacked individuals and dominant mice (PB = 0.006). TH
activity did not differ for animals of different status. For none of the above-mentioned
physiological parameters, a significant correlation with aggression could be revealed.
Housing condition significantly influenced urine corticosterone/creatinine (Co/Cr) ratios
(Figure 4; P = 0.003). Co/Cr ratios in shelter housing were significantly higher than in
both control housing and housing with nesting material (PB(C-S) = 0.024, PB(N-S) = 0.005)
while the latter two did not differ significantly. Furthermore, Co/Cr ratios changed
significantly with age. When the mice were 7-9 weeks old, levels were quite high, decreased
when the mice were 10-15 weeks old and started to rise again when mice were 16-18 weeks
old (P = 0.000).

Discussion

Housing effects
In this experiment, we tested two different types of cage enrichment. Nesting material may
satisfy the need of mice for manipulation and nest building. Kleenex tissues have proven
to be highly appreciated as nesting material (Van de Weerd et al. 1997a, 1998b). A shelter
was the second enrichment device tested. The Utrecht Shelter may be used to hide from
light and other aversive stimuli such as humans entering the animal room and it enables
the mice to eat from a grid floor, which they tend to do more than eating from sawdust

Table IV Organ weights, TH activity and testosterone levels (mean ± SEM) of mice
categorised as dominant (dom), most attacked subordinate (sub+) and least attacked subordinate
(sub-).

Status
Parameter

Dominant Sub+ Sub-

Thymus (mg) 38.4 ± 2.1 38.5 ± 1.6a 43.2 ± 1.7a

Seminal vesicles (mg) 255.2 ± 8.8 257.5 ± 12.0 243.0 ± 13.1

Spleen (mg) 114.1 ± 9.6 119.6 ± 10.2 104.3 ± 6.5

Testes (mg per pair) 188.1 ± 3.2 191.1 ± 3.7 184.9 ± 3.6

TH activity (nmol/h/adrenal pair) 6.31 ± 0.90 5.41 ± 0.89 5.39 ± 0.52

Testosterone (ng/ml) 21.76 ± 3.87b 10.57 ± 3.82 6.77 ± 2.27b

Similar superscripts within a row indicate a significant difference. a: P < 0.1; b: P < 0.01
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when given the choice (Schlingmann et al. 1994). Furthermore, the shelter helps to keep
the mice’ sleeping area clean of urine and faeces since the animals defecate and urinate
mainly on the grid (Blom et al. 1993, Baumans 2000).

We have found pronounced effects of both enrichments on aggressive behaviour and
physiological parameters in male mice. Overall, housing the mice with the shelter increased
the amount of intermale aggression and changed a number of stress-related physiological
parameters, while housing the mice with nesting material decreased the amount of
intermale aggression, indicated by both behavioural scores and number of wounds.

A main difference between the two enrichments tested in this study is the potency for
manipulation. The shelter is a rigid, unmanipulative enrichment item, while nesting
material can be manipulated and thus may provide a certain degree of control over the
environment. Environmental control is, next to predictability, a very important stress-
reducing propensity (Weiss 1972, Wiepkema & Koolhaas 1993, Sambrook & Buchanan-
Smith 1997). Nesting material may in this respect satisfy a behavioural need of mice (Poole
1992, Jensen & Toates 1993, Van de Weerd et al. 1997a). It gives mice the opportunity to
actively structure their environment and may reduce boredom by building a nest and
alleviate social tension and stress by providing a hiding place. Indeed, Chance &
Mackintosh (1962) report that the presence of wood wool leads to a considerable decrease
in agonistic postures in a confrontation between male mice and Armstrong et al. (1998)
found reduced aggression levels in male BALB/c mice that were housed with corn husk
nesting material. Although a shelter also provides a structured environment and a hiding
place, mice cannot actively change it to meet their satisfaction. Indirect evidence for this
can be found in preference tests in which both mice and rats clearly prefer nesting material
above rigid structures such as a nest box or a platform (Bradshaw & Poling 1991, Van de
Weerd et al. 1998b). In both studies, the nesting material was readily used to build nests.
Another fact to be reconsidered is that burrows made by mice in the wild always contain a
lot of openings to the surface, providing enough opportunities to flee when the mice are
alarmed or threatened (Adams & Boice 1981). The design of the Utrecht Shelter may have
provided insufficient escape routes in this respect, leading to an increase in aggression.
Experiments with comparable structures indeed showed increases in aggression (Haemisch
& Gärtner 1994, Haemisch et al. 1994, Bergmann et al. 1994/95).

The increase in post cleaning and post disturbance aggression during shelter housing in
this study was accompanied by an increase in the number of wounds counted, an increase
in urinary corticosterone levels, and a decreased weight gain for all mice, irrespective of
social status. Both increased (urinary) corticosterone levels and weight reduction are
generally used as indicators for chronic or repeated stress situations (Manser 1992,
Brennan et al. 2000). It is noteworthy that many of the escalated encounters that were
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scored during shelter housing were triggered by tail biting while tails lay on top of the
shelter or were hanging down from it. It is possible that the increased visibility of tails
during shelter housing accounts for the increase in escalations seen. Bergmann et al.
(1994/95) found an increase in number of wounds counted on mice housed in a labyrinth-
like cage with multiple exits. Decreasing the number of exits to two increased the number
of wounds even further. In control housing, wounds were found mainly on the back of the
mice while in the labyrinth-like cage they were mainly found on the tail of the mice.

During shelter housing, mice drank less. The amount of food consumed when shelter
housed, however, tended to be higher rather than lower than during control housing, while
weight gain was considerably decreased. Bearing in mind that mice were housed in each
condition for only seven consecutive days before entering the next housing condition,
these effects on weight gain during shelter housing may be regarded as rather drastic and
acute. Similar weight gain reductions have repeatedly been reported for male mice housed
in enriched cages with rigid structures such as walls, tubes or shelters (Peters & Festing
1990, Haemisch & Gärtner 1994, Bergmann et al. 1994/95). The difference between food
and water intake is also a remarkable phenomenon, as food and water intake are usually in
balance (Claassen 1994b). These results, that may indicate a change of the energy balance
during shelter housing are in concordance with Leach et al. (2000) who also scored less
drinking behaviour in mice housed with a shelter.

During housing with nesting material, on the other hand, mice consumed less food than
during control housing, while water consumption and weight gain did not differ
significantly between these two housing conditions. These results are largely in
concordance with Watson (1993) and Van de Weerd et al. (1997b) who found that mice
housed with nesting material consumed less food, while they weighed the same or more
than control mice. By using nesting material as insulation to create the preferred
microclimate, mice may be able to regulate their body temperature and thus optimise their
energy balance. In the same paper, Van de Weerd et al. (1997b) report no differences in
urinary corticosterone ratio’s between mice from control and nest housing conditions, a
finding also in concordance with findings in the present experiment as well as results of
Dahlborn et al. (1996). The increase in urinary corticosterone levels during shelter housing
is in concordance with Haemisch & Gärtner (1994) and Haemisch et al. (1994) who found
elevated plasma corticosterone levels in mice housed in compartmented cages.

Age effects
In general, behavioural parameters clearly show an increase in aggression with age.
Number of wounds, however, are high at the start of the experiment and, after an initial
decrease, rise again towards the end of the experiment. A similar curve can be found for
Co/Cr ratio’s. It can be argued that in the newly formed groups at the start of the



C h a p t e r  6104

experiment, male mice fought overtly to establish dominance hierarchies, causing wounds
and social tension. After dominance hierarchies had been established, males lived in
relatively stable environments for a while, causing less arousal. Bronson (1973) too
reported an increase in corticosterone levels due to grouping, followed by a decline as
groups became stable. As mice matured, however, aggression increased again, possibly
because dominant males were challenged regularly, which in turn led to a secondary
increase in number of wounds and urinary corticosterone levels. These results are in
concordance with results of a previous experiment, in which we found a similar curve in
corticosterone levels (Van Loo et al. 2001b) and with Goldsmith et al. (1978) who found
increased corticosterone levels due to an increase in fighting.

Social status effects
For several parameters that showed clear housing effects (i.e. number of wounds, body
weight gain and corticosterone levels), no effect of social status could be revealed,
indicating that the impact of housing conditions on aggression and stress physiology may
be more significant than the impact of hierarchy. In a previous study no effect of social
status on body weight or corticosterone levels was found either (Van Loo et al. 2001b). In
this previous study, however, number of wounds clearly differed between dominant and
most attacked mice. This apparent discrepancy in results may be explained by the fact that
in the previous study, the largest differences between dominants and subordinates were
found in groups of 5 and 8 mice, while in groups of 3 mice (i.e. similar to this study),
differences were less pronounced.

We also measured several post mortem parameters that are known to be influenced by
aggression, hierarchy or social stress and we have tried to correlate them to the level of
aggression measured in the groups. Contrary to previous results however (Van Loo et al.
2001b), none of these post mortem parameters correlated significantly with aggression.
Testosterone levels of dominant animals were clearly higher than those of subordinate
animals. This is in concordance with previous results (Van Loo et al. 2000, 2001b) and
several other studies (Bishop & Chevins 1988, Barnard et al. 1994) in which also higher,
though not significant, levels of testosterone in dominant mice were found. Tyrosine
hydroxylase (TH) is an enzyme that mediates the transition from tyrosine to dopamine, a
precursor for (nor)adrenaline. It provides an estimate of relatively long-term sympathetic
activity of the adrenal gland (Manser 1992). We found that TH activity was high in
dominant and most attacked subordinate animals and low in least attacked subordinate
animals. Although this difference was not significant, its tendency is in concordance with
previous results (Van Loo et al. 2001b) and with studies of others (Maengwyn-Davies et al.
1973, Haemisch & Gärtner 1996). These studies seem to indicate that both maintaining
dominance (α-males) or being defeated (ω-males) leads to an increase in the sympathetic
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bodily response, while when accepting a subordinate status without ever challenging the α-
male this sympathetic response is activated less frequent (β-males; Busser et al. 1974).

