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Simple summary: Wild mice live in territories inhabited by one adult male, females and their 13 
offspring.  This cannot be replicated in the laboratory, so male mice are usually housed in single-sex 14 
groups or individually. However, there can be serious animal welfare problems associated with both 15 
these approaches, such as lack of social contact when housed individually or aggression between 16 
males when kept in groups. Group housing is widely recommended to give male laboratory mice the 17 
opportunity to behave as ‘social animals’, but social stress can be detrimental to the welfare of these 18 
animals, even without injurious fighting. All of this can also affect the quality of the science, giving 19 
rise to ethical concerns. This review discusses whether it is in the best welfare interests of male mice 20 
to be housed in groups, or alone. We conclude that it is not possible to give general recommendations 21 
for good practice for housing male laboratory mice, as responses to single-and group-housing can be 22 
highly context dependent.  The welfare implications of housing protocols should be researched and 23 
considered in each case.  24 

Abstract: It is widely recommended to group house male laboratory mice because they are ‘social 25 
animals’, but male mice do not naturally share territories and aggression can be a serious welfare 26 
problem. Even without aggression, not all animals within a group will be in a state of positive welfare. 27 
Rather, many male mice may be negatively affected by the stress of repeated social defeat and 28 
subordination, raising concerns about welfare and also research validity. However, individual 29 
housing may not be an appropriate solution, given the welfare implications associated with no social 30 
contact.      31 

An essential question is whether it is in the best welfare interests of male mice to be group- or 32 
singly-housed. This review explores the likely impacts, positive and negative, of both housing 33 
conditions, presents results of a survey of current practice and awareness of mouse behaviour, and 34 
includes recommendations for good practice and future research. 35 

We conclude that whether group- or single-housing is better (or less worse) in any situation is highly 36 
context-dependent according to several factors including strain, age, social position, life experiences, 37 
and housing and husbandry protocols. It is important to recognise this and evaluate what is preferable 38 
from animal welfare and ethical perspectives in each case.   39 

Keywords: refinement; mouse welfare; mouse husbandry; mouse aggression; male mice; social 40 
organisation; group housing; single housing; animal husbandry; animal welfare; animal management  41 
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1. Introduction 43 

It is increasingly accepted that, if animals are able to achieve their wants and needs, they will be less 44 
stressed, with better welfare, which will lead to more valid, translatable science [1–5]. This is reflected 45 
in legislation, e.g. the European Union (EU) Directive regulating the care and use of animals in research 46 
and testing requires Member States to ensure that ‘any restrictions on the extent to which an animal can 47 
satisfy its physiological and ethological needs are kept to a minimum’ [6]. Some needs are well-evaluated and 48 
simple to address, such as the provision of adequate nesting material [7,8], but others are less 49 
straightforward – and we believe that the social ‘needs’ of male mice fall into the latter category. 50 

In this paper, we describe the natural social behaviour of the male mouse, explain why this cannot 51 
feasibly be replicated in the laboratory, and discuss the pros and cons of different housing protocols, 52 
broadly divided into ‘individual’ and ‘group’ housing. The fundamental issue we consider is whether 53 
it is in the best welfare interests of male mice to be housed together, or alone. Aggression is a primary 54 
consideration when housing mice in general [9] and injurious aggression, or the lack of this, is 55 
frequently used as the primary indicator of success when group housing male mice [9–12].  However, 56 
the absence of aggression does not, in itself, mean that all the animals within a group are in a state of 57 
positive welfare. This review discusses the likely impacts, positive and negative, of single and group 58 
housing, identifying potential welfare indicators to enable better informed decision making regarding 59 
housing protocols. 60 

We also include some results from a survey of people directly involved in housing, caring for and 61 
using male mice in the laboratory, which aimed to explore current practice, awareness of mouse 62 
behaviour, and aspirations for mouse housing. Finally, we propose some action points for good practice 63 
on the basis of current knowledge, and pose some research questions, all for consideration by scientists, 64 
animal technologists, regulators, animal care and use committees (such as the UK Animal Welfare and 65 
Ethical Review Body, or AWERB), and funding bodies. 66 

1.1 The survey of current practice 67 

Briefly, a survey was designed using Google forms, which ran throughout April 2017, and was 68 
circulated via social media, colleagues in the field and online discussion forums. It was aimed at a range 69 
of stakeholders including scientists, animal technologists, veterinarians and members of AWERBs, with 70 
the objectives of ascertaining current practice, welfare issues and views regarding housing male mice. 71 
There were 147 responses, mainly from the UK, with most respondents identifying themselves as 72 
animal technologists (79 people), Named Animal Care and Welfare Officers (43), AWERB members (39) 73 
or scientists (29) (more than one response was permitted to this question). Most worked in universities 74 
(82 respondents) with large numbers of animals; almost 30 % of people worked in facilities with over 75 
10,000 mice. The survey, with more detail regarding the responses, is set out in Appendix A, and some 76 
relevant results are included within the rest of this paper. 77 

2. Natural mouse behaviour 78 

Free-living mice from which laboratory strains were derived (Mus musculus) form territories, with 79 
each territory inhabited by a deme (or small population) comprising a dominant male, several females 80 
and their pups and non-dispersing juveniles [13]. Territory size depends on food availability and 81 
population density, with home ranges varying from a few square metres for commensal demes 82 
inhabiting areas around human dwellings (e.g. farms, buildings, food stores; [14]) up to several square 83 
kilometres for colonies in natural habitats and not living commensally with humans [15,16]. Sexually 84 
mature males either disperse or stay to inherit the parental territory, depending on population density 85 
and the size and aggressiveness of each young male [13]. Smaller males usually disperse and often 86 
become non-territory holders [17]. Resident males are highly intolerant of intruders, or other dominant 87 
males who try to compete for territory, and the presence of a stranger provokes persistent chasing and 88 
aggressive behaviour in the territory holder [18–20]. Communication through scent cues deposited in 89 
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the environment is particularly important in maintaining social systems, enabling animals to recognise 90 
individuals, their social status and the territory they inhabit [21].    91 

Although laboratory mice have been bred (and usually inbred) in captivity for many generations, 92 
there is a strong likelihood that the above behaviours may still be innate.  Studies in domesticated 93 
species have demonstrated that wild-type behaviours continue to be expressed under naturalistic 94 
conditions, e.g. nest building behaviour in sows [22] and exploration behaviour in laboratory rats [23]. 95 
In the latter example, laboratory rats released into a semi-wild environment rapidly expressed many 96 
wild-type behaviours, and there is convincing evidence that domestication has also left the natural 97 
behaviour of mice largely unchanged [16,24]. This is likely to have implications for the ability of 98 
laboratory mice to satisfy their physiological and ethological needs in ‘standard’ laboratory housing, 99 
the design of which is strongly influenced by human requirements for standardisation, ease of cleaning 100 
and manageable economic costs [3]. 101 

On this issue, the survey asked whether respondents believed that ‘male mice naturally prefer to 102 
live with other mice’. From a total of 147 respondents, 120 answered ‘yes’, 20 answered ‘no’ and 7 did 103 
not know. This suggested a reasonable level of awareness of natural mouse behaviour amongst 104 
respondents, with 72 of 147 selecting the correct response that male mice in the wild live with a group 105 
of female mice and their offspring, while 58 believed that they lived with a group of other males and 106 
females, with their offspring.  107 

3. Codes of Practice for mouse housing, husbandry and care 108 

Recognising that wild mice have a complex social organisation in which a territory is inhabited by 109 
one adult male, females and their offspring, most Codes of Practice classify Mus musculus as a ‘social 110 
species’ and recommend that laboratory mice are kept in stable groups, regardless of gender. For 111 
example, the UK Home Office Code of Practice advises that, for all rodents, ‘gregarious species should be 112 
group-housed as long as the groups are stable and harmonious – social housing is vitally important to the welfare 113 
of social species and strains’. It also mentions that it may be difficult to achieve harmonious groups of 114 
males of some strains of mice due to the risk of aggression, suggests that expert advice is sought in 115 
order to group these successfully, and permits single housing if adverse effects or injuries are likely 116 
([25] Section 3, chapter 2, para 1.3.1; see also [26]). The US Guide states that ‘single housing of social species 117 
should be the exception’ but does note that ‘in some species, social incompatibility may be sex biased; for example, 118 
male mice are generally more prone to aggression than female mice’, before listing ways of reducing the risk 119 
of social incompatibility [27]. 120 

3.1. Do Codes of Practice reflect ‘natural’ mouse behaviour? 121 

The default position within the above Codes of Practice that social species should be group housed 122 
is undoubtedly both humane and ethical, with provisos relating to appropriate group formation, 123 
consistency and surveillance, in the context of a good quality and quantity of space. However, it is 124 
unclear to the authors how the term ‘social’ ought to be defined for male mice. Presumably, the 125 
preferred housing protocol from the male mouse’s perspective would be with a harem of females, 126 
incorporating sufficient space for juvenile male offspring to be driven away – which is not feasible in 127 
research and testing laboratories for obvious reasons. As the male mouse is pre-adapted to live with 128 
other mice, does this necessarily mean that living with other males is the next best thing?   129 

Most survey respondents believed that male mice should, ideally, be group housed in the laboratory 130 
(123 people, as opposed to 12 who disagreed), but there is debate about this.  Some researchers have 131 
suggested that housing male mice together is not natural, and may be stressful, as male mice do not 132 
share territories in the wild [18–20]. Free-living male mice are also rarely subjected to the stress of social 133 
defeat, as they tend to be territorially isolated [28], whereas artificially group-housed males may be 134 
socially defeated many times every day. In contrast, others argue that aggression is a natural behaviour, 135 
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whereas living alone is not [29]. Encountering these differing viewpoints prompted the authors to 136 
undertake this review. 137 

3.2 Animal welfare, scientific and ethical implications 138 

The debate on male mouse housing deserves consideration for several reasons.  Although 139 
aggression is indeed a natural behaviour, in the confines of standard laboratory housing injurious 140 
aggression between male mice can cause severe stress, pain or even death (reviews in [9,12]). This is a 141 
fundamental concern with respect to group housing male mice, although it is not the only welfare issue.   142 