Conclusions and recommendations

The Utrecht Shelter did not meet our expectations that its structure would reduce
aggression in group-housed male mice of the BALB/c strain. Instead, its presence
increased aggression and changed several physiological parameters indicative of a stressful
situation. It would therefore not be advisable to provide this shelter to group housed male
laboratory mice at least of the BALB/c strain. Whether the Utrecht Shelter is a suitable
enrichment device for female mice or males of other strains remains subject to further
study.

Tissues as nesting material have often been proven to be an easy applicable enrichment
item that is highly preferred by mice of different strains, both sexes and several different
ages. Results of the present study add to these advantages that such nesting material may
aid in reducing aggression in group-housed male mice, enabling these social animals to be
housed together in laboratory situations where this would otherwise be impossible.
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Long-term effects of husbandry
procedures on aggression and
stress-related parameters in male
mice of two strains

PLP Van Loo, E Van der Meer, CLJJ
Kruitwagen, JM Koolhaas, LFM Van
Zutphen and V Baumans

Abstract
Severe aggression within groups of male
laboratory mice can cause serious welfare
problems. Previous experiments have
shown that transfer of specific olfactory
cues during cage cleaning, and the
provision of nesting material decrease
aggression and stress in group-housed male
mice. In this study, the combined effect of
these husbandry procedures were tested
for their long-term effect on aggression
and stress in groups of moderately
aggressive (BALB/c) and severely
aggressive (CD-1) male mice. As indicators
of aggressiveness we used post-cleaning
aggression, wound counts and testosterone
levels. The physiological and behavioural
stress-related parameters used were body
weight, food and water intake, organ
weight, urine corticosterone levels and
behaviour in a cage emergence test.
Marked differences were found between
strains. CD-1 mice were more aggressive
and less anxious, had generally higher
testosterone levels, but lower
corticosterone levels than BALB/c mice.
In neither of the two strains long-term
enrichment with nesting material and its
transfer after cage cleaning was effective in
lasting reduction of intermale aggression.
However, mice housed in cages enriched
with nesting material had lower urine
corticosterone levels, heavier thymuses,
and they consumed less food and water
than standard-housed mice. We conclude
that the long-term provision of nesting
material, including the transfer of nesting
material during cage cleaning, reduces
stress and thereby enhances the welfare of
laboratory mice.

S u b m i t t e d
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Introduction

Aggressive behaviour between male mice is mediated by social odour cues. These cues are
involved in the advertisement of dominance over a defended territory as well as in the
recognition and maintenance of social tolerance between familiar individuals (Hurst 1990,
Hurst et al. 1993, Van Loo et al. 2000). Aggressive behaviour in a socially stable group of
mice is a natural part of a broader behavioural strategy of mice with a less flexible
character (Benus et al. 1990a, b, 1991, Sluyter et al. 1995). In the wild, these mice will be
fittest when population numbers are small. They exert despotic dominance through which
they defend their territories against unfamiliar males, while they are relatively tolerant to
familiar subordinate males (Crowcroft 1966, Mackintosh 1970, 1973, Poole & Morgan
1976, Hurst et al. 1993). When male mice are group housed in the laboratory, a certain
level of aggression may thus be regarded as normal. Levels of aggression within certain
caged groups of male mice, however, may be so high that they cause a serious welfare
problem for the animals involved. These abnormal levels of aggression may have a genetic
background, or may be environmentally mediated. Strain dependent differences in levels of
aggressiveness have regularly been reported (Bisazza 1982, Mondragón et al. 1987, Guillot
& Chapouthier 1998, Parmigiani et al. 1999). Furthermore, environmentally induced
disturbed social behaviour may occur as a result of frustration or lack of control, situations
that regularly occur in a laboratory environment (Broom & Johnson 1993).

Measures currently taken to avoid the problem of excessive aggression in group-housed
male mice are the use of females in stead of males, the use of docile strains, or individual
housing. None of these measures can, as yet, be regarded as the optimal solution to the
problem of excessive intermale aggression. It has frequently been shown that changes in
husbandry procedures influence levels of aggression and stress in group-housed male
laboratory mice. Cage cleaning, although essential for hygiene, disrupts odour cues and
stimulates activity which can have a significant effect on aggression within caged groups
(Gray & Hurst 1995). Van Loo et al. (2000) found that transfer of odour cues from the
nesting area decreased aggression compared to complete cage cleaning in group-housed
male BALB/c mice, while transfer of sawdust soiled with urine and/or faeces seemed to
intensify aggression. The introduction of enrichment items in the cage might also have its
effect on intermale fighting. Besides an increase in the overall behavioural repertoir, several
kinds of environmental enrichment have been shown to decrease intermale aggression
(Ward et al. 1991, Armstrong et al. 1998, Ambrose & Morton 2000). Others appeared not
to affect intermale aggression (Eskola & Kaliste-Korhonen 1999), or even increased
intermale aggression (McGregor & Ayling 1990, McGregor et al. 1991, Haemisch &
Gärtner 1994, Haemisch et al. 1994, Van Loo et al. 2001d). Housing male BALB/c mice
with nesting material significantly decreased the amount of intermale aggression (Van Loo
et al. 2001d). Nesting material has furthermore been shown to be a highly preferred
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environmental enrichment in mice (Van de Weerd et al. 1997a, 1998b, Van Loo et al.
2001c).

Recent studies by Van Loo et al. (2000, 2001b, d) have focused on husbandry-induced
changes in aggressive behaviour within groups of mice. These studies were carried out with
an inbred strain (BALB/c) known to be moderately aggressive (Eskola & Kaliste-
Korhonen 1999, Van Loo et al. 2000), and husbandry changes were applied for periods of
1 week. It is important to know whether effects of changes in the housing and husbandry
can be extrapolated to other mouse strains, and whether these changes will have the
desired effect in the long-term (Shepherdson et al. 1998). The aim of the present study was
therefore to investigate the long-term effect of a combination of factors, previously found
to decrease aggression, in males of both the inbred strain BALB/c and the outbred strain
CD-1, the latter well known for its high levels of aggression (Parmigiani et al. 1999).

Methods

Animals and husbandry
Sixty male mice of the BALB/cAnNCrlBR (BALB/c) and sixty male mice of the
Swiss/CD-1(ICR)BR (CD-1) strain were used. At arrival, all animals were 6 weeks old. Per
strain, the animals were randomly divided into twenty groups of three mice, and housed in
wire-topped clear perspex Makrolon ® type II cages (375 cm², Tecniplast, Milan, Italy)
provided with 50 g sawdust (Lignocel ® ¾; Rettenmaier & Söhne, Ellwangen-Holzmühle,
Germany). Half of the groups received nesting material (2 Kleenex tissues, Kimberly-Clark
Corporation ®, Ede, The Netherlands) in addition to the usual bedding material
(‘enriched’). The other groups served as controls, without nesting material (‘standard’).
Pelletted food (RMH-B ®, Hope Farms, Woerden, The Netherlands) and tap water were
available ad libitum. The animal room had a controlled temperature (23-24°C), humidity (60
± 5%) and ventilation (15-20 air changes/h). The artificial light/dark cycle was 12:12 with
lights on at 07.00h. The mice were marked on the tail as well as on the fur with a black
waterproof marker to enable individual identification. Marks were renewed weekly prior to
cage cleaning. After arrival the mice were allowed to adapt to their novel housing
condition for one week.

Procedure and behavioural data collection
Cages and wire-tops were cleaned weekly. For enriched cages, the nesting material was
transferred from the dirty cage into the clean cage and half of a new tissue was added to
compensate for loss due to shredding or eating. Prior to cage cleaning, the mice were
weighed, wounds were counted, and food and water were weighed and refreshed. At the
age of 9, 12, 15, 18 and 21 weeks, the behaviour of the mice was recorded on videotape
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(Panasonic AG-6024-E; Matshusita Electric Industrial Co LTD, Osaka, Japan) for a period
of 30 minutes immediately following cage cleaning. To quantify the individual level of
anxiety and aggressiveness, mice were subjected to a cage emergence test (described by
Van de Weerd et al. 1994) at the age of 17 weeks. In short, the cage emergence test
measures the time a mouse needs to emerge from a hole in a small cage into a larger cage,
with a maximum of 10 min.

Behavioural analysis
The videotapes of behaviour after cage cleaning were scored for latency until the first
agonistic encounter, frequency and duration of agonistic encounters, frequency and
duration of escalated encounters (i.e. encounters involving biting) and the total number of
fights. The identities of the males involved in an encounter were recorded as well.
Behaviours interpreted as agonistic included several offensive behaviours like fighting,
biting, tail rattling, chasing or vigorous sniffing of head, tail or genitals of the opponent,
and several defensive behaviours like upright and sideways defensive postures, flee and
active defence. The male showing the first agonistic approach was identified as the initiator
of an encounter. When a male showed submissive behaviour, the opponent was identified
as the winner. In each group, dominant status was allocated to the animal initiating and
winning most encounters (dom). The two other animals were appointed a subordinate
status (sub+ when attacked most, sub- when attacked least).

Urine collection and corticosterone analysis
In order to analyse corticosterone levels, urine samples were collected at the age of 9, 12,
15, 18 and 21 weeks. Samples were taken non-invasively 3 to 4 days after cage cleaning
between 9.00h and 10.00h. (method described by Dahlborn et al. 1996, and modified by
Van Loo et al. 2001b). Corticosterone levels were measured using a solid phase 125I
radioimmunoassay (CAC ® Rat Corticosterone TKRC1, Diagnostic Products Corporation,
LA), and corrected for creatinine concentrations determined with the use of a commercial
test combination (Creatinine, MA-KIT 10 ROCHE, Roche Diagnostics) on a COBAS-
BIO auto-analyser (Hoffmann-La Roche BV, Mijdrecht, The Netherlands).