The occurrence of repeated social defeat, unnatural despot/subordinate social groups, and 143 
differences in physiology and behaviour between dominant and subordinate male mice, all raise 144 
concerns about the welfare of group-housed male mice (particularly subordinates), even in the absence 145 
of fighting that causes significant injury. Whatever the apparent level of aggression, an individual’s 146 
position in the hierarchy can also have wide-reaching effects, as there is evidence that subordinate male 147 
mice differ in their physiology and behaviour from dominant males (reviewed in [28,30]), which may 148 
also negatively affect the welfare of the subordinate individuals.  149 

However, the welfare of individually housed male mice may be significantly diminished by the 150 
complete lack of social interactions [29]. The central question is therefore whether, all things considered, 151 
male mice are likely to have a better welfare when housed either individually or in groups.  152 

Housing that does not permit desirable natural behaviours, or causes stress, can also introduce 153 
confounds that will affect the quality of the science (see section 4; [31];[32]). This is a serious ethical 154 
issue, because experimental results with poor validity, reproducibility and translatability waste 155 
animals’ lives, as well as hampering medical progress if the purpose of the study is applied medical or 156 
veterinary research [2,33,34]. There are also implications for staff who are interested in promoting a 157 
good ‘culture of care’ at the establishment, if they feel that the housing protocols do not afford animals 158 
an acceptable quality of life. 159 

3.3. The concept of ‘quality of life’ 160 

How do we define and assess an animal’s quality of life? Emotional (affective) states (relatively long-161 
lasting mental ‘mood’ states that last longer than the rapid emotional responses or feelings that are 162 
induced by a stimulus) are viewed as critical determinants of animal well-being [35–42]. If emotions 163 
are considered to be states induced by ‘rewards’ and ‘punishers’ [43], then chronic or multiple 164 
exposures to a reward or punisher leads to a positively valenced (good) affective state or negatively 165 
valenced (poor) affective state respectively. These affective states can be thought of as comprising 166 
behavioural, physiological and subjective components (e.g. [44–47]).  167 

Although subjective components cannot be measured, affective states can be inferred by measuring 168 
the other components – behaviour and physiology – as ‘proxy indicators’.  Some of these indicators of 169 
affect have not been validated specifically, but they are often observed in association with situations 170 
that at least appear to be rewarding or punishing.    171 

In light of the above, good animal welfare should be defined not only as the absence of negative 172 
emotional experiences, but also in terms of opportunities to experience positive emotions [39,47,48]. An 173 
animal is said to have ‘a life worth living’ when positive experiences outweigh negative experiences, 174 
and it is good practice to go beyond this and endeavour to facilitate a ‘good life’ for animals [49,50].  175 

One approach to promoting a ‘good life’ is to provide laboratory animals with stimuli that meet 176 
their ‘species-specific’ needs, including environmental complexity and social stimuli for social animals 177 
[3,51,52]. This should enable them to engage in behaviours that they are highly motivated to perform, 178 
such as social exploration and bonding which, as indicated in our operational definition, are likely to 179 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 October 2017                   doi:10.20944/preprints201710.0150.v1

http://dx.doi.org/10.20944/preprints201710.0150.v1


  
 

5 
 

induce positive affective states [43,47]. However, is it correct to think in terms of ‘species-specific’ needs 180 
with respect to sociality in male mice, or are their requirements in fact also gender-specific? 181 

4. Benefits and harms of individual and group housing for male mice 182 

This section aims to explore the current state of knowledge regarding sociality in male mice, 183 
drawing together literature that will help to better inform decision-making with respect to housing 184 
male mice, presented as benefits and harms of individual and group housing.   185 

4.1. Benefits of individual housing for male laboratory mice 186 

Clearly, individually housed male mice will never be attacked by another animal.  In the literature, 187 
avoiding aggression is viewed by some experts as the only acceptable reason for individual housing 188 
(Vera Baumans quoted in [29]), for example if mice have been subjected to aggressive attacks, injuries 189 
or repeated social defeat. The most commonly given justification for singly housing male mice in our 190 
survey was because the individual animals had been aggressors or victims (Table 1 lists additional 191 
reasons). Removal from housing that had permitted these distressing experiences will clearly be 192 
beneficial. 193 

Table 1. Reasons given by survey respondents for singly housing male mice. 194 

Justification for single housing Number of responses 
Those individuals have been aggressors or victims 122 
For scientific reasons - studies that require single housing 100 
For procedure-related reasons (e.g. exteriorised devices) 71 
Those strains are especially aggressive 38 
This is routine housing for all male mice, to prevent aggression 9 
That is how male mice prefer to be housed, according to their 
natural behaviour 

3 

Don't know 3 
Legend: more than one response could be selected; 358 answers were selected by 147 people. 195 

Although this review addresses ‘male mice’ in general, it is also important to recognise that the 196 
likelihood of aggression can vary between strains. For example, Bisazza (1981) [53] found that social 197 
structure and behaviour, including aggression, in group-housed adult males differed greatly between 198 
strains. Swiss outbred males were highly intolerant of each other and established individual territories, 199 
whereas male BALB/c mice seemed more socially tolerant, formed groups that were organised into 200 
hierarchies, shared the same cage and slept together in the same nest. In groups of C57BL/6 male mice, 201 
no fighting was observed and the mice appeared to live together without hierarchical organisation [53]. 202 
This between-strain divergence in social organisation may be the result of differences in behavioural 203 
ecology of the wild ancestors of laboratory mice; for example, males of the Mus musculus domesticus 204 
subspecies are more aggressive than those of the Mus musculus musculus subspecies [54]. Although most 205 
inbred strains used in the laboratory derive from the musculus subspecies, both genetic alteration and 206 
selective breeding for high (e.g Turku Aggressive TA) and low (Turku Nonaggressive TNA; [55]) 207 
aggressiveness may have led to modifications in the social behaviour of different strains (see [56]). For 208 
instance, genotype-dependent differences in the level of social affiliation have been found in DBA and 209 
C57BL/6 mice, both musculus subspecies [57]. DBA mice were more likely to stay close to a familiar cage 210 
mate (within a 2.5 cm radius) in the middle area of an open field test, whereas C57BL/6 mice showed 211 
less affiliative behaviour [57]. Contrasting social behaviour (e.g. exploration, huddling, aggression) 212 
between males of the C57BL/6 strain and males of the BALB/c strain, the former spent significantly 213 
more time and also engaged more frequently in social interactions with an unknown stimulus mouse 214 
than the latter [58].   215 
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Of 144 respondents to our survey, there was an approximately 50:50 division between those who 216 
answered ‘yes’ and ‘no’ to the question ‘in your experience, are the males of some strains too aggressive 217 
to group house?’ (73 and 71 respectively). An analysis of these responses according to the age at which 218 
mice are grouped suggests that this may be a factor, as responses agreeing that males of some strains 219 
are not too aggressive to group house appear to be associated with grouping as littermates (shaded 220 
cells of Table 2). When asked which strains were too aggressive to group house, the most common 221 
responses were Balb/c (20 respondents), C57Bl/6 (17), ‘transgenic/GA’ (n=11), FVB (8), SJL (7) and CD1 222 
(3).  Interestingly, C57Bl/6 and BALBc are often characterised as low/moderately aggressive [59–61]. 223 

Table 2. Perceptions that some strains are too aggressive to group housing against age at grouping. 224 

Life stage at which males are 
grouped 

Yes, males of some strains are 
too aggressive to group house 

No, males of some strains are 
not too aggressive to group 
house 

Pre-‘weaning’ as littermates 17 29 
When they are separated from 
the dam (‘weaning’) 

60 52 

Post ‘weaning’ 14 17 
Legend: We use the term ‘weaning’ because this is widely understood, but in practice this refers to maternal 225 
separation as the mouse pups are permanently removed from the dam. 226 
 227 

Observations such as those made by Bisazza (1981) [53] suggest that male mice of strains with a high 228 
propensity to fight (e.g. FVB and Swiss/CD-1) may benefit most from individual housing [62,63], as 229 
repeatedly sustaining fight wounds will be painful and distressing. Although providing male mice of 230 
more aggressive strains with the opportunity to establish their own territories through individual 231 
housing may be compatible with natural behaviour in some respects, the absence of any other 232 
conspecifics at all, with no other signs of their presence such as urine marks of neighbouring males [21], 233 
is clearly not what males would experience in a natural territory (discussed in the next section). 234 
Whether, and to what extent, this is a welfare issue has not been evaluated to our knowledge. However, 235 
reviewing behavioural and physiological consequences of individually- and group-housing male mice, 236 
Brain (1975) [28] proposed that individual housing resulted in a low rather than high stress condition, 237 
perhaps because of the absence of challenge [28]. Hence, we can tentatively suggest that providing male 238 
mice with their own territory through individual housing, so they can effectively ‘secure’ alpha status, 239 
may be the right thing to do in aggressive strains that organise themselves in this way [63]. 240 

Individually housing male mice after they have been used for breeding seems to be more common 241 
practice, as expressed by some survey respondents. The experience of breeding promotes aggression, 242 
making it nearly impossible to regroup males post-mating without aggressive behaviour and 243 
associated consequences [21].   244 

4.2. Harms of individual housing for male laboratory mice 245 

Individual housing has many effects on the behaviour and physiology of social animals [51,64,65]. 246 
In male mice, effects that have been noted include changes in behavioural, neuro-endocrinological and 247 
neuro-physiological parameters (see [12]). More specifically, social isolation been shown to induce 248 
changes in corticosterone levels, the immuno-response [66], neurochemistry, drug metabolism and 249 
reproduction (reviews in [28,62,67]). For example, when compared with male mice housed in pairs with 250 
ovariectomised females, individually housed males showed increased heart rate during periods of low 251 
and high motor activity and had more, but shorter, resting bouts, indicating disruption of the normal 252 
circadian sleep pattern [68]. 253 

Nevertheless, the extent to which these changes indicate poor welfare has been debated. Reviewing 254 
the effects of individual housing on mouse physiology and behaviour, Krohn et al. (2006) [67] argued 255 
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that differences in these measures were of insufficient magnitude to have a significant impact on 256 
welfare. They suggested that any negative effects might be resolved, for example, through 257 
improvements in (non-social) enrichment. These findings agree with earlier studies which also failed 258 
to find convincing evidence that individual housing is deleterious [69]. However, the conclusions of 259 
Krohn et al. (2006) [67] were hampered by the lack of standardised studies and variations in study 260 
design, test protocols and housing conditions (e.g. stocking density, cage sizes and animal numbers), 261 
making it difficult to draw convincing conclusions about welfare implications [67].  262 