Enrichment pilot test
To explore the aggression-mediating properties of two other enrichment devices, we
conducted an additional test when the mice were 22 weeks of age. Immediately after cage
cleaning, eight randomly chosen groups of both strains were provided with a Shepherd
Shack/Des Res (SSDR) house (Shepherd Specialty Papers, Kalamazoo, Michigan US;
Lillico, Surrey England) and six groups of each strain with a PVC tube (∅ 6cm, length
16cm). The six remaining groups of each strain served as controls with no enrichment.
Nesting material, if present, was removed from the cage and stored. For a period of 30
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minutes, all groups of mice were video taped. After video taping the SSDR houses and the
PVC tubes were removed and, if an enriched cage was involved, replaced by the old
nesting material together with half of a new tissue. Agonistic encounters were scored as
described above (see, Behavioural analysis).

Physiology
At the age of 22 weeks, the mice were decapitated simultaneously per group between
09.00h and 12.00h by three animal technicians, allowing blood collection without
contamination of anaesthetic compounds. Trunk blood was collected in ice-cooled 1.5 ml
reaction tubes containing 50 iu heparin/ml blood. Testes, spleen, thymus and seminal
vesicles were dissected and weighed (testes and seminal vesicles in pairs). Adrenals were
dissected, individually shock-frozen in 5mM Tris-HCL-buffer (pH 7.2), and stored at -
70°C. Blood was centrifuged (3000rpm for 25min at 20°C), and plasma stored at -20°C
until assayed. Serum testosterone concentration was measured using a solid-phase 125I
radioimmunoassay (CAC ® Total Testosterone TKTT, Diagnostic Products Corporation,
LA). Adrenal tyrosine hydroxylase activity (TH) was measured using a tyrosine-14C-assay
(Method described by Witte & Matthaei 1980).

Statistical analysis
Data on body weight, food and water intake, organ weights and testosterone values were
analysed using a general linear model for repeated measures with multiple comparisons,
with age or status as within-subjects factor and strain and treatment as between-subjects
factors. The frequency of agonistic interactions as well as the amount and duration of the
escalations were analysed using an analysis of variance with negative binomial error with
time, strain and treatment as between-subjects factors. The latency until first agonistic
encounter as well as the duration of agonistic encounters, tyrosine hydroxylase activity and
Co/Cr ratio were analysed using a linear mixed effects analysis with as fixed factors
treatment (all parameters), strain and time (latency, duration, Co/Cr ratio), cohort (TH),
and status (Co/Cr ratio), and as random factors group (latency, duration, TH) or mouse
number (Co/Cr ratio). The amount of fights and number of wounds were analysed for the
strains separately with the use of a Mann-Whitney-U-test with treatment as grouping
variable. For CD-1 mice, the number of groups showing wounds was too small to perform
inferential statistical analysis. Cage emergence time was analysed using a univariate analysis
of variance with strain and treatment as between-subjects factors. To better conform to the
normal distribution, several variables were log transformed. Correlations between the level
of aggression (i.e. total frequency of agonistic encounters) and organs, testosterone levels,
TH activity and Co/Cr ratio were analysed with a partial Pearson’s correlation, corrected
for strain. Significant correlations were further investigated for strains and animals of
different status separately. When multiple comparisons were made in any of the statistical
analyses Bonferroni correction was applied (i.e. P-value multiplied by number of



comparisons, indicated by PB). To identify dominant and subordinate animals within each
group the level of individual aggressiveness was used. Five out of the forty groups showed
no or hardly any aggression. As a result the hierarchies of these groups could not be
reliably evaluated. When comparisons were made between dominant and subordinate mice
these groups were omitted from the analysis. All statistical tests were carried out with the
aid of SPSS for MS Windows, Release 9.0 (SPSS Inc, Chicago, USA) or S-plus 2000
Professional Release 2 © (1988-1999, MathSoft, Inc.).

Results

Behaviour
No effects of housing condition on any of the post cleaning behavioural parameters could
be established. Both for enriched and for standard-housed animals, CD-1 mice showed
more agonistic behaviour than BALB/c mice after cage cleaning (Figure 1). In both
strains, frequency and duration of agonistic encounters decreased from the age of 9 to 12
weeks, after which it increased (Figure 1a, only frequency shown). Number and duration
of escalations in CD-1 mice followed the same time pattern, while in BALB/c mice, both
were near to zero and increased after the age of 15 weeks (Figure 1b, only duration of
escalations shown). Strain and time effects were significant for frequency of agonistic
encounters, duration of agonistic encounters as well as the duration of escalations (all: P <
0.001). For the frequency of escalations, only the strain effect was significant (P < 0.001).
The latency time until first agonistic encounter showed an increase followed by a decrease
when the mice grew older (P < 0.01) and was generally lower for CD-1 mice than for
BALB/c mice (P < 0.001; Figure 1c). Fights were observed in only 7 BALB/c and 10 CD-
1 groups. For BALB/c mice the total number of fights observed during the whole
experiment was 6 for the standard and 7 for the enriched-housed groups. For CD-1 mice
the total number of fights was 29 for the standard and 16 for the enriched-housed groups.
Table I Total number of wounds counted in BALB/c mice (mean ± SEM, [median]).

Status
Housing

Dominant Sub+ Sub- Unknown

Standard 3.0 ± 1.1a

[3]
28.9 ± 5.6b

[25.5]
20.5 ± 5.5b

[17]
2.5 ± 1.4
[1]

Enriched 2.6 ± 1.1a

[1]
38.1 ± 13.0b

[30]
24.6 ±12.4b

[17]
1.3 ± 1.3
[0]

a-b P < 0.001
C h a p t e r  7114



In the cage emergence test, again a clear strain effect was found. Mice of the BALB/c
strain took significantly longer to emerge from the small cage than did CD-1 mice (Figure
2, P < 0.001). No effect of housing condition could be established.

Wounds
For the mice of the BALB/c strain a significant effect of the position in the dominance
hierarchy was found (P < 0.001, Table I). Dominant mice had the lowest number of
wounds while most attacked subordinate (sub+) mice showed the largest number of
wounds (PB < 0.001). The average amount of wounds of least attacked subordinate (sub-)
mice was significantly higher than wounds of dominant mice (PB < 0.001) but lower than
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most attacked subordinate mice (ns). No effect of housing condition was found. For CD-1
mice, wound count did not appear to be a good indication of level of aggressiveness: only
4 out of 20 CD-1 groups contained wounded animals. In these 4 groups, the total number
of wounds of the dominant mice varied between 0 and 5 wounds, of the most attacked
subordinate mice between 11 and 451 wounds, and of the least attacked subordinate mice
between 1 and 233 wounds. Three of the groups were housed under standard conditions, 1
under enriched conditions.

Body weight, food and water intake
During the experiment all mice showed a general increase in body weight (P < 0.001,
Table II). Enriched CD-1 mice gained more weight than CD-1 mice housed under
standard conditions (PB < 0.05). No such housing effect on weight gain was found for
mice of the BALB/c strain. From the start of the experiment CD-1 mice were significant
heavier than BALB/c mice (P < 0.001) and gained more weight than the BALB/c mice
during the experiment (P < 0.001). Status did not affect body weight in either strain.

An overall significant difference in food and water intake between the housing conditions
was found (both P < 0.05, Table II). Mice housed in enriched cages consumed less food
and water than mice housed in standard cages. In general food and water consumption
showed a parabolic time effect. Initially, both food and water intake decreased, after which
it increased again slightly (P < 0.001). A strain difference in the total amount of food and
water consumed (both P < 0.001) and the change in food and water intake over the weeks
(both P < 0.001) was found, with CD-1 mice consuming significantly more food and water
than BALB/c mice.
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Urine corticosterone/creatinine (Co/Cr) ratios
For both strains, a significant housing effect on Co/Cr ratios was found (Figure 3a, P <
0.05). Mice housed under enriched conditions showed a lower Co/Cr ratio than mice
housed under standard conditions. Furthermore, a significant strain effect was apparent.
CD-1 mice showed a significantly lower Co/Cr ratio than BALB/c mice (Figure 3a, P <
0.001). Co/Cr ratios showed a significant time effect (P < 0.001) that differed between
strains (P < 0.05, Figure 3b: pooled for housing conditions). At the age of 9 weeks the
Co/Cr ratios of the BALB/c mice were quite high, then decreased when the mice were 12
weeks old and started to show an increase again after the age of 15 weeks. The CD-1 mice
on the contrary showed lower Co/Cr ratios at the age of 9 weeks compared to the
BALB/c mice followed by an increase at the age of 12 weeks after which the Co/Cr ratios
slightly decreased again. No effect of position in the dominance hierarchy on Co/Cr ratios
was found. A significant positive correlation was found between aggression and mean
Co/Cr ratios in dominant and most attacked subordinate mice (r = 0.4906, P < 0.01 and r
= 0.3522, P < 0.05 resp.). Closer scrutiny of the data revealed that most attacked

Table II Body weight, food and water consumption (mean ± SEM) of BALB/c and CD-1
mice housed under standard or enriched conditions summarised for periods of four (body
weight) or five weeks (food and water).

BALB/c CD-1

Age (wk) Standard Enriched Standard Enriched Sign.