More recent studies have investigated links between individual housing and measures designed to 263 
assess affective states that are anxiety- or depression-‘like’. For example, socially deprived male mice 264 
exhibited increased anxiety and depressive-like behaviours in standard behavioural tests such as the 265 
open field test, elevated plus maze, forced swim test and sucrose preference test, accompanied by 266 
higher levels of corticosterone and reduced brain BDNF levels (brain-derived neurotropic factor, a 267 
protein responsible for growth and survival of neurons; [70]). Mice in this study also showed increased 268 
frequency of self-grooming in the open field test, which has been suggested to reflect negative affect; 269 
indeed, self-grooming in rodents has been proposed as a relevant parameter for ‘modelling’ 270 
neuropsychiatric disorders in humans [71]. Although reports on self-directed behaviours in mice are 271 
sparse, the incidence of hair pulling (barbering) in laboratory mice, a type of abnormal repetitive 272 
behaviour, has been evaluated by Garner et al. (2004) [72] in a cross-sectional epidemiologic survey of 273 
a population of 2,950 animals. The incidence of self-directed barbering was 5.7% for 88 singly-housed 274 
mice and 0.6% in 1,981 group-housed mice, suggesting that singly-housed mice were more distressed. 275 
However, the incidence of partner-directed barbering in group housing was 7.5%, indicating that this 276 
behaviour is a problem in both single and group housing conditions, and female mice tended to 277 
perform this behaviour more often than male mice [72].  278 

Further evidence that single housing is deleterious to male mice lies in the fact that depriving male 279 
mice of any kind of social stimulation post ‘weaning’ (including auditory, olfactory and visual cues) is 280 
commonly used to generate mouse ‘models’ simulating neurological and psychological disorders in 281 
humans, e.g. depression and anxiety [73] or schizophrenia [74]. The consequences of the ‘social isolation 282 
syndrome’ in mice described by [75], comprising altered behavioural and neurochemical functions, 283 
clearly show that an inability to socially interact with conspecifics is likely to have a deleterious effect 284 
on the affective state of a social animal.   285 

On balance, individual housing is therefore not recommended as a standard protocol. However, 286 
where harmonious grouping is not possible, providing male mice with a more suitable environment 287 
through single housing may be more favourable from the animals’ perspective.  288 

4.3. Benefits of group housing for male laboratory mice 289 

As mentioned previously, there is an argument that aggression is part of natural social behaviour, 290 
whereas living alone is not, and if this school of thought is followed then male mice should generally 291 
be housed in groups [29]. The argument that the ‘freedom to perform natural behaviour’ is important 292 
for good welfare (e.g. [37]) is strengthened if evidence can be provided for its positive influences on 293 
physiological function and affective states. Indeed, interactions with conspecifics are essential for the 294 
welfare of social individuals, and this is facilitated by ensuring that the group is stable and of an 295 
appropriate composition [52]. For example, active engagement in social behaviours and activities by 296 
one animal can be a valuable source of novel stimulation, e.g. scent marking or digging can elicit 297 
exploration by other individuals [51,52]. 298 

Assessing the motivation for social contact can provide potentially powerful evidence for the 299 
welfare value of social housing to laboratory mice, because a stimulus that an animal is motivated to 300 
‘work’ to obtain is rewarding, and associated with positive affective states. Male mice do show 301 
motivation for social contact with other males; Van Loo et al. (2001) [76] reported that both subordinate 302 
and dominant BALB/cAnNCrlBR males, given a choice between a cage allowing visual and olfactory 303 
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contact with their familiar cage mate or an empty cage, made their nests near their cage mate. This 304 
implied that they actively sought their proximity. This observation may be slightly surprising in view 305 
of the territorial nature of wild house mice and their tendency to exclude other males, and it remains 306 
unclear whether the dominants chose close proximity for company or control [76], nor is it understood 307 
why subordinates also opted for proximity. Group-housed males of this strain often inflict wounds to 308 
the tail and back of subordinates, but the male mice in this study had lived successfully together for a 309 
relatively long time, which may explain the results [76].  310 

In the above study, the preference for company did not differ between littermates and non-311 
littermates, but subordinates tested with an unknown conspecific of the same social status only showed 312 
a significant preference for the inhabited cage when lights were on, i.e. during the inactive period for 313 
these nocturnal animals. This suggested that familiarity – but not kinship – may be the main motivator 314 
for their social preference, so unfamiliar mice may sleep together but spend less time together when 315 
active [76].  316 

Preference for social contact also appears to be linked to age [61]. The need for social contact during 317 
active periods seemed to increase in older male mice (BALB/c strain, 36 to 37 weeks of age) when 318 
compared with male mice of 6 to 7 weeks old. More time was spent exploring, and engaged in 319 
behaviours directed towards, a partition separating two familiar cage mates when the next-door cage 320 
was an inhabited cage than when it was empty [61].  321 

However, when presented with the choice between social contact or nesting material, both young 322 
and old males exhibited a significant preference for nesting material over restricted contact with the 323 
familiar cage mate when they were engaging in sleep and sleep-related behaviours.  This indicated a 324 
preference for thermal comfort and security during inactive periods. However, males strongly 325 
preferred each other’s company over individual housing and, when in full social contact, always nested 326 
together irrespective of social status [61].  327 

Other research has shown that mice will work to gain access to a social partner, further indicating 328 
that they value companionship [77,78]. In these studies, mice released into a barren cage were able to 329 
access different resource cages, one of them containing a social partner, despite incurring increasing 330 
costs to attain these (e.g. lengthening transverses of shallow water, which is aversive to mice). However, 331 
is unclear whether visits to the social partner were motivated solely by the need for social interaction, 332 
or also by the need to patrol the area and access all available resources (e.g. food, shelter and space, 333 
[77,78]).  334 

Likewise, male mice of different genetic backgrounds (C57BL/6J, DBA/2J, FVB/NJ, and B6129PF2/J 335 
hybrids strain) spent significantly more time in a chamber containing a stranger than in an empty 336 
chamber, and also expressed a preference for social novelty by choosing to spend more time with a 337 
stranger than with a known partner [79,80]. These responses may be strain-specific, as others have 338 
reported that socially housed male C58/J mice showed lower motivation to approach a stranger mouse 339 
than male C57BL/6J mice [81].  340 

To ascertain whether mice showed motivation for social contact outside the contexts of competition, 341 
reproduction, parental care or territoriality, Panksepp & Lahvis (2007) [82] utilised a social conditioned 342 
place preference (SCPP) task in which juvenile mice (A/J, C57BL/6J, DBA/2J and BALB/cJ; 30-31 days of 343 
age) learned to associate environmental stimuli (two different types of litter) with either mixed-gender 344 
social housing or social isolation. Juvenile A/J, C57BL/6J and DBA/2J mice approached and explored 345 
the stimulus signalling social contact to a greater degree than those associated with no social contact, 346 
indicating that social contact was desirable and the opportunity for social approach was perceived as 347 
rewarding [82]. However, juvenile mice from the BALB strain exhibited a significantly lower response 348 
to the above social conditioned place preference. These strain differences between BALB and C57BL/6J 349 
mice persisted when both were tested in a mixed-strain social group. This study is interesting in that, 350 
following the rationale of conditioned place preference studies, it suggests that most mouse strains 351 
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associated environmental cues linked to the presence of conspecifics with a more positive affective state 352 
than cues linked to social isolation.  353 

In another conditioned place preference study, subordinate CD-1 males were found to prefer cues 354 
paired with the scent of their home cage and dominant cage mate, compared with an empty cage with 355 
clean sawdust – but their dominant counterpart showed no such preference [83]. Although these 356 
findings suggest that subordinates find odour cues from their home cage rewarding, it is questionable 357 
whether their preference reflects motivation for social contact or simply a preference for familiar odours 358 
compared to the unfamiliar odours in the cage with clean sawdust.  359 

In fact, a previous study by Fitchett et al. 2005 [84] found that the response of subordinate male mice 360 
(TO strain) to scent marks varied in relation to their own competitive ability. Dominant male mice were 361 
usually attracted to scent-marked areas, while subordinates avoided them. However, subordinates who 362 
were physically larger than their dominant partners were more likely to choose a scent-marked 363 
substrate in a Y-maze choice against a blank substrate, whereas relatively small subordinates were more 364 
likely to avoid scent marks. These findings suggest that some male mice may seek company for 365 
competitive reasons (as also proposed by [61], which may explain the observations made by Fitchett et 366 
al. (2006) [83].   367 

These studies suggest that mice prefer the ability to access social company over being housed alone, 368 
but there does not appear to be sufficient evidence to identify which motivator (e.g. thermal comfort, 369 
social novelty or social contact) drives male mice to seek companionship.  Moreover, it is unclear how 370 
these motivators interact with one another, or how they are modified according to life experience and 371 
genetic background of male mice.   372 

Nevertheless, the effects of socially housing male mice appear to be beneficial when measured in 373 
other ways too. For example, Liu et al. (2013) [85] suggested that group-housing reduced levels of 374 
anxiety and depression induced by chronic restraint stress; singly-housed mice showed increased 375 
immobility in the forced swimming test and spent less time in the elevated plus-maze test after stress 376 
treatment (e.g. repeated restraint) compared to group-housed mice. Earlier studies have reported that 377 
social interactions can positively influence heath and stress responses indicating effects of ‘social 378 
buffering’ in socially living animals (a phenomenon in which conspecifics show a better recovery from 379 
distress when experiencing an aversive event together than when alone; [86,87]).  380 

Furthermore, in sibling mice, affiliative physical interactions were found to have an antinociceptive 381 
effect, by increasing the threshold to pain sensitivity, which was not observed between unfamiliar or 382 
unrelated mice [88]. Moreover, changes in nociceptive threshold were also found when siblings were 383 
reunited in adulthood after a long period of separation, but this did not occur when only olfactory cues 384 
of the siblings’ home cage were presented [88].     385 

With regards to aggression, the benefits and harms of group housing are highly likely to depend on 386 
the social rank of an individual within the group. For example, the rewarding experience of victory 387 
during agonistic encounters could be considered as generating a positive affective state [89–92]. Indeed, 388 
positively reinforcing effects of aggression have been suggested, as male mice (OF1 strain) showed a 389 
conditioned place preference for an area where successful fighting had previously occurred [89] and 390 
expressed aggressive motivation by learning to self-initiate trials offering opportunities to attack [92]. 391 
Nevertheless, the consequences of receiving aggression and losing an agonistic encounter are of course 392 
likely to be aversive and punishing, generating a negative affective state (reviewed in [93,94]). The 393 
effects of inter-male aggression on physiological and behavioural parameters have been studied in 394 
some depth, as described in section 4.4 below.          395 

  396 
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4.4. Harms of group housing for male laboratory mice 397 

Whilst the social environment may have many beneficial effects on the well-being of social animals, 398 
it can also be a significant source of social stressors [95]. As mentioned previously, free-living mice tend 399 
to form despotic social systems where the presence of another male is not accepted by the dominant 400 
individual [28,63].  401 

Inter-male aggression in the laboratory setting has been associated with the establishment of 402 
dominance relationships [63,96], with group size influencing both the level of aggression and the 403 
stability of the dominant-subordinate relationships [63]. For example, a high level of aggression was 404 
observed on initial grouping in small colonies of three to five males, but following this the dominant 405 
mouse effectively suppressed fighting among the subordinates. This resulted in a despotic hierarchy 406 
(i.e. a hierarchy with one dominant individual) in which aggression declined over the subsequent 21 407 
days. But in larger groups of nine and 12 males, there was ongoing aggression between subordinates 408 
and changes in dominant position occurred frequently [63].      409 

Competition for dominance, and repeated trespassing into the social spaces of others, may therefore 410 
in general represent continual stressors and challenges for both the dominant male [63] and the 411 
subordinates, which will be considerably more frequent than under natural conditions. The inability of 412 
subordinates to escape when housed in laboratory conditions is an artificial situation that is not usually 413 
encountered in nature, although some ‘submissive’ males may be tolerated within territories in the 414 
wild; perhaps as a result of suppression of their marking behaviour [21,97,98]. Conversely, male mice 415 
of some strains may not show territorial behaviour in confinement and a lack of defendable terrain may 416 
decrease the level of aggression [11,19,99].  417 

When male mice are group housed and injurious aggression does occur, this is a serious welfare 418 
problem causing pain, distress and in severe cases even death. It is important to consider the causes of 419 
the aggression. In free-ranging male mice, aggression is a natural behaviour associated with the defence 420 
of territory and resources [100]. In the laboratory, however, food is available in abundance and direct 421 
competition for breeding opportunities in a group of males is clearly not a factor. The occurrence of 422 
fighting may be influenced by multifactorial components including the genetic propensity for 423 
aggression, the odour of females that encourages inter-male competitive behaviour [21], and 424 
procedures which disturb established group structures, e.g. introduction or removal of individuals 425 
when randomising [12,21].  426 

Competitive aggression may further be explained by the disturbance of scent communication 427 
through husbandry practices. For example, when cages are cleaned, structures such as nests and latrine 428 
areas are destroyed, and the animals’ scent marks are removed. Cage cleaning has been identified as a 429 
cause of short term increases in aggression in male mice [10,60,101]. This is made worse by transferring 430 
litter from the used to the clean cage, as mice urinate on the litter and their urine contains hormones 431 
that can increase aggression; however, used nesting material contains hormones from glands in the 432 
body (such as the plantar glands in the foot pads) that inhibit aggression, so transferring nesting 433 
material from the used to clean cage has been shown to reduce aggression ([10]; but see below). 434 

When aggression does occur, it is not only the losers that experience poor welfare. Male mice 435 
experiencing repeated positive fighting outcomes during daily agonistic interactions have been found 436 
to develop pronounced aggression, anxiety-like behaviour and impulsivity, disturbances in motivated 437 
and cognitive behaviours, and impairments of sociability [102–104]. They also displayed hyperactivity, 438 
attention-deficit behaviour, motor dysfunctions and repetitive stereotyped behaviours (e.g. jerks, 439 
rotations and head twitches) and pronounced self-grooming. Although it may be assumed that winning 440 
would be a positive outcome for the victor, these observations imply detrimental effects of repeated 441 
winning, combined with the associated stress of repeated fighting and the pressure of maintaining 442 
hierarchical status, collectively resulting in different types of psychopathy such as hyperactivity and 443 
depression, key symptoms of bipolar disorder [104].   444 
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4.4.1. Welfare concerns beyond aggression 445 

Aggression clearly leads to serious welfare problems and is a critically important issue, but it is 446 
essential to recognise that there may still be negative welfare implications for subordinate males, even 447 
in the absence of obvious fighting or injuries. Various studies have reported behavioural and 448 
physiological differences associated with social defeat and subordination such as decrease in social 449 
interactions with unfamiliar conspecifics, aggression and general activity [105,106] along with an 450 
increase in submissive and defensive behaviours (reviewed in [89] as well as physiological changes 451 
such as immune functions and metabolism [107,108]). 452 

However, caution is needed in interpreting the effects of experimentally induced social stress, as 453 
these are not necessarily representative of long-term housing conditions. For example, studies based 454 
on the resident/intruder paradigm consisting of introducing a stranger (intruder) into the home cage of 455 
another (resident) are commonly used to induce social defeat, but are not representative of conditions 456 
in stable group housing and may be conducted in open field arenas, which induce stress and 457 
aggression.  458 

In some home cage studies, links between social rank and indicators such as immune parameters 459 
and plasma hormone levels [109] may be less apparent in stable groups, indicating that living in a 460 
settled social group may not be stressful [107,110]. In contrast, studies on Swiss-Webster mice (classified 461 
as highly aggressive) found that dominants and subordinates in stable groups of ten male mice differed 462 
in anxiety-like behaviours as measured in the elevated plus-maze, with subordinates showing lower 463 
levels of anxiety than dominants. This may have reflected different facets of anxiety, if the dominants 464 
staying in more protective areas of the maze were displaying higher levels of risk assessment and 465 
avoiding possible danger, thus appearing more alert than the subordinates who expressed a contrasting 466 
coping strategy by exploring the open arms of the maze more frequently and for a longer period of time  467 
[111]. 468 

There are other physiological implications; for instance, subordination stress has been associated 469 
with decrease in general activity (e.g. exploration and locomotor activity, [102,106] and neuroendocrine 470 
changes linked with increased activity of the HPA (hypothalamic–pituitary–adrenal) axis [112]. In CD-471 
1 male mice, social stress was found to have long lasting effects on spatial learning abilities in 472 
subordinates [113] as well as on responses to home cage odours in a place preference task, which could 473 
not be reversed by stopping social interactions and re-housing them singly [83]. Differences between 474 
these studies may be explained by strain differences in sociability (see benefits of individual housing); 475 
some males from strains with low levels of social acceptance may experience social housing as more 476 
stressful than others. Furthermore, the bladders of subordinate male mice in captivity have been 477 
reported to contain, on average, twenty times as much urine as those of the dominant males [97], which 478 
could lead to discomfort and health problems. 479 

Taking all of the above into account, the animal welfare implications, and harms, of group housing, 480 
thus appear to be highly variable and poorly understood at present. 481 

4.5. Summary of the benefits and harms of individual and group housing 482 

The current literature suggests that it is, generally speaking, preferable from an animal welfare 483 
perspective to house male laboratory mice in groups. Housed with others, male mice are able to express 484 
a range of social interactions that are important natural behaviours. However, there are significant 485 
caveats associated with this statement. Living with a group of other males is not a natural situation for 486 
male mice, and is likely to cause significant stress to some individuals, and the best protocol in any 487 
given situation will depend upon a number of different factors. The authors suggest that group housing 488 
for male mice is the ‘less worse’ approach, but do not positively endorse this practice because male 489 
mice would naturally prefer to live with a group of females – not other males. 490 
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We emphasise the importance of regularly reviewing the literature and current practice for housing 491 
male mice, and ensuring that this is discussed within the facility, e.g. by the AWERB or Animal Care 492 
and Use Committee. Table 3 summarises key literature at the time of writing, to help facilitate such 493 
discussions. 494 

 495 
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Table 3: Benefits and harms of individual and group housing for male laboratory mice.   496 
 

Individual housing  Group housing 

Benefits - Own territory [28,114] 
- Secured alpha status [63] 
- No physiological or 

psychological distress resulting 
from social conflict (e.g. pain 
associated with injurious 
fighting) 

- Safe environment for male 
mice in cases of high intermale 
aggression (e.g. breeding male 
mice) 

- Expression of natural social 
behaviours, including aggressive 
interactions [29] 

- Ability to huddle for thermal 
regulation and body contact [61] 

- Cognitive stimulation through 
social communication cues e.g. via 
scent marking [21,52] 

- Social company as reward; 
evidenced by motivation to gain 
access to a social partner [61,76–78] 

- Preference for social stimulation 
over social isolation [61,76,82,83,89] 

- Strain-dependent sociability and 
social novelty [79,80] 

- Rewarding effects of aggression 
(e.g. victory for the winners [89–92] 

- Social buffering [66,115]; decrease 
in HPA activity and improved 
health through social support 
(review by [87]) 

Harms - Negative consequences of 
social deprivation (e.g. ‘social 
isolation syndrome’ apparent 
as changes in the brain, 
physiology and behaviour 
[65,75] 

- Increased aggression towards 
unfamiliar conspecifics [116] 

- Displacement behaviours and 
stereotypies to substitute social 
behaviours (e.g. hair barbering, 
[117]) 

- Negative emotional effects (e.g. 
anxiety, depression, loneliness 
[116,118,119] 

- Social stress of dominance-
subordination [18], leading to 
physiological and behavioural 
changes [28,94,108] 

- Intermale aggression [9,12] 
- Stress in the dominant male leading 

to behavioural aberrations (e.g. 
stereotypies, aggressive grooming 
(dominant mounts victim); self-
grooming [103] 

- Changes in activity with 
subordinates being active when 
dominant is inactive [18]; 
dominants restrict the movement of 
subordinates [63] 

Conclusion Individual housing offers the chance to 
fulfil some male-specific needs and 
avoid the risk of injurious aggression 
and social defeat, but at the expense of 
suffering from social deprivation 

Group housing broadly provides males 
with opportunities to live closer to their 
express natural needs as a social species 
and fulfil the desire to be with others, but 
there may be negative welfare implications 
depending on the position of an individual 
in the hierarchy. 