7-10 20.8 ± 0.13 21.0 ± 0.13 32.9 ± 0.24 33.3 ± 0.30

11-14 23.8 ± 0.10 24.0 ± 0.09 35.8 ± 0.29 36.7 ± 0.37

15-18 25.2 ± 0.09 25.4 ± 0.09 38.3 ± 0.34 39.2 ± 0.43

Body
weight (g)

19-22 26.3 ± 0.09 26.5 ± 0.09 39.7 ± 0.37 40.5 ± 0.45

A***
S***
SxH*
AxS***

7-11 67.3 ± 0.41 64.9 ± 0.79 95.6 ± 0.90 90.3 ± 1.23

12-16 65.6 ± 0.64 64.4 ± 0.45 91.5 ± 1.05 84.6 ± 1.13
Food
(g/group/
week)

17-21 68.4 ± 1.15 65.5 ± 0.84 91.8 ± 1.25 84.9 ± 1.32

A***
S***
H*
AxS***

7-11 63.7 ± 0.69 62.6 ± 0.72 108.2 ± 2.06 94.2 ± 2.16

12-16 64.9 ± 0.90 64.0 ± 0.63 98.8 ± 1.74 85.3 ± 1.46
Water
(ml/group
/week)

17-21 65.4 ± 0.80 64.3 ± 0.97 97.2 ± 2.18 88.7 ± 1.74

A***
S***
H*
AxS***

A: age effect, S: strain effect, H: housing effect
* P < 0.05; *** P < 0.001
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The tyrosine hydroxylase (TH) activity did not differ between housing conditions or
strains. TH activity did tend to differ for individuals with different positions in the
dominance hierarchy (Table IV, P < 0.1). Multiple comparisons revealed that dominant
mice tended to have higher TH activity than least attacked subordinate mice (PB < 0.1). A
significant positive correlation was found between TH activity and the level of aggression
in a group (P < 0.01). Multiple comparisons showed that dominant and most attacked
subordinate CD-1 mice were mainly responsible for this correlation (Table IV, PB < 0.01,
PB < 0.1, respectively). No other significant correlations between post mortem parameters
and aggression were found.

Table IV TH activity (nmol/h/adrenal pair; mean ± SEM).

Dominance status

Dominant Sub+ Sub- (N) Unknown (N)

BALB/c
Standard

Enriched

8.45 ± 1.10
a

8.33 ± 1.79

8.46 ± 1.03

8.21 ± 2.03

7.19 ± 0.73
b

6.79 ± 0.73

(8)

(9)

8.28 ± 1.14

4.40 ± 0.54

(6)

(3)

CD-1
Standard

Enriched

8.38 ± 1.21
a

8.44 ± 0.87

7.19 ± 0.90

6.87 ± 1.20

6.95 ± 0.61
b

7.30 ± 1.16

(10)

(8)

-

5.18 ± 0.99 (6)

Correlation with
aggression r = 0.649** r = 0.499(*)

a-b, (*): PB < 0.1 **: PB < 0.01

Table III Organ weights (mg) and testosterone levels (ng/ml; mean ± SEM).

BALB/c CD-1
Parameter

Standard Enriched Standard Enriched
Thymus 3.00 ± 0.09a 3.23 ± 0.13b 3.33 ± 0.17c 3.57 ± 0.17d

Seminal vesicles1) 23.17 ± 0.56e 21.63 ± 0.54e 33.73 ± 1.24f 32.87 ± 1.26f

Spleen 10.87 ± 0.53g 10.03 ± 0.45 9.23 ± 0.35h 9.97 ± 0.36

Testes1) 19.63 ± 0.27e 19.63 ± 0.22e 23.17 ± 0.59f 24.53 ± 0.83f

Testosterone2) 1.32 ± 0.38g 1.34 ± 0.44g 3.80 ± 1.00h 2.38 ± 0.64h

1) weighed in pairs a-b, c-d, a-c, b-d: P < 0.05
2) geometric mean e-f: P < 0.001

g-h: P < 0.01
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Enrichment pilot test
Behavioural data of the enrichment pilot test again revealed clear strain effects. CD-1 mice
showed aggression faster and more often than BALB/c mice (Latency: P < 0.001; Figure
4, Duration: P < 0.01). Furthermore, for both parameters a time effect was present.
Latency levels one week prior to the pilot test were generally lower and duration levels
were generally higher than when the mice were subjected to the new conditions (Latency:
P < 0.01; Figure 4, duration: P < 0.001). However, no significant differences were found
between control groups and groups provided with either SSDR or PVC enrichment for
any of the behavioural parameters measured.

Discussion

Housing condition effects
The provision and transfer of nesting material did neither reduce nor increase the level of
intermale aggression in this study. This is contrary to results of previously performed
studies by Van Loo et al. (2000, 2001d) in which both the transfer of used nesting material
and the provision of new nesting material clearly reduced the level of aggression. A
possible explanation for this discrepancy may be that in previous studies, differences in
aggression were measured with groups of mice serving as their own controls, while in this
study, differences were measured between groups. Since aggressiveness between groups can
vary substantially, subtle differences in aggression between housing conditions may have
been obscured in this experiment. Another factor that may account for the discrepancy is
that in the present study, mice were housed in the same conditions throughout the
experiment, whereas in the former studies mice were intermittently subjected to different
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cleaning regimes or housing conditions. This intermittent character may have prolonged
the novelty effect of the husbandry procedures, while in the present study the animals may
have habituated to the nesting material and cage cleaning regime. The introduction of a
novel object has been shown to stimulate investigative or manipulative behaviour that
decreases as the animals habituate to the presence of the object, or loose interest. Some
degree of novelty can be sustained by adding materials or devices for short periods of time
and changing them at intervals (Shepherdson et al. 1998). The general decline in aggression
when the mice were subjected to novel conditions in the enrichment pilot test supports
this hypothesis. If nesting material, when it was still perceived as a novelty by the mice at 7
weeks, indeed affected intermale aggression, this effect may already have waned when
behavioural recording started at the age of 9 weeks.

Housing condition did affect several physiological parameters such as food and water
intake, corticosterone levels and thymus weight. Food and water intake for mice housed
under enriched conditions were lower than for mice housed under standard conditions
while body weight of enriched-housed CD-1 mice was higher than for standard-housed
CD-1 mice, and BALB/c mice of different housing conditions gained equal weight. This is
in accordance with Dahlborn et al. (1996), Van de Weerd et al. (1997b) and Van Loo et al.
(2001d), who found that mice from cages enriched with nesting material gained equal or
more weight than mice from standard housing conditions although they consumed less
food. It was hypothesised that nesting material allows the mice to regulate their body
temperature and, as a consequence, might decrease the need for food and water. Others
stipulate that laboratory animals kept in standard conditions eat and drink more than
animals housed in enriched cages due to boredom (Fiala et al. 1977, Van de Weerd et al.
1994). Excessive feeding and drinking have been reported as behavioural reactions to
prolonged encagement (Wemelsfelder 1993). A discrepancy between food and water intake
and body weight gain may also be related to the amount of social stress experienced. Many
reports have shown that chronic stress can produce a decrease in body weight, or a
reduced weight gain in animals that are still growing (Manser 1992). In concordance with
this hypothesis, corticosterone levels were higher and thymus weight was lower for
standard-housed mice compared to enriched-housed mice.

An increase in baseline levels of corticosterone may be an indicator of chronic stress
(Manser 1992, Shepherdson et al. 1998), and a decreased thymus weight is consistent with
higher baseline corticosterone levels (Manser 1992, Moberg & Mench 2000). The lower
corticosterone levels of enriched-housed mice found in this experiment are contrary to
results of Haemisch & Gärtner (1994). They found that enriched-housed mice showed
increased levels of corticosterone, which they explained by their finding that mice in
enriched cages were more aggressive and failed to maintain stable dominance relationships.
An important difference between the latter and this experiment is the type of enrichment
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used. In a study by Van Loo et al. (2001d) intermale aggression and corticosterone levels
increased in mice housed in cages, structured with a shelter, comparable to the enrichment
used by Haemisch & Gärtner (1994), while intermale aggression decreased in mice housed
with nesting material. The provided nesting material (tissues) can be used to hide from
other mice besides being manipulated for nest building, which gives the mice the
possibility to have some control over their environment. Controllability of the
environment, next to predictability, has been reported to be an important factor
influencing the amount of stress experienced by animals in an environment (Wiepkema &
Koolhaas 1993, Manser 1992, Shepherdson et al. 1998, Weiss 1972). Enrichment items like
the shelter do provide a hiding place but can not be actively manipulated and therefore
may not give the mice the opportunity to change it at will. Preference tests showed that
both mice and rats clearly prefer nesting material to rigid structures such as a platform, a
nest box (Bradshaw & Poling 1991, Van de Weerd et al. 1998b) or a shelter (unpublished
data).

Strain effects
The most pronounced differences in this study were found between the two strains tested.
CD-1 mice were found to be more aggressive than BALB/c mice, which is in concordance
with these strains being referred to as highly and moderately aggressive, respectively
(Eskola & Kaliste-Korhonen 1999, Parmigiani et al. 1999, Van Loo et al. 2000). The higher
level of aggression of CD-1 mice was not only reflected in the behavioural data but also in
the testosterone values. Testosterone mediates intermale aggression, and individuals with
high testosterone levels are more aggressive (Dessi-Fulgheri et al. 1976, Zielinski &
Vandenbergh 1993). However, the number of animals injured by fighting was higher in
BALB/c mice as compared to CD-1 mice, although the few CD-1 mice with wounds were
more seriously injured on their backs and genitals. BALB/c mice had smaller wounds on
their tails and backs, which may indicate a difference in offence or defence strategy.
Another possible explanation may be a difference in fur thickness. Although we have not
determined the exact fur thickness in both strains, the fur of CD-1 mice is thicker than the
fur of BALB/c mice.

Despite the overall lower levels of aggression in groups of BALB/c mice, several
parameters indicated that BALB/c mice were more susceptible to social stress than CD-1
mice. BALB/c mice had higher urine corticosterone levels and they were considerably
slower to emerge in the cage emergence test. In accordance with this, Kopp et al. (1999)
showed that mice of the BALB/c strain are particularly susceptible to chronic stress
exposure compared to several other inbred mouse strains.

None of the BALB/c or the CD-1 groups needed to be separated during the experiment,
since aggression levels remained tolerable. This is remarkable, since it is generally assumed
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that male mice of the CD-1 strain will kill each other when group housed (Mouse Genome
Database 2001). Evidence exists that in small groups, as was the case in this experiment,
the hierarchy is more stable than in groups of six to ten animals, i.e. group sizes often used
in the laboratory (Poole & Morgan 1973, Butler 1980, Van Loo et al. 2001b). Furthermore,
the mice in this experiment have hardly been subjected to stressful procedures. It is
possible that in experiments in which mice are disturbed more frequently and more
intensely, aggression will rise sooner and reach higher levels. Aggression towards cage
mates due to frustration is a well-known phenomenon that has been shown in the
domestic fowl (Duncan & Wood-Gush 1971) and in rats and mice in which this
phenomenon is used as a standard ‘shock-induced aggression’ test (e.g. Driscoll et al. 1980,
Pant & Nath 1993).