 497 
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 5. Living together better  498 

It is clear from the current codes of practice, responses to our survey, and the economic implications 499 
of single vs. group housing given per diem costs of animal housing, that there is strong motivation to 500 
group house male mice and that facilities will continue to do so. 501 

Of 147 survey respondents, 99 (67%) reported that it was general practice post ‘weaning’ to group 502 
house male mice, just 4 stated that these were routinely singly housed, and 44 (30%) stated that both 503 
housing conditions were applied.  When asked whether they would like to find a way to group house 504 
male mice that were currently singly housed, 144 people responded and 118 (81%) said ‘yes’, as 505 
opposed to 26 who said ‘no’. 506 

5.1. Physical cage design and cage cleaning 507 

Housing protocols for male mice that aim to reduce fighting, achieve harmonious groups and thus 508 
balance the behavioural and physiological needs of mice with scientific and economic demands, have 509 
been the focus of several studies (reviewed in [12]). Their findings, however, are somewhat 510 
contradictory because certain strategies have been found to ameliorate aggression in some studies but 511 
provoke fighting in others. For example, the transfer of soiled litter has been suggested in order to 512 
reduce aggression [120], but Van Loo et al. (2000) [10] stated that this is counterproductive and nesting 513 
material should be transferred (as mentioned above), whereas others recommend that cages should be 514 
completely cleaned and everything replaced [121]. Although the disturbance of scent cues through cage 515 
cleaning provokes aggressive behaviour, and agonistic interactions peak shortly after cleaning, 516 
complete removal of home cage odours does not disrupt established dominant-subordinate 517 
relationships whereas incomplete removal of odours can stimulate more aggression from dominant 518 
animals [21,121]. In terms of nesting material, the transfer of used material may be beneficial in groups 519 
where post cleaning aggression occurs [10] and does not negatively influence animal behaviour in 520 
groups with low levels of aggression [60].     521 

Increasing the environmental complexity of the home cage through enrichment is assumed to 522 
alleviate aggression, but effects vary with both strain and enrichment type, as some types of cage 523 
furniture seem to exacerbate intermale aggression [122]. For example, rigid shelters have been found to 524 
increase aggression as mice tend to monopolise these resources, whereas enrichment that can be 525 
manipulated (such as nesting material) was found to decrease aggression [10]. However, this appears 526 
to be strain-specific as others have reported opposite effects on NIH/S male mice, with nesting material 527 
enhancing fighting and shelters preventing it [123]. 528 

The availability and distribution of resources can also affect the activity and the aggressive defence 529 
of mice [100]. Focused defence of areas containing resources such as food, water and nesting material 530 
has been observed in resident male mice in confrontation with an unfamiliar intruder, indicating that 531 
it is not the whole territory but areas containing valuable resources that are highly defended. That is, 532 
male mice housed in a cage with clustered environmental enrichments may show higher aggression 533 
when they have to compete for depleting resources, whereas dispersing resources may reduce 534 
aggression [124].  535 

Our survey asked which husbandry practices were employed to enable group housing of male mice, 536 
and the responses are set out in Table 4. Some other approaches were also entered as free text, of which 537 
the most common were the provision of chew sticks (12) and running wheels (4).  538 

Table 4. Husbandry practices used for group housed male mice in a range of establishments. 539 

Husbandry protocol Number of respondents
Provide nesting material 140 
Tunnels 119 
Transfer nesting material from used cage to clean cage 114 
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Provide nest box** 59 
Transfer litter (e.g. wood chip) from used cage to clean cage** 52 
Forage feeding (part or all of usual diet) 50 

Legend: 140 people responded and it was possible to select more than one option. There is evidence that the 540 
protocols denoted by ** actually exacerbate aggression in certain circumstances (see text). 541 

5.2. Group composition 542 

Fighting has been observed less often in groups of three male mice than in groups of five or eight 543 
males [11]. As mentioned earlier, there is evidence that stable dominance hierarchies are established 544 
sooner in smaller groups [63]. The most frequently cited group sizes within the survey were ‘2 to 5’ (34 545 
of 151 respondents) and ‘5’ (28 respondents).  546 

It is widely recommended to disturb group stability as little as possible (NRC 2011; Home Office 547 
2014). Although brief periods of isolation (6-12h) due to husbandry or experimental procedures may 548 
not alter dominant/subordinate relationships [125] introducing or removing individuals in the longer 549 
term further elicits fighting. In rats, the removal of an individual has been found to lead to social stress 550 
among group members as evidenced by an increase in agonistic behaviours, audible vocalizations and 551 
faecal corticosterone metabolite levels, indicating welfare impairments in the remaining animals [126]. 552 
Also, studies have suggested that familiarity is more important to successful regrouping than kinship, 553 
as non-littermates reared together from an early age show no difference in social interactions compared 554 
to littermates [76,127,128].  555 

‘Weaning’ age and early life experience (e.g. repeated mixing of weaned mice before arrival at the 556 
laboratory) have been found to subsequently influence aggression in the home cage [129]. Male mice 557 
(C57Bl/6) removed from the dam at 14 days, seven days earlier than the typical ‘weaning’ age, were 558 
less likely to show aggression towards their cage mates than males removed at 21 or 28 days of age. 559 
However, others have reported that early ‘weaning’ can induce anxiety and aggression in adult mice, 560 
arguing that deprivation of mother-pup interaction from postnatal days 14 to 21 may significantly alter 561 
social behaviour in mice [115]. In the above study by Gaskill et al. (2017) [129], placing male mice into 562 
stable groups at ‘weaning’ had no effect on aggression levels in the mice as adults, and other 563 
enrichments believed to reduce fighting (e.g. scent treatment with lavender) had an unexpected 564 
negative effect as these increased aggression between male mice. The artificial smell possibly disrupted 565 
normal scent communication, causing an increase in aggression.  566 

Our survey asked at which life stage males were grouped. A total of 143 people responded, of which 567 
114 reported grouping when male pups are separated from the dam (‘weaning’), 48 at pre ‘weaning’ as 568 
littermates, and 31 at post ‘weaning’ (more than one option could be selected).  The most common age 569 
for grouping at, or after, ‘weaning’ was three to four weeks. 570 

5.3. Other husbandry methods and approaches  571 

A surprising finding of the study by Gaskill et al. (2017) [129] was that the method used to mark 572 
individuals for identification also appeared to have a significant impact on aggressive behaviour. Ear 573 
notched male mice were found to be more aggressive towards their cage mates than males marked with 574 
tail tattoos. The findings of Gaskill et al. (2017) [129] show that spontaneous home cage aggression, 575 
despite stable grouping post separation from the dam, can be triggered by a range of internal and 576 
external circumstances. For example, the above authors noticed behavioural variations in mice housed 577 
on different racks, with animals kept in cages on the rack side facing the active area of the experimental 578 
room showing more aggression.               579 

Interventions that are commonly regarded as low-stress, such as cage cleaning or visual checks, can 580 
also significantly increase intermale aggression (e.g. [10,60]), as can unpredictability of experimental 581 
procedures or routine husbandry practices [130]. Likewise, prolonged isolation and experimental 582 
procedures causing discomfort may lead to excessive aggression in male mice, which is why it is 583 
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important to identify, and refine, all potentially uncomfortable, painful or distressing life events, 584 
regardless of whether these are directly related to experimental procedures and their after-effects (Van 585 
Loo et al., 2003).  586 

Some strains have been bred for their aggression, for example to study covariation of behavioural 587 
and physiological factors related to aggression (e.g. SAL short attack latency lines [131] or TA Turku 588 
Aggressive [55], or have become highly aggressive as a side effect of inbreeding. Questioning the 589 
justification for using these strains, and selecting docile strains for research or breeding purposes, may 590 
therefore be options to reduce problems with aggression – provided that the characteristics of the 591 
alternative strain fits the purpose of the study, otherwise results will not be translatable and animals 592 
will be wasted.  593 

Cage dividers have been proposed, where male mice are housed in sensory contact but prevented 594 
from fighting [132]. However, vasectomised male mice (Hsd:NMRI; approx. 6 months of age) housed 595 
in sensory contact with another fertile male, but with a partition dividing the animals for ten days, 596 
showed clear indicators of distress such as increased heart rate, body temperature and motor activity, 597 
and impaired nest building behaviour [133]. Indeed, established hierarchies do not cease when only 598 
physical contact is prohibited [98,106]. Desjardin et al. (1973) [97] noticed that urine pattern of dominant 599 
and subordinate males differed greatly under ultraviolet lighting. The visual evidence of dominant-600 
subordinate relationships remained unchanged when males were kept in the same cage but separated 601 
by a grid [97]. In female mice, separation of pair-housed cage mates using a grid divider provoked a 602 
higher stress response during postoperative recovery (e.g. increased heart rate and behavioural 603 
alterations) compared to mice housed socially or in individual cages [134]. Consequently, lacking the 604 
opportunity to interact with others is likely to cause stress in female and male mice and is therefore not 605 
recommended. 606 

Given the issues with housing male laboratory mice in groups, ways of providing alternative, 607 
compatible companions have been investigated. For example, housing intact males with 608 
ovariectomised females or castrated males has been proposed, although chasing and biting still 609 
occurred when castrated and intact males were initially paired [135]. Nevertheless, others suggest that 610 
castration could be acceptable, reasoning that the short-term pain and distress resulting from castration 611 
would be preferable to the long-term effects of aggression in group-housed male mice [136]. For highly 612 
aggressive strains such as CD-1, castration has been found to eliminate intermale fighting completely 613 
[137]. The above options would involve surgical procedures, creating obvious ethical and animal 614 
welfare issues (even if optimal surgical practice was to be followed) that would need careful 615 
consideration and a harm-benefit analysis.   616 