Social status and age effects
Social status and levels of aggression were related to two neuroendocrine measures,
corticosterone and TH activity. These measures reflect the HPA axis and sympathetic
activation in response to challenges, respectively (Manser 1992, Moberg & Mench 2000).
Both the urinary corticosterone levels and the TH activity of most attacked subordinate
mice and dominant mice were positively correlated to the level of aggression observed in
the groups. It may be plausible to assume that the most attacked or most wounded animals
would experience a more or less chronic intermittent social stress when attacked by the
dominant, leading to an activation of both the HPA axis and sympathetic bodily response.
Maintaining dominance through the initiation of aggression, on the other hand, also
activates the sympathetic response and HPA axis activity (Maengwyn-Davies et al. 1973,
Haemisch & Gärtner 1996). In concordance with the findings in dominant mice, the TH
activity of dominant mice was higher than for least attacked subordinate mice, while the
TH activity of most attacked subordinate mice was intermediate. Previous findings (Van
Loo et al. 2001b, d) are in agreement with these results. The correlation between
corticosterone levels and aggression found for dominant mice may reflect the experience
of chronic social stress associated with social instability. Higher levels of intermale
aggression due to social instability have been reported before (Poole & Morgan 1973, Van
Loo et al. 2001b), as have elevated plasma corticosterone levels in dominant mice
coinciding with increased levels of intermale aggression (Bronson 1973, Haemisch et al.
1994, Van Loo et al. 2001c).

After a minor decrease in aggression at the start of the experiment, intermale aggression
increased with age. Goldsmith et al. (1978) and Van Loo et al. (2001b, d) have reported a
similar development of aggression: In newly formed groups agonistic encounters are
necessary to establish a dominance hierarchy. After a dominance hierarchy has been
formed the mice will live in a relatively stable environment for a while, after which
aggression will increase again with age. For BALB/c mice, the curve of the corticosterone
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levels matched this development in aggression. This is in concordance with the finding
that corticosterone levels and aggression were positively correlated, and with previous and
other studies (Bronson 1973, Goldsmith et al. 1978, Van Loo et al. 2001 b, d). For CD-1
mice on the other hand, the aggression and corticosterone curves did not match as
perfectly. In stead, levels increased from the age of 9 to 12 weeks and declined slightly
afterwards. A reason for this is difficult to give.

Conclusions and recommendations

The aim of this study was to investigate the effect of long-term enrichment with nesting
material on the aggressive behaviour and several stress related parameters of male mice of
two different strains, and whether the repeated transfer of nesting material when cleaning
the cages reduces intermale aggression. The most pronounced effects in physiological as
well as behavioural parameters were mainly found between the strains. CD-1 mice were
more aggressive than BALB/c mice. Remarkably, though, aggression never rose to
unacceptable levels, implicating that forming small, stable groups and/or keeping
experimental disturbances to a minimum may considerably modulate aggression in group-
housed male mice. Still, some overall conclusions can be drawn as to the effect of housing
condition. Long-term enrichment with nesting material and the repeated transfer of
nesting material when cleaning the cages did not affect intermale aggression. It did,
however, influence several stress-related parameters. The corticosterone levels of enriched-
housed mice were lower, their thymus weight was increased, and they consumed less food
and water than standard-housed mice while gaining more or equal weight. Since the level
of aggression is not negatively influenced by the provision and transfer of nesting material,
and stress-related parameters indicate reduced levels of stress in enriched-housed
conditions, the provision of nesting material and its transfer during cage cleaning is
recommended for group-housed male laboratory mice.



General discussion
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Introduction

Aggressive interactions between male mice are a naturally occurring component of the
animals’ social behaviour, both in the wild and in laboratory environments, necessary to
maintain a stable social hierarchy. In the laboratory, however, intermale aggression may
exceed normal levels due to genetic background, confinement or stressful situations. This
may constitute a problem with negative effects both on the well-being of the animals and
on the validity of experimental results. A solution to this problem may be to avoid the use
of male mice from aggressive strains. However, behavioural characteristics of an animal
are part of a broader behavioural and physiological whole that forms the animal’s coping
style. Selecting a model on one characteristic may therefore bias the experimental outcome
(Koolhaas et al. 1997). A second possibility is to house male mice individually. It is,
however, questionable whether this approach provides a satisfactory answer to the
problem. The purpose of this thesis was to find practical solutions for coping with
excessive aggressive behaviour in male laboratory mice by investigating the mice’ social
preferences and the effects of changes in housing and management procedures on the
level of aggression.

Social preferences

Some dispute exists as to whether individual housing is stressful for mice or not. As
already mentioned (see, General Introduction), a wealth of literature reveals that the
individual housing of mice and rats induces behavioural and physiological changes that
suggest that this way of housing is stressful. These changes are referred to as ‘isolation
stress’, or ‘isolation syndrome’ (Chance & Mackintosh 1962, Ader & Friedman 1964,
Hatch et al. 1965, Barrett & Stockman 1966, Gärtner 1968a, b, Baer 1971, Brain 1975,
Haseman et al. 1994). It is evident that individually housed animals differ from socially
housed animals in behavioural, neuro-endocrinological and neuro-physiological
parameters, and as such may not be appropriate as a research model. However, it has also
been proposed that individual housing may not be as stressful for male mice as it may
seem. Comparisons of socially housed dominant male mice and individually housed male
mice revealed that several neuroendocrine parameters indicating sympathetic activity of
the adrenal gland were similar between these males (Maengwyn-Davies et al. 1973,
Haemisch & Gärtner 1996). The wild counterpart of most laboratory mice (Mus musculus)
is territorial, and housing male mice individually may be regarded as providing them with
their own territory (Brain 1975).
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In the first part of this thesis (Chapters 2 and 3), the social preferences of male mice of the
BALB/c strain were investigated in relation to the level of aggression, dominance
hierarchy, age, familiarity and kinship. These preference tests were conducted to gain more
insight into what would be the preferred housing condition from the animal’s point of
view, in order to make a more founded decision on whether individual housing for male
mice is acceptable or not. The use and limitations of preference tests in general have been
discussed elsewhere (Van Rooijen 1983/84, Blom et al. 1992, Fraser 1996). In the test for
social preference as conducted in the studies described in this thesis one might assume
that the inability to be in close physical contact has influenced the mice’ choice behaviour.
The mice were, however, able to communicate by sight, hearing, smell and nose contact.
The hierarchy between two male mice that are not able to be in bodily contact does not
cease to exist when close olfactory and visual contact is possible (Parmigiani et al. 1989,
Hurst et al. 1993), and isolation effects on behaviour and physiology do not develop
(Kudryavtseva 1991, 1994, 2000, Kundryavtseva et al. 2000). Furthermore, by preventing
access to the cage mate, not all social interactions can take place, i.e. consummatory
responses affecting the rewarding properties of social contact can not interfere with the
anticipatory behaviour which may indicate the need for social contact (Spruijt 2001). We
therefore assume that the conducted tests provide valuable information on the preferences
of the mice themselves for social and individual housing. Results have indicated that, in
general, all mice preferred the vicinity of a cage mate during resting periods, especially
when mice were familiar to each other (i.e. had been housed together previously). Social
preference during active periods increased with age. During these periods, the mice clearly
showed increasing appetitive behaviour: they regularly sniffed the holes in and ridge under
the partition separating them from each other, and dug away the sawdust near it, as if
attempting to establish social contact. In addition in Chapter 3, the relative preference of
the vicinity of a cage mate was tested against the availability of nesting material. Nesting
material as environmental enrichment is highly preferred by both male and female mice of
different strains and ages (Van de Weerd 1997a, 1998b). Results in Chapter 3 confirm
these findings and indicate that this preference for nesting material existed mainly during
the resting periods. When the mice were active, they showed a preference for the company
of their cage mate.

The general conclusion drawn from the first part of this thesis is that male mice prefer
social housing to individual housing, independent of their level of aggression and social
status. Together with the existing evidence of negative side effects of individual housing
on the well-being of mice the present results support the recommendation that individual
housing should be avoided whenever possible. Furthermore, when male mice are deprived
of social contact because individual housing can not be avoided, nesting material may, at
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least partly, compensate for the loss of social contact during resting periods and possibly
the associated lack of warmth and security.

Husbandry adaptations

Individual housing may be required by the experimental set-up, e.g. in metabolic cages.
The question remains, however, whether (expected) excessive aggression between male
mice is enough reason to make individual housing a necessity. It may be argued that
excessive aggression in group housed male mice provides a serious welfare problem for
both dominant and subordinate mice, and that individual housing will be less costly from
a welfare perspective. However, both individual housing and group housing in
combination with excessive aggression have obvious negative consequences for the mice.
These kind of cost-benefit analyses can also be found in farm animal welfare. In laying
hens, the welfare benefit of preventing cannibalism is weighed against the welfare cost of
beak trimming. To objectively make such cost-benefit analyses for animal welfare,
however, is an impossible task, due to the complexity and interdependence of aspects
influencing animal well-being (Appleby 1997, cf. Broom 1997, Fraser 1997, Newberry &
Estevez 1997). Since both alternatives may induce animal suffering, why should we opt for
either of these? Fox (1983/84) points out that there is a limit to the extent that we can
adapt an animal to a captive environment. It may therefore be better to seek for
possibilities to adapt the environment to its inhabitants rather than the other way around.