To conclude, the aggression-mitigating effects of any particular husbandry refinement may depend 617 
on strain type, other elements of the husbandry protocols and other external factors, which is why 618 
certain improvements may be practical in some cases but not others. It is important to be aware of this 619 
and ensure that any changes are carefully researched, monitored and evaluated.   620 

6. Monitoring animals and welfare assessment 621 

Effective assessment of the welfare state of both singly and group housed male mice, and prompt 622 
identification of any problems with aggression or distress, will help to optimise male mouse housing, 623 
husbandry and care. To decide what is best from the animals’ point of view, relevant welfare indicators 624 
need to be defined, and these also need to be understood in context [5]. Table 5 suggests some ‘cage 625 
side’ behavioural indicators that may be helpful in monitoring male mice. 626 

Table 5: Welfare indicators for group- or individual-housed male mice.  627 

Behaviour Indicators of good welfare Indicators of poor welfare 
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General activity - Mice follow circadian 
pattern; more active in dark 
period and less active in 
light period 

- Mice do not show expected 
activity pattern; may be 
less active overall, still for 
prolonged periods, or show 
no clear circadian rhythm  

Cage space use - All animals use the cage 
space equally (G) 

- Some / all animals remain 
in very limited areas of the 
cage (e.g. in corners; wall 
hugging) (G) 

- Animal is not using shelter 
(S)  

Feeding and 
drinking 

- Animal(s) feed and drink 
regularly and maintain 
healthy body weight  

- Animal is not feeding 
and/or drinking normally 
resulting in 
decrease/increase in body 
weight 

Sleeping and 
resting 

- Mice huddle together 
whilst sleeping (G) 

- Animal is resting in shelter 
in regular bouts (S) 

- Mouse does not rest with 
cage mates / shows a 
disturbed resting pattern 
(G) 

- Animal is not resting in 
nest, unregular sleeping 
pattern (S) 

Grooming - Normal self-grooming 
behaviour or allogrooming 

- Aggressive grooming of 
subordinates, hair 
barbering (G) 

- Signs of alopecia, poor self-
care (S) 

Use of nesting 
material and 
nestbuilding 
behaviour 

- Well-built nest  - Poorly constructed / 
abnormal nest or no nest 

Enrichment use - Mice are all using 
enrichment items in 
roughly similar amounts 
across time and space (G) 

- Enrichment is monopolised 
by dominant animal/s, 
subordinate/s avoid 
enrichment (e.g. shelter) 
(G) 

Other 
behaviours 

- Exploration behaviour, use 
of enrichment  

- Aggression, biting, 
stereotypies or abnormal 
repetitive behaviours 
(ARBs) (G) 

- Stereotypies or other ARBs 
(S) 

Cage appearance - Normal defecation and 
urination patterns  

- Unusual faecal/urine 
output (e.g. pooling of 
urine rather than marking, 
defaecation within nest 
site) 
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Response to 
human handling 

- Approaches caretaker 
when hand placed in cage 

- Animal(s) avoid / show 
increased aggression 
towards handler 

Level of audible 
vocalisation 

- Low levels of audible 
squeaking (G) 

- Audible squeaking, often 
related to aggressive 
encounters (G) 

Physiological 
measures 

  

Health 
indicators and 
body weight 

- Mice appear healthy, have 
normal body weight 

- ‘Staring’ coat, raised guard 
hairs 

- Wound and physical 
damage  

- Low or high body weight 
- Other signs of poor welfare 

(see references in legend)  
Respiration rate - Normal (80-230 breaths per 

minute) 
- Too high/too low  

 **Legend: Most of these indicators apply to both singly- and group-housed male mice; those that do not are 628 
identified by S (single) or G (group). For further guidance on welfare assessment, see Hawkins et al. (2011) [138] 629 
and European Commission (2012) [139]. 630 

In addition to the signs stated in Table 5, any changes in behaviour may be significant; for example, 631 
in group housed mice these could indicate a change in the group dynamic or time budgets, with welfare 632 
implications for subordinate animals in particular. Time budgets and synchronised activity pattern may 633 
be helpful indicators of social stress in social animals. However, there does not appear to be strong 634 
evidence of synchronised behaviour patterns in male mice, most likely because males would naturally 635 
avoid each other – although huddling and sleeping together might be observed [53,61], and could be 636 
good indicators of positive welfare. In wild populations, subordination behaviour has been associated 637 
with changes in activity within an individual’s time budget, as subordinates learn to avoid the 638 
dominant individual, becoming more active when the dominant animal is inactive [18]. Observations 639 
of animals occupying similar space, and using enrichment at the same time, may thus be useful as 640 
studies have shown that dominant males tend to limit the movements of subordinates by monopolising 641 
highly desirable areas (e.g. food, the nest site or shelter; [100,124]. Behaviours like these may be easier 642 
to detect by animal technologists, who spend the most time with the animals and should have had the 643 
opportunity to learn about animal behaviour and how to monitor this. Aggression towards humans is 644 
also more likely to be noted by caregivers and may be a sign of negative welfare, although confounded 645 
by strain differences and handling techniques. For example, capture by the tail induces anxiety in mice, 646 
leading to negative interactions with the handler, whereas catching mice in cupped hands or a tunnel 647 
reduces anxiety and fear of the handler [140].   648 

The use of nesting material, and nestbuilding behaviour, could also be practical welfare indicators, 649 
as suggested by Gaskill et al. (2013) [8]. Nest shape has been linked with aggression in group housed 650 
male mice (C57BL/6), as cages with well-structured nests are associated with fewer wounds amongst 651 
the occupants, whereas poorly built or absent nests are associated with a higher wound rate. Nest 652 
building behaviour has been observed to be negatively affected after a painful surgical procedure 653 
without adequate analgesia [141,142], indicating that both physiological and psychological pain and 654 
distress can be indicated through this behaviour. Observation of the location of faeces might also be a 655 
practical assessment method, since defaecation within the nesting area is abnormal and has been 656 
associated with pain [141].  657 
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Aggression is not included in the table, because mild to moderate aggression is generally difficult 658 
to quantify, and there is no universal consensus as to what is an ‘acceptable’ level of fighting, so the 659 
appearance of wounds and injuries may not be a good indicator. Aggression can also peak temporarily 660 
after cage cleaning [10,121], but this may not represent normal conditions.  It might be better to monitor 661 
how long fighting occurs, and how often, and set limits with respect to severity and duration. As 662 
aggression is often observed when groups are formed, setting a time limit after which fighting to 663 
determine hierarchy should have ended might be preferable. Poole and Morgan (1973) [63] reported 664 
that a dominant male emerges within the first 24 hours and aggressive attacks from the dominant 665 
declined within 21 days after grouping. However, this may be unacceptable if the level of aggression is 666 
causing significant welfare problems in the interim.  667 

7. Conclusions  668 

Humans have almost complete control over the availability, quality and variety of environmental 669 
stimuli to which captive animals are exposed, including social partners, such that policies and practice 670 
with respect to animal housing, husbandry and care can either compromise or enhance animal welfare 671 
[47]. This level of control is associated with a fundamental responsibility to minimise any restrictions 672 
on the extent to which an animal can satisfy their physiological and ethological needs, as reflected in 673 
UK and European legislation [6]. 674 

However, it is not possible to house male mice in a way that is compatible with their natural 675 
behaviour in the laboratory, and it is not possible to make sweeping statements regarding good 676 
practice for housing male mice. Whether group- or single-housing is better (or less worse) in any given 677 
situation is highly context-dependent according to a number of factors including strain, age, social 678 
position, life experiences, and housing and husbandry protocols. It is important to recognise this and 679 
research and evaluate what is preferable from animal welfare and ethical perspectives for a given strain 680 
and situation. The eventual protocol may also depend upon scientific requirements, but if these would 681 
compromise welfare these should be duly justified and given appropriate scrutiny by the 682 
AWERB/ethics/Animal Care and Use Committee and regulator. 683 

Given the current state of knowledge, it is important to recognise the following principles: 684 

• there is still much to learn about the behaviour of different mouse strains and how this is 685 
affected by housing, husbandry and care, life stage and previous experiences;  686 

• many ‘natural’ behaviours remain innate in lines of animals that have been bred in captivity 687 
for many generations, even though it may not be possible to express these in ‘standard’ 688 
laboratory housing (e.g. subordinates are unable to flee form aggressive attacks from the 689 
dominant mouse, migration out of the territory is impossible, complex mixed-sex social 690 
relationships cannot be established); 691 

• the presence, or absence, of aggression is not the sole indicator of poor or good welfare in group 692 
housed animals – and preventing aggression does not automatically ensure good welfare; and 693 

• Codes of Practice reflect current knowledge and good practice at the time of writing, but it may 694 
be necessary to review subsequent publications and come to an informed decision about 695 
alternative approaches to husbandry, in discussion with the regulator. 696 

Moreover, understanding the social environment in which laboratory animals are kept is not only 697 
significant to their welfare but also directly affects experimental results and the quality of research 698 
[29,51]. From a scientific perspective, altered physiological and behavioural responses due to social 699 
deprivation, or social stress, may undermine the validity of research results and should be 700 
considered in study design [2,34,143].  701 

The following action points should help to promote good welfare for male mice within establishments: 702 
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Action points for animal technologists, researchers, veterinarian and AWERB/ACUC members

Find out more about natural mouse behaviour, e.g. by reading references and reviews such as Latham 
& Mason 2004 [16];Van Loo et al. (2003) [12]; Weber et al. (2017)[9].  
Ask for a discussion and review of local practice for housing male mice as a topic for the AWERB (or 
AWB, ACUC if outside the UK). In the case of the AWERB, this is linked to several tasks including 
advising staff on accommodation and care, advising on the Three Rs, and providing a forum for 
discussion. This could include defining an ‘acceptable’ level and/or duration of aggression for group 
housed animals, and consideration as to whether male mice may have a ‘life worth living’ or a ‘good 
life’ at your facility. 
Ask your local person responsible for ensuring that staff have access to species-specific information 
(the Named Information Officer in the UK) to research the behaviour of the strains of male mouse you 
currently use, and seek advice from internal and external colleagues on good practice for housing 
and caring for them. 
If males are group housed, review whether the housing protocols reflect current thinking regarding 
minimising the risk of aggression, e.g. with respect to group size, cage furniture, cleaning protocols, 
age at grouping, stability of groups, and quality and quantity of space. 
Ensure that welfare assessment protocols for male mice, both day to day and during evaluations of 
housing systems, will capture both good and poor welfare. 
If aggressive strains are routinely housed and/or used in the facility, question whether less aggressive 
strains could be used instead (e.g. as background strains in breeding programmes).  
Check progress with the UK NC3Rs mouse aggression project and participate in similar initiatives. 
(nc3rs.org.uk/laboratory-mouse-aggression-study) 
Ensure that any proposals for ‘solutions’ such as housing intact males with castrated males, or 
ovariohysterectomised females, are subject to full ethical review that gives due weighting to the harms 
and benefits for all the animals involved. 
Further actions for researchers: 

Discuss the housing protocol for male mice used in your studies with veterinarians, animal 
technologists and care staff, and consult with people with expertise in mouse behaviour. Identify the 
animal welfare, ethical and scientific implications, and satisfy yourself that the chosen protocol is the 
optimal one. 
If a study requires that animals are randomised, explore the potential to achieve this without 
disrupting groups (e.g. by identifying individuals, using minimally invasive techniques). 
Report (and justify) the housing protocol in papers, posters and talks, according to good practice 
guidelines such as ARRIVE or the Gold Standard. 