In the second part of this thesis, a selection of adaptations to the housing and
management of male laboratory mice was tested for its modulating properties to
aggression and social stress. Adaptations were introduced in a variety of husbandry aspects
that potentially influence intermale aggression. Evidence for this was primarily based on
personal experience of animal caretakers and researchers, or on scientific reports, in part
containing inconsistencies. These husbandry aspects were routine husbandry procedures
(Chapter 4), group composition (Chapters 4 and 5), cage size (Chapter 5), and complexity
of the cage (Chapter 6). Apart from their alleged aggression modulating properties, the
adaptations were chosen for three other main reasons. First, adaptations to laboratory
animal facilities should preferably be economically and ergonomically feasible. The
adaptations chosen can all be implemented in the existing housing design, with little extra
costs with regard to material and personnel. Second, the success of changes in laboratory
animal husbandry is directly related to the motivation of the animal care staff, where
important factors are extra workload and obvious benefits to animal welfare (Benn 1995,
Markowitz & Gavazzi 1995, Van de Weerd & Baumans 1995). With the choice of
adaptations to be tested and recommended to modulate aggression, this has been kept in
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mind. Third, the aim was to provide a set of husbandry adaptations each capable of
decreasing aggression and/or social stress, with a possibly synergistic effect when
combined. The variety of aspects in the mice’ environment that were tested were not
interdependent, which made a combination of any set of adaptations possible.
Cage cleaning, although essential for hygiene, disrupts odour cues and stimulates activity,
leading to an increase in aggression (Gray & Hurst 1995, Rodent Refinement Working
Party 1998). Aggression between male mice is mediated by social odour cues, and both
source and distribution of odour cues appear to be important in this respect (Bishop &
Chevins 1987, Hurst et al. 1993). Since mice keep their nests clean of urine and faeces
(Blom et al. 1993), the nesting area will primarily contain pheromones originating from
plantar and other body glands. In contrast to most urinary pheromones, these have an
aggression-inhibiting effect (Brown 1985, Jones & Nowell 1975, Mugford 1972, Stoddard
1980). Chapter 4 revealed that simple changes in routine cleaning procedures significantly
affected the level of aggression. The transfer of used nesting material from the old cage to
the new cage clearly reduced aggression, while the transfer of sawdust soiled with urine
and/or faeces seemed to intensify aggression. The recommendation resulting from this
Chapter is that material derived from the nesting area should be transferred to the clean
cage.

Two aspects of group composition - kinship and group size - were tested for aggression
modulating properties. Evidence exists that social interactions between male mice can be
affected both by kinship (Hayashi & Kimura 1983, Kareem 1983, Kareem & Barnard
1982, 1986) and by group size (Barnard et al. 1994, Butler 1980, Poole & Morgan 1973). In
Chapter 4, however, kinship did not affect the level of aggression. A possible explanation
is that familiarisation between the nonlittermates being housed together while they were
still young, may have overruled effects of kin recognition (Kareem & Barnard 1982), or
because kin recognition in inbred strains such as the BALB/c strain may be disturbed
(Nevison et al. 2000). Group size on the other hand (Chapter 5), affected aggression to a
marked degree. Groups composed of three mice showed the least aggression as compared
to groups of five or eight mice. In the latter, not only the dominant mouse, but also the
subordinate mice showed more aggression than in groups of three mice. This seems to
indicate that the dominance hierarchy is more stable in smaller groups. The housing of
male mice in small groups is therefore recommended.

For the effects of cage size on the level of aggression, the literature reports contradictory
results (McGregor & Ayling 1990, Poole & Morgan 1976, Vestal & Schnell 1986, Welch &
Welch 1966). In the experiments described in Chapter 5, mice were housed in cages of
two different sizes: one providing the minimal amount of space per mouse that is legally
required, the other providing about 50% extra space. The smaller cages appeared to
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invoke less aggression than the larger cages. This result should be interpreted with care
since the relationship between cage size and aggression may actually be curvilinear with an
optimum (Polley et al. 1974). In different species evidence exists that crowding may
induced a reduction in aggression (Ewbank & Bryant 1972, Hughes & Wood-Gush 1977,
Welch & Welch 1966). Crowding effects reported in mice and rats are generally stress-
related; these include increased corticosterone levels, impaired skin homeostasis and
diminished immune response (Brown & Grunberg 1995, Csermely et al. 1995, Denda et al.
1998).

Studies investigating the effect of cage complexity by the addition of environmental
enrichment on the well-being of laboratory mice are numerous (cf. Van de Weerd &
Baumans 1995). In the majority of cases, the well-being of the mice being studied is
enhanced by the increase of complexity or the addition of environmental enrichment. For
male mice, however, several studies report an increase in aggression when cages are more
complex (McGregor & Ayling 1990, Haemisch & Gärtner 1994), while others report no
effect (Vestal & Schnell 1986) or a decrease in aggression (Ambrose & Morton 2000,
Armstrong et al. 1998, Chamove 1989a, Ward et al. 1991). In Chapter 6, the effects of cage
complexity on aggression were tested by adding two types of environmental enrichment to
the cage. One type of enrichment (shelter) was rigid, and structured the cage into specific
areas with properties meeting the mice’ needs, i.e. a dark and secluded sleeping area, an
escape route, wire mesh to eat from and to use as voiding area (Baumans 2000, Blom et al.
1993, Schlingmann et al. 1994, Van de Weerd & Baumans 1995). The other enrichment
(nesting material) could be manipulated, and gave the mice the opportunity to build a nest
for sleeping and thermoregulation (Van de Weerd et al. 1997a, 1998b). Results in this
thesis revealed that aggression and stress related parameters increased when mice were
housed with a shelter, while a significant decrease in aggression was apparent when mice
were housed with nesting material. Both enrichments provided for important features in
the mice’ cage. Additionally, with the nesting material mice could actively structure their
environment at their own will. It has been argued that active behaviour may have a reward
value in itself, i.e. that an animal’s needs may lie as much in the ‘doing’ as in the ‘achieving’
(Wemelsfelder 1997a). Items providing for this need, such as nesting material, would thus
be more suitable enrichment items than rigid structures (Poole 1998). The
recommendation resulting from this chapter is that male mice should be provided with
nesting material to actively structure their cage.

Long term consequences
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When combining the results from Chapters 4-6, a reduction in aggression was expected to
be most significant in groups of three mice, provided with nesting material that was
transferred after cage cleaning. In Chapter 7, this combination of husbandry adaptations
with proven aggression reducing properties was tested. This experiment differed in two
important aspects from the experiments in Chapters 4-6, namely experimental design and
choice of strain.

In the previous experiments, groups of mice were alternately subjected to different
housing or husbandry procedures, with the exception of the experiment studying group
size. The advantage of this experimental set-up was, that groups of mice served as their
own control and even slight changes in the usually quite variable levels of aggression could
be detected. The disadvantage was, however, that no long-term effects of changes in
housing and husbandry procedures on aggression and stress could be examined. Long-
term effects may differ from short-term effects, since animals may habituate to the
adapted situation or loose interest in introduced enrichment items after some time
(Bloomsmith et al. 1991, Chamove 1989b, Van de Weerd & Baumans 1995). In the final
experiment therefore, husbandry procedures of experimental and control groups of mice
were the same throughout the experiment.

For the experiments described in Chapters 2-6, BALB/c had been the strain of choice.
Males of this strain are known to be moderately aggressive and animals may fight fiercely.
Despite regular aggression problems, male mice are usually housed in groups, at least until
they are adult. The main goal of this thesis was to find ways to prevent excessive
aggression to arise in group-housed male mice. In Chapters 2-6, however, levels of
aggression hardly ever reached levels beyond what could be considered to be normal. It
may thus be argued that the animal model used was not the best model to study
environmental influences on excessive aggression since such levels of aggression never
arose. However, mechanisms underlying the development of excessive aggression may not
differ distinctly from mechanisms regulating normal levels of aggression. Excessive
aggression merely may be a state in which the mechanisms to prevent normal levels of
aggression to escalate, dysfunction (see, General Introduction). Environmental stimuli
influencing normal levels of aggression may therefore also influence the development of
excessive aggression. Furthermore, for aggression modulating properties of husbandry
changes to be investigated, we needed to house male mice in groups for a relatively long
period. When using a highly aggressive strain there would have been a distinct possibility
that males, at least from control groups, would have to be separated early during the
experiment due to excessive aggression. Still, it was considered of main importance to
examine whether the aggression reducing adaptations to the husbandry procedures, as
found in previous experiments, would also decrease aggression in strains known to be
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highly aggressive, to the extent that group housing is optional. In the final chapter,
therefore, the combination of presumed aggression reducing husbandry adaptations were
tested not only in the BALB/c strain, but also in a strain known to be highly aggressive
(Swiss-derived CD-1; Parmigiani et al. 1999).

Results of Chapter 7 indicated that long-term enrichment with nesting material and the
repeated transfer of nesting material when cleaning the cages did not affect intermale
aggression levels. Since aggression levels between groups were highly variable, and groups
of mice could not serve as their own control, a possible effect on aggression may have
been too low to detect. Another explanation may be that the novelty effect, rather than
the differences in husbandry procedures per se, were responsible for the aggression
decreasing effects found in Chapters 4 and 6. The perception of ‘change’ or ‘novelty’ may
be regarded as important factors providing for variety in a captive animal’s environment
(Wemelsfelder 1997b, Poole 1998). Novel objects stimulate investigative or manipulative
behaviour that decreases over time as the animal habituates to the presence of the object
(Shepherdson et al. 1998), and frequent change of objects to avoid boredom has been
recommended (Benn 1995, Markowitz & Gavazzi 1995). In Chapters 4 and 6, the
alternate application of different housing and husbandry procedures may have sustained
the effect of novelty. From the results presented in Chapter 7, it is not possible to find out
whether detection levels were too low, or whether aggression inhibiting effects declined
after the mice became familiarised with their enriched environment. Stress-related
parameters, however, indicated reduced levels of stress in enriched-housed conditions.
This implies that the husbandry changes as recommended in Chapters 4 and 6 may also
have beneficiary effects on the well-being of group-housed male mice in the long term.

Concluding considerations

An interesting phenomenon is that overall aggression levels were low in all experiments,
both in BALB/c mice and in the Swiss derived CD-1 mice. In Chapter 3, the highest
levels of aggression were observed, and several pairs of mice needed to be separated or
euthanized. In Chapter 5, in one group of three and several groups of five and eight mice,
animals were badly wounded. In Chapter 7, four CD-1 groups were badly wounded. In
three of the latter, aggression returned to acceptable levels after several weeks. In the other
experiments, all animals lived in harmonious groups. This is remarkable, since the general
presumption is that adult Swiss males will kill each other when group housed (Bisazza
1981). The experiments in which aggression remained within acceptable levels differed in
two aspects from the experiments in Chapters 3 and 5 and studies of others reporting high
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levels of aggression (cf. Parmigiani et al. 1999), namely group size and nature of
disturbances.

In Chapters 4-7, mice were housed in groups of three. As mentioned before, this thesis
provides evidence that housing male mice in groups of three clearly invokes less
aggression than in groups of five or eight mice, since the hierarchy in the latter groups
appears to be less stable. The combined results of Chapters 3 and 5 imply that housing in
groups of three would also invoke less aggression than pair housing. Evidence for this has
also been provided by Bisazza (1981), who observed severe fighting in pairs of Swiss mice,
while these mice had peacefully shared nests previously when they were housed in groups
of three. When male mice are housed in pairs, the subordinate male is the only animal at
which aggression can be directed. In groups of three mice, aggression can be directed at
two subordinates. These subordinates may find social support with each other that may
reduce the level of social stress they experience. Social support after encountering a
(socially) stressful situation appears to be essential for successful coping in animals as well
as in humans (Cowie 2000, Medalie 1985). Male rats that had been subjected to social
defeat without post-defeat social support developed depression-like behavioural and
physiological symptoms, while rats that were group-housed after social defeat, were
coping well (Ruis et al. 1999). Socially defeated mice living individually while the mouse
that defeated them lives opposite behind bars, are used as an animal model of depression
as well (Keeney & Hogg 1999), and mice that are socially housed immediately after surgery
appear to recover quicker than mice that are housed individually (Baumans, personal
observations).

With regard to the nature of disturbances, in most experiments described in this thesis,
animals were subjected to routine handling such as cage cleaning, weighing and a visual
daily check, and in some instances, a relatively short disturbance e.g. to obtain urine
samples non-invasively. In the experiment described in Chapter 3, however, pairs of mice
were removed from their home cage and physically separated for a period of 48 hours on
three occasions. Evidence exists that intermale fighting in mice increases with progressive
isolation, and that effects on social behaviour and aggression in both mice and rats already
become apparent after a period of 24h of isolation (Goldsmith et al. 1978, Cairns et al.
1985, Varlinskaya et al. 1999). Although the mice used in this experiment were not isolated
completely, they were unable to perform normal social behaviour during the periods of
separation. Furthermore, in this thesis the mice did not undergo frequent and/or very
stressful procedures. In general, however, more than 40% of the experiments conducted
with mice in the Netherlands involve stressful procedures, such as inducing traumatic
physical, chemical or psychological stimuli, inflammations or infections, subjection to
radiation, etc. The degree of discomfort for these mice is categorised as moderate to
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extremely severe (Ministry of Health, Welfare and Sport 2000). Mild disturbances such as
cage cleaning, already induce an increase in aggression between male mice (Gray & Hurst
1995, Chapters 4-7 of this thesis), and exposure to a repeated or even a single extreme
stressor may lead to excessive aggression (Pant & Nath 1993). Once excessive aggression
has arisen, it may not so easily return to normal levels. Therefore, refinement, in particular
minimising the number and duration of stressful procedures not only directly affects the
well-being of the animals, but also indirectly, by reducing the chance of triggering
excessive aggression.

Recommendations for the housing and care of male mice in laboratories

1. Individual housing of male mice should be avoided. If social housing of male mice is
not compatible with the experimental set-up, the provision of nesting material to
compensate, at least in part, for lack of social contact, is recommended (Chapters 2
and 3).

2. When cleaning the mice’ cages, material from the nesting area should be transferred to
the clean cage. These materials seem to contain aggression-reducing odour cues.
Transferring urine and/or faeces contaminated materials should be avoided, since
these may contain aggression-eliciting odour cues (Chapter 4).

3. Male mice can best be housed in groups of three animals. Larger group sizes may
decrease the chance of a stable hierarchy to develop, while pair housing may increase
aggression, and lack of social comfort may induce depression-like symptoms in the
subordinate mouse (Chapters 3 and 5).

4. When applying environmental enrichment, nesting material would be the enrichment
of choice. It provides the opportunity to indulge in species-specific behaviour. When
first introduced, it decreases intermale aggression, and, in the long term, it may help
the animals to better cope with stressful situations. (Chapters 6 and 7).

5. Disturbances during an experiment should be limited as far as practical since they may
create situations in which excessive aggression can arise (Chapter 3 and general
observations). Research is necessary to investigate how frequency, duration, type and
severity of disturbances influence the development of excessive aggression.
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In a laboratory environment, aggressive interactions between male mice may exceed
normal levels. This may constitute a problem with negative effects both on the well-being
of the animals and on the validity of experimental results. The purpose of this thesis was to
find practical solutions for coping with excessive aggressive behaviour in male laboratory
mice by investigating their social preferences and the effects of changes in housing and
management procedures on the level of aggression and stress.

Chapter 2 describes a series of experiments investigating the preference of subordinate
mice for their dominant cage mate and vice versa, either kin or nonkin, and the preference
of subordinate animals for an unknown subordinate partner. Results indicate that the
proximity of another male is preferred to individual housing, irrespective of dominance
status, kinship or familiarity. The preference tests described in Chapter 3 were designed to
gain more insight into the nature of intermale social contact and into the potential of
environmental enrichment (nesting material) to compensate for the lack of social contact.
Results indicate that male mice of all ages tested have a preference for social contact
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during rest periods, while during the active periods the preference for social contact
gradually increased with age. Furthermore, nesting material was highly preferred by mice of
all the ages tested.

The experiments described in Chapters 4, 5 and 6 explored the effects of olfactory cues,
group size, cage size and cage enrichment on aggressive behaviour and physiological
parameters in groups of male mice. Aggression peaks after disturbances such as cage
cleaning. Transfer of olfactory cues in cage cleaning procedures has repeatedly been
proposed as a means to reduce aggression, however, several scientific studies showed
adverse effects. In Chapter 4, a possible explanation for this apparent controversy is given:
transfer of nesting material reduced post-cleaning aggression significantly, while transfer of
sawdust containing urine and/or faeces seemed to intensify aggression. In Chapter 5 the
interdependency of cage size and group size effects on intermale aggression is described.
Results indicate a moderate increase of intermale aggression in larger cages when
compared to smaller cages. Furthermore, aggression in groups of eight animals was
considerably higher than in groups of three animals, as indicated by aggression levels of
both dominant and subordinate animals. In Chapter 6 the effects of two types of
environmental enrichment - nesting material and a shelter – on post cleaning and post
disturbance aggressive behaviour are described. Overall, nesting material reduced
aggressive behaviour, while a shelter increased aggressive behaviour compared to control
housing. This effect was also reflected in the number of wounds counted and several
stress-related physiological parameters.

In the experiment described in Chapter 7, measures that were previously found to reduce
aggression were combined and tested for their long term effect on aggression and
physiology in male mice of a moderately aggressive strain (BALB/c) and a severely
aggressive strain (CD-1). The most pronounced effects in behavioural as well as
physiological parameters were mainly found between strains. CD-1 mice were generally
more aggressive and less anxious than BALB/c mice. Although results did not indicate
strong effects of housing conditions on intermale aggression, several physiological
parameters of enriched-housed mice were indicative of a reduced stress response as
compared to control mice.

In Chapter 8 the results of all studies are evaluated and integrated into practical
recommendations concerning the housing and care of male laboratory mice. In short, it is
recommended to avoid individual housing, transfer odour cues from the nesting area
during cage cleaning and apply nesting material as environmental enrichment.
Furthermore, group-size should be optimised to three animals per cage, and research into
the effects of frequency, duration, type and severity of disturbances on excessive
aggression is recommended.
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Onder laboratoriumomstandigheden kan het niveau van agressie tussen groepsgehuisveste
mannelijke muizen dusdanig hoog zijn, dat het kan leiden tot welzijnsproblemen van de
dieren, en daarmee ook de validiteit van proefresultaten negatief kan beïnvloeden. Het doel
van dit proefschrift was tot praktische oplossingen te komen voor het probleem van
excessief agressief gedrag bij mannelijke laboratorium muizen. Hiertoe zijn de sociale
preferenties van de muizen onderzocht, alsmede de effecten van veranderingen in de
huisvesting en verzorgingsprocedures op de mate van agressie en stress.

Hoofdstuk 2 beschrijft een serie experimenten waarin de preferentie van submissieve
muizen voor hun dominante kooigenootje en andersom, en de preferentie van submissieve
muizen voor een onbekende submissieve partner is onderzocht. De resultaten wijzen uit
dat de nabijheid van een ander mannetje wordt geprefereerd boven individuele huisvesting,
onafhankelijk van sociale status, verwantschap of bekendheid. De preferentietest
beschreven in Hoofdstuk 3 is uitgevoerd om meer inzicht te verkrijgen in het soort sociale
contact, en om te onderzoeken of kooiverrijking (nestmateriaal) de afwezigheid van sociaal
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contact in individuele huisvesting deels zou kunnen compenseren. Resultaten wijzen uit
dat mannelijke muizen in de geteste leeftijden sociaal contact prefereren tijdens hun
rustperiodes, terwijl de preferentie voor actief sociaal contact toeneemt met de leeftijd.
Bovendien werd nestmateriaal door alle geteste muizen geprefereerd.