  703 

7.1. Future research  704 

Given the very large numbers of male mice housed in laboratories worldwide, more research is 705 
urgently needed to better inform approaches to housing, husbandry and care. In particular, studies that 706 
would advance understanding of the wider animal welfare impacts of single and group housing on 707 
male mice beyond aggression are essential; these should be conducted in realistic situations (as opposed 708 
to resident-intruder type paradigms) and aim to evaluate the influence of the factors set out in this 709 
paper, such as strain, life stage, age at grouping, housing and care, and an individuals’ position within 710 
the group (for group housed animals).   711 

Given the variation between and within strains, it would be helpful for simple protocols to be 712 
developed to evaluate the behaviour and welfare implications of individual and group housing for 713 
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specific strains, that could be used in-house (e.g. by animal technologists and researchers working 714 
together). 715 

Improving animal welfare is clearly an essential consideration, on legal and ethical grounds, but it 716 
is also important to evaluate the potential impact on the science of poor welfare due to single housing 717 
or social stress. This could have a significant impact on reproducibility and the potential benefit of (and 718 
thus justification for) individual studies. 719 

Further research should also address questions about the motivation of male mice for seeking (and 720 
working for) the company of other males, distinguishing better between the 721 
thermal/social/information/novelty/competitive attractors for other males and assessing how these 722 
vary with life experience and genetic background. Moreover, the welfare state of male mice with 723 
different social status, and in different housing systems, should be evaluated using recently developed 724 
assessment tools such as cognitive bias testing or behavioural observations using continuous home cage 725 
monitoring [144].  726 

Cognitive bias tasks can deliver valuable insights into animal emotions and their perception of 727 
situations [40], but most cognitive bias tasks used with rodents currently require intensive training and 728 
response behaviours may be sensitive to the test environment. However, some home cage cognitive 729 
bias tasks such as that suggested by Graulich et al. (2016) [145] are based on preferences for different 730 
substrates containing food rewards. Tests like these are applicable in the home cage and may hold the 731 
potential to assess affective states in mice without the confounds that can occur in an unfamiliar test 732 
area [145].   733 

For practical and economic reasons, it may be advantageous to make use of already available data 734 
(e.g. data collected for other purposes in telemetry studies) to monitor activity and changes in time 735 
budgets. This may be especially useful to detect welfare implications when no obvious fighting occurs 736 
or at the onset of problems before the consequences become noticeable (e.g. changes in stress hormone 737 
levels, metabolic changes or the use of enrichment objects; [146]). In addition, post mortem studies (e.g. 738 
organ weights) could be used to investigate physiological effects of social rank and housing. As pointed 739 
out in this review, comparison between studies can be hampered by differences in research protocols 740 
and husbandry procedures. More well-controlled and standardised research protocols are needed.  741 

Research suggests that lack of control over the environment has significant negative effects on stress 742 
and welfare [147]. It would be of interest to see whether studies could be set up in which male mice are 743 
able to choose their cage mates. Although allowing this level of choice is unlikely to be feasible in 744 
practice, such studies may give valuable insights into the behavioural and welfare needs of male mice, 745 
and help to better inform housing, husbandry and care protocols that will go further to genuinely 746 
meeting the physiological and ethological requirements of these animals.   747 

Appendix A     748 

RSPCA male mouse housing survey 749 
Supplementary material to the review article: To group or not to group? Good practice for housing male 750 
laboratory mice 751 
 752 
Summary 753 
A survey was designed by PH, SK and MM using Google forms, and was circulated throughout April 2017 via 754 
social media, colleagues in the field and online discussion forums. It was aimed at a range of stakeholders including 755 
scientists, animal technologists, veterinarians and members of Animal Welfare and Ethical Review Bodies 756 
(AWERBs), with the objectives of ascertaining current practice, welfare issues and views regarding housing male 757 
mice. 758 
 759 
There were 14 questions; the first eight required an answer and the remainder did not require a response in order 760 
to submit the survey. Some were check boxes or multiple choice, whereas others enabled respondents to enter free 761 
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text.  It was possible to complete the survey anonymously, although most respondent chose not to and many were 762 
prepared to be contacted for further discussion.  There were 147 responses to the first eight ‘compulsory’ questions, 763 
with a good level of response throughout. Most were from the UK, although some use terminology from elsewhere 764 
in the European Union, or the US. All responses have been reported, as this is a global issue.  This document 765 
reproduces the survey questions, with the number of responses to each one and either a summary of all the 766 
responses to tick box/multiple choice questions, or examples of responses to the long answer questions. 767 
 768 
The survey demonstrated that there was a fairly good level of awareness of natural mouse behaviour amongst 769 
respondents.  The majority of people believed that male mice prefer to live with other mice and should be housed 770 
in groups; most respondents reported that mice are group housed at their facility (although some housed mice 771 
both singly and in groups).  Most were aware of the debate as to whether it is in the best welfare interests of male 772 
mice to house them with other males (94, as opposed to 51 who were not aware).  Several would like more 773 
information on ‘best practice’. 774 
 775 
Most single housing occurred because individuals had been aggressors or victims, or studies required this. There 776 
was a 50:50 split between respondents who did, or did not, find males of some strains too aggressive to group 777 
house. Of those who did not, slightly more reported grouping males pre-‘weaning’ as littermates (as opposed to 778 
when they are separated from the dam (‘weaning’) or post ‘weaning’).  Most male mice are grouped at ‘weaning’; 779 
if post ‘weaning’ then 3 or 3 to 4 weeks was the most common grouping age.  The strains most cited as aggressive 780 
were BalbC and C57/Bl6. Most respondents wanted to find a way to group house male mice who were singly 781 
housed. 782 
 783 
The most cited group sizes were ‘2 to 5’ and ‘5’. Common husbandry practices to enable group housing were 784 
providing nesting material, tunnels, and transferring nesting material from the used cage to the clean cage. Some 785 
commonly cited practices may be detrimental and cause aggression, e.g. providing a solid nest box and transferring 786 
litter from the used cage to the clean cage. 35 people reported aggression in group housed males; fighting or injuries 787 
were frequently reported, with many injuries consistently located at the same sites (genitals, base of tail and back). 788 
 789 
Equal numbers of people answered ‘yes’ and ‘no’ when asked whether their AWERB had ever discussed or 790 
reviewed the topic.  Most AWERBs appeared to favour group housing.  Many people felt that housing protocols 791 
would affect the science, if animals were stressed, but were unclear as to whether being the victim of aggression 792 
or being singly housed would be more stressful, or whether dominant or subordinate animals would be more 793 
stressed in a group situation. 45 reported changes in policy or practice with respect to singly or group housing 794 
male mice at their establishment, often following advice received from the Home Office Animals in Science 795 
Regulation Unit Inspector. 796 
 797 
Survey responses 798 
 799 
1. Role. This allowed people to tick multiple boxes, as many people identify with more than one role; hence n = 800 
256 although 147 people responded.  801 
 802 

Animal technologist 79 
Named Animal Care and Welfare Officer (NACWO) 43 
AWERB member 39 
Scientist 29 
Named Training and Competency Officer (NTCO) 17 
Named Veterinary Surgeon (NVS) or deputy 16 
Home Office Liaison Officer/Contact (HOLO/HOLC) 9 
Named Information Officer (NIO) 7 
Other management 7 
Other veterinary role 5 
Other 4 
Establishment Licence Holder (ELH) 1 
Total 256

 803 
2. Establishment type. 804 
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 805 
University/medical school/hospital 82 
Research institute (including public bodies, non-profit 
organisations, public health laboratories) 

35 

Pharmaceutical establishment 18 
Breeding/supply establishment 4 
Contract Research Organisation (CRO) 4 
Other response 4 
Total 147

 806 
3. Approximate number of mice housed in the facility at any one time. 807 
 808 

1,000 to 10,000 63 
Over 10,000 43 
100 to 1,000 30 
Up to 100 3 
Don't know 8 
Total 147

 809 
4. Do you believe that male mice naturally prefer to live with other mice?  810 
Yes = 120, no = 20, don’t know = 7, total = 147 811 
 812 
5. Do you believe that male mice should, ideally, be group housed with other males in the laboratory, if 813 
breeding is not required?  814 
Yes = 123, no = 12, don’t know = 12, total = 147 815 
 816 
6. Without looking it up (!) … how do you think male mice (Mus musculus) normally live in the wild? 817 
 818 

With a group of female mice and their offspring 72 
With a group of other males and females, plus their 
offspring 

58 

With one female mouse and their offspring 6 
Don't know 11 
Total 147

 819 
7. Does your facility house male mice?  820 
Yes = 147 821 
 822 
8. If yes, is it general practice post ‘weaning’ to house these ... 823 
 824 

in groups 99 
singly 4 
both of the above 44 
Total 147

 825 
Questions from this point onwards were optional. 826 
 827 
9. For SINGLY housed male mice, what are the reasons for this at your establishment? Please tick all that apply: 828 
(This allowed people to tick multiple boxes, so n = 358.) 829 
 830 

Those individuals have been aggressors or victims 122 
For scientific reasons - studies that require single 
housing 