In de experimenten beschreven in Hoofdstuk 4-6 zijn de effecten van geursignalen,
groeps- en kooigrootte, en kooiverrijking op agressief gedrag en fysiologie van
groepsgehuisveste mannelijke muizen onderzocht. Na verstoringen zoals het verschonen
van kooien is over het algemeen een verhoging van agressie zichtbaar. Het overbrengen
van geursignalen tijdens het verschonen van kooien is verscheidene malen geopperd als
middel om deze verhoging te reduceren. Verschillende studies zijn hier echter mee in
tegenspraak. In Hoofdstuk 4 wordt een mogelijke verklaring hiervoor gegeven: het
overbrengen van materiaal uit het nest van de muizen verlaagt agressie na verschonen,
terwijl het overbrengen van zaagsel bevuild met urine en/of faeces de agressie versterkt. In
Hoofdstuk 5 zijn de effecten van groeps- en kooigrootte op agressie beschreven.
Resultaten wijzen uit dat in grotere kooien een kleine toename in agressie is waar te nemen
vergeleken met kleinere kooien. Verder vertoonden zowel dominante als submissieve
muizen in groepen van acht muizen aanzienlijk meer agressie dan in groepen van drie
muizen. In Hoofdstuk 6 zijn de effecten van twee soorten kooiverrijking – nestmateriaal
en een shelter – op agressie en stress beschreven. Over het algemeen verlaagde
nestmateriaal de mate van agressie, terwijl de shelter juist een verhoging van agressie
teweegbracht in vergelijking met controlehuisvesting. Dit verschil werd ook weerspiegeld
in het aantal wonden en in een aantal stress-gerelateerde parameters.

In het experiment, beschreven in Hoofdstuk 7, zijn de aanpassingen in de huisvesting die
in eerdere studies agressie-verlagend leken te werken, gecombineerd en getest op hun lange
termijn effect. Hierbij werden mannelijke muizen van een gemiddeld agressieve stam
(BALB/c) en een zeer agressieve stam (CD-1) vergeleken. De grootste verschillen in
gedrag en fysiologie werden gevonden tussen de stammen. De CD-1 muizen waren in het
algemeen agressiever en minder angstig dan BALB/c muizen. Alhoewel het agressieniveau
niet in sterke mate werd beïnvloed door de huisvestingscondities, wezen verschillende
fysiologische parameters uit dat verrijkt gehuisveste muizen een verlaagde stress respons
vertoonden in vergelijking met standaard gehuisveste muizen.

In Hoofdstuk 8, tenslotte, zijn alle experimenten geëvalueerd en zijn de resultaten
geïntegreerd in praktische aanbevelingen aangaande de huisvesting en verzorging van
mannelijke laboratoriummuizen. Kort samengevat kan gesteld worden dat het aanbeveling
verdient om individuele huisvesting te vermijden, materiaal uit de nestplaats over te
brengen tijdens het verschonen van kooien en nest materiaal aan te bieden als
kooiverrijking. Met betrekking tot de groepsgrootte geldt een optimum van drie dieren per
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kooi. Onderzoek naar de effecten van frequentie, duur, soort en mate van verstoringen
gedurende een experiment zou in belangrijke mate kunnen bijdragen aan het terugdringen
van excessieve agressie bij mannelijke laboratoriummuizen.





155

F i r s t  a u t h o rF i r s t  a u t h o rF i r s t  a u t h o rF i r s t  a u t h o r

xVan Loo PLP, Van de Weerd HA, and Baumans V 1996 Short and long term influence of an
easy applicable enrichment device on the behaviour of the laboratory mouse. Scandinavian Journal of
Laboratory Animal Science, Proceedings of the 11th ICLAS General Assembly and Joint Conference
of ICLAS, Scand-LAS, and FinLAS, July 2-6 1995, Helsinki, Finland, 126-131

xVan Loo PLP, Everse LA, Bernsen MR, Baumans V, Hellebrekers LJ, Kruitwagen CLJJ and
den Otter W 1997a Analgesics in mice used in cancer research: reduction of discomfort?
Laboratory Animals 31, 318-325

xVan Loo PLP, Everse LA, Bernsen MR, Baumans V, Hellebrekers LJ, Kruitwagen CLJJ and
den Otter W 1997b Do analgesics benifit mice used in cancer research? Proceedings of the 6th
FELASA symposium 1996, Basel, 28-30

xVan Loo PLP and Baumans V 1998 Preference of subordinate male mice for their dominant
cage mate. Aktuelle Arbeiten zur artgemäßen Tierhaltung 1997, Schrift 380, 45-52



156

xVan Loo PLP, Kruitwagen CLJJ, Van Zutphen LFM, Koolhaas, JM and Baumans V 2000
Modulation of aggression in male mice: influence of cage cleaning regime and scent marks. Animal
Welfare 9, 281-295

xVan Loo PLP, Mol JA, Koolhaas JM, Van Zutphen LFM, and Baumans V. 2001 Modulation of
aggression in male mice: influence of group size and cage size. Physiology & Behavior 72, 675-683

xVan Loo PLP, De Groot AC, Van Zutphen LFM and Baumans V. 2001 Do male mice prefer
or avoid each other’s company? - Influence of hierarchy, kinship and familiarity. Journal of Applied
Animal Welfare Science 4(2), 91-103

xVan Loo PLP, Kruitwagen CLJJ, Koolhaas JM, Van de Weerd HA, Van Zutphen LFM,
Baumans V 2001 Influence of cage enrichment on aggressive behaviour and physiological
parameters in male mice. Applied Animal Behaviour Science, accepted

C o - a u t h o rC o - a u t h o rC o - a u t h o rC o - a u t h o r

xBulthuis RJA, Bergman AF, Nijessen S, Schlingmann F, Tolboom J, Remie R, Van de Weerd HA,
Van Loo PLP, Baumans V, Van Zutphen LFM 1997 Automated behaviour classification: the
LABORAS project. Proceedings of the 6th FELASA symposium 1996, Basel, 17-18

xMatthys W, Van Loo P, Pachen V, De Vries H, Van Hooff J, Van Engeland H 1995 Behavior
of conduct disordered children in interaction with each other and with normal peers. Child
Psychiatry and Human Development, 25(3), 183-195

xVan de Weerd HA, Van Loo PLP, Van Zutphen LFM, Koolhaas JM, Baumans V 1997a
Preferences for nesting material as environmental enrichment for laboratory mice. Laboratory Animals
31, 133-143

xVan de Weerd HA, Van Loo PLP, Van Zutphen LFM, Koolhaas JM, Baumans V 1997b
Nesting material as environmental enrichment has no adverse effects on behavior and physiology of
laboratory mice. Physiology & Behavior 62(5), 1019-1028

xVan de Weerd HA, Van Loo PLP, Van Zutphen LFM, Koolhaas JM, Baumans V 1998a
Preferences for nest boxes as environmental enrichment for laboratory mice. Animal Welfare 7, 11-25

xVan de Weerd HA, Van Loo PLP, Van Zutphen LFM, Koolhaas JM, Baumans V 1998b
Strength of preference for nesting material as environmental enrichment in laboratory mice.
Applied Animal Behaviour Science 55, 369-382

xVan de Weerd HA, Baumans V, Van Loo PLP, Van Zutphen LFM. Environmental enrichment
for laboratory mice: short and long term evaluation 1998 Proceedings of the 2nd World congress on
Alternatives, Utrecht 1996 193-197



157

Pascalle Leonie Petra van Loo was born on April the 22nd, 1969 in Heerlen. In June 1987
she graduated from secondary school (Gymnasium-B) at the Bernardinus College in
Heerlen. In August of the same year she started to study Biology at Utrecht University. She
graduated in 1993 with main topics in Ethology & Psychiatry and Ethopharmacology. In
the Academic year 1993/94, she studied Applied Animal Behaviour and Animal Welfare at
the University of Edinburgh, Scotland. The research training for this study was conducted
at the Department of Laboratory Animal Science at Utrecht University. In the following
year she worked as a research fellow at the same department and in January 1996 she
started the research described in this thesis under supervision of Dr V Baumans and Prof
Dr LFM van Zutphen. Pascalle is married to Cas Kruitwagen and they have two beautiful
daughters, Ilse and Judith.





Na bijna 6 jaar van hard werken, af en toe een tegenslag, emotionele momenten, maar
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S t e l l i n g e nS t e l l i n g e nS t e l l i n g e nS t e l l i n g e n

1. Door onderzoekers meer te betrekken bij de verzorging van hun proefdieren voorkom
je dat zij hun proefdieren beschouwen als biologische reageerbuizen.

2. Wanneer meer onderzoekers experimentele handelingen aan proefdieren vooraf op
haalbaarheid zouden toetsen bij dierverzorgers en biotechnici, zou het werk van de
Dier Experimenten Commissie aanzienlijk verlicht worden.

3. De aaibaarheid en economische waarde van een proefdier zijn negatief gecorreleerd
met het aantal proefdieren dat men nodig denkt te hebben om statistisch significante
resultaten te boeken.

4. Wetenschap zonder dierproeven is een illusie, tenzij we de wet veranderen: dan is het
een gegeven waarmee we allemaal leren leven.

5. Wanneer minstens de helft van het budget bestemd voor dierwetenschappelijk
onderzoek wordt besteed aan de ontwikkeling van proefdiervrije alternatieven, komt
een volledig dierproefvrije wetenschap in de 21ste eeuw binnen handbereik.

6. Het observeren van diergedrag op video is behoorlijk lopende band werk.

7. Tijdens het monotoon verzamelen van bergen wetenschappelijke data, komen de
meest creatieve wetenschappelijk ideeën tot rijping.

8. De faculteit diergeneeskunde beoogt een meer academisch gericht curriculum voor
haar studenten. Dat zij niet geheel wil afstappen van haar schoolse karakter blijkt uit de
invoering van een tijdregistratiesysteem voor haar medewerkers.

9. Het krijgen van kinderen is een welkome afleiding in het bestaan van een AiO.

10. Wie het opvoeden van kinderen kan combineren met het voltooien van een
proefschrift geeft blijk van een grote mate van flexibiliteit en vindingrijkheid.

11. In conflictsituaties is de uitdrukking ‘even goede vrienden’ een dooddoener, want
‘even’ duurt nooit lang.

12. Als je positief in het leven staat, promoveer je fluitend.

Stellingen behorend bij het proefschrift “Male Management – Coping with aggression
problems in male laboratory mice” door Pascalle van Loo

Utrecht, 2001
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