100 

For procedure-related reasons (e.g. exteriorised 
devices) 

71 

Those strains are especially aggressive 38 
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This is routine housing for all male mice, to prevent 
aggression 

9 

That is how male mice prefer to be housed, according 
to their natural behaviour 

3 

Don't know 3 
Total 358

 831 
Some quotes: 832 
One of our most common causes of singly housed males comes from the reduction of cage numbers [number of 833 
animals per cage] following genotyping. 834 
 835 
Often males are single housed when used for timed mating (as studs).  We would not usually take the risk of re-836 
grouping the males after single housing. It would be good if there was a way to do this without being concerned 837 
for their welfare afterwards - it always seems a risk that they will fight, and should that risk be taken? 838 
 839 
Any male who has ever bred should never be housed with another male. 840 
 841 
  842 
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9a. In your experience, are the males of some strains too aggressive to group house? 843 
 Yes = 73, no = 71, total = 144 844 
 845 
An analysis of these responses according to the age at which mice are grouped suggests that this may be a factor, 846 
as responses agreeing that males of some strains are not too aggressive to group house appeared to be associated 847 
with grouping as littermates (shaded cells). 848 
 849 

Life stage at which males are 
grouped 

Yes, males of some strains are too 
aggressive to group house 

No, males of some strains are not too 
aggressive to group house 

Pre-‘weaning’ as littermates 17 29 
When they are separated from 
the dam (‘weaning’) 

60 52 

Post ‘weaning’ 14 17 
 850 
9b ... if you answered 'yes', which strains? These answers were free text. 851 
 852 

BalbC 20 
C57 Bl/6 17 
‘Transgenic/TG/GA’ 11 
FVB 8 
SJL 7 
CD1 3 
Axl 2 
AKR 2 
Nude 2 
SCID 2 
Swiss 2 
CD4Tol 1 
cd68 1 
HHD Tg 1 
Hu18 1 
PD1 1 
RAG 1 
SAM 1 
tg4510 1 
tgHRAS 1 
tg37 1 
Total 86 

 853 
9c. Would you like to find a way to group house those male mice that are currently singly housed? 854 
Yes = 118, no = 26, total = 144 855 
 856 
10. For GROUP housed male mice, what is the usual group size? NB Some respondents reported more than one 857 
group size. 858 
 859 

2-5 34 
5 28 
3 12 
3-5 12 
4 12 
10 8 
3-4 6 
4-5 6 
2-3 4 
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6-8 4 
2-4 3 
2-8 3 
9-11 3 
10-15 2 
‘Variable’ 2 
2 1 
2-9 1 
3-6 1 
5/6 1 
2-26 1 
No response 7 
TOTAL 151 

 860 
10a. What husbandry practices do you employ to enable group housing of male mice? Please tick all that apply: 861 
People could tick more than one, so n=580. 862 
 863 

Provide nesting material 140 
Tunnels 119 
Transfer nesting material from used cage to clean cage 114 
Provide nest box** 59 
Transfer litter (e.g. wood chip) from used cage to clean 
cage** 

52 

Forage feeding (part or all of the usual diet) 50 
Responses below this are free text, in response to ‘other’ 
Chew sticks 12 
Running wheels 4 
‘Environmental enrichment' 3 
Mezzanine/shelf 3 
Don't know 2 
Transfer enrichment items from used to clean cages** 2 
Tissue/paper towel on top of cage to pull through 2 
House aggressive strains in trios 1 
Cotton wool 1 
Handle with clean gloves so previous scents aren't 
transferred 

1 

No toys in cage 1 
Once separated, never regroup 1 
Part clean system 1 
Wean at the same time 1 
Zoning' of cage to provide additional space 1 

 864 
** There is evidence that these protocols actually exacerbate aggression in certain circumstances (see accompanying 865 
paper). 866 
 867 
Quote: ‘All breeders in the UK happily house males together with no problems’. 868 
 869 
10b. At what life stage are the males grouped? Options were (i) pre-'weaning' as littermates; (ii) when they are 870 
separated from the dam (‘weaning’), (iii) post 'weaning'.  Participants were able to select all options that applied at 871 
their facility. 872 
 873 

When they are separated from the dam (‘weaning’) 76 
Pre-'weaning' as littermates; and  
when they are separated from the dam (‘weaning’) 

19 

Pre-'weaning' as littermates 17 
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Post 'weaning' 11 
Pre-'weaning' as littermates; 
when they are separated from the dam (‘weaning’); and 
post 'weaning' 

11 

When they are separated from the dam (‘weaning’); and 
post 'weaning' 

8 

Pre-'weaning' as littermates; and 
post 'weaning' 

1 

Total 143 
 874 
Summary of totals for each option: 875 
 876 

Pre-'weaning' as littermates 48 
When they are separated from the dam (‘weaning’) 114 
Post 'weaning' 31 
Total 193

 877 
10c. if you ticked the second or third box (when they are separated from the dam; or post 'weaning'), at how many 878 
weeks old? 879 
 880 

 3 weeks, or 3 to 4 weeks 99 
6-8 weeks, upon arrival, or by breeder 4 
4 weeks 2 
< 3 weeks 1 
Don’t know/depends 9 
No response 28 
Total 143

 881 
10d. Have there ever been any issues with male-male aggression, or behaviours of group housed males that 882 
suggest there could be a problem (e.g. abnormal repetitive behaviours, or stereotypies)? 883 
Yes = 35, no = 29 884 
 885 
This question prompted many responses, including quite detailed descriptions from those reporting aggression. 886 
Fighting, or evidence of fighting (injuries) was frequently reported (in 30 responses), with many injuries 887 
consistently located at the same sites (genitals, base of tail and back). 888 
 889 
A few respondents mentioned that aggressive interactions appear to have arisen after a change in home cage 890 
sharing (e.g. reintroduction post-study or breeding).  Stereotypic behaviours (circling, flipping etc.) were less 891 
frequently reported, but still appeared to be significant.  There was also the perception amongst some that 892 
aggression was more common in particular strains (see questions 9a and b). 893 
 894 
Selected comments: 895 
• Lots of urine on cage furniture of mice likely to become aggressive in the future. 896 
• Usually, behaviour issues manifest after fighting has occurred and mice have been separated, this is especially 897 

so with the SCID lines. 898 
• When they are regrouped after being separated experimentally or if separated to breed. 899 
• We house brothers together at weaning but these can get aggressive towards each other when sexual maturity 900 

is reached. 901 
• Observed repetitive behaviours and increased fear of human interaction. 902 
• We have male-male aggression frequently.  We believe some is due to dominance, others we have yet to 903 

determine.  I am currently trying to determine if there are undue stressors occurring prior to aggressive 904 
patterns being observed. 905 

• Severe fights occur post-procedure, intense barbering, animal isolated from nest. 906 
• See aggression when animals come out of IVCs into conventional cages, or there is a change in room/animals 907 

are put on study.  Also have big issues with aggression when animals are bought in from commercial suppliers 908 
• Aggressive behaviours noted on previous occasions when expanding group-housing was attempted. 909 
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• Aggression is common in a wide range of strains from 7 weeks of age onwards, often it is initially just one 910 
individual in the group which will be separated from the rest. Aggression is an instinctive response and can't 911 
be modified in the confined environment of a laboratory cage. Social isolation of aggressive individuals is 912 
preferable to high levels of group stress and physical injury.  913 

• The group seem to be agitated by the one running in circles, so when he is removed the aggression normally 914 
decreases 915 

• Increased mortality due to fighting lesions (2 year studies) 916 
• Aggression does occur in group housed males but with the exception of some strains, it is not usually 917 

predictable. I tend to think it is associated with clean out and the disruption of social cues. 918 
 919 
11. Are you aware of any debate as to whether it is in the best welfare interests of male mice to house them with 920 
other males? 921 
Yes = 94, no = 51, total = 145 922 
 923 
11a ... would you like to comment on this? 924 
Sixty-two responded, with several people saying that they would like more information on best practice for 925 
housing male mice. 926 
 927 
Selected comments: 928 
I think that it is not ideal to house males together HOWEVER it is significantly better than single-housing them. 929 
The environmental stimulation another mouse provides greatly outweighs the negatives of housing two males 930 
together. While male mice do not live together in the wild and will fight upon contact, suggesting they should not 931 
be housed together in the lab, early pairing and the marked decreased in isolation stress make it worth it. 932 
 933 
They are social animals, but compete with other males. In the wild, although I believe they live in mixed groups, 934 
it is skewed towards females. Many males die as a result of direct aggression from dominant males or indirectly 935 
by being ousted from the group (or deciding to leave) but then being predated or starving to death. It is difficult 936 
to know whether they would prefer to live with a threatening male or no one. On their own, they miss out on 937 
thermoregulation from huddling and the stimulation another mouse gives in a relatively barren life, and possibly 938 
the benefits of social buffering from stress. I suspect that when there is no aggression, they do prefer being with 939 
another male than no one; the difficulty arises when there is aggression. 940 
 941 
It is difficult to balance the fighting risk and the risk of being lonely. 942 
 943 
I expect that singly housing males for long periods of time (up to 2 years old) must have a negative impact on their 944 
well-being and should be avoided whenever possible 945 
 946 
I think it is a current issue that needs extensive research so practices can be standardised and studies can be 947 
appropriately adapted.   948 
 949 
I didn't know that it could be an issue to house unmated male litter mates together, assuming no aggression is 950 
evident. 951 
 952 
In the wild, male mice live in groups but not with other (adult) males. Singly housed, they occasionally overgroom 953 
and show other behavioural abnormalities. On the other hand, male mice housed with their littermates 954 
occasionally fight. So I think there is no "ideal" solution. I try not to use bullies as breeders so as not to select for 955 
fight-promoting traits. 956 
 957 
It concerns me that the evidence that wild mice rarely tolerate other males within their territory, the evidence (from 958 
Paul Brain's work in the 80's) that subordinate mice have significant physiological differences from dominant 959 
animals and the sheer welfare impact of the serious injuries inflected on a daily basis do not seem to be impacting 960 
the dogma that male mice should be housed together for their own "welfare". 961 
 962 
There is scant evidence that single housed male mice suffer - the studies that exist only show differences (e.g. 963 
increased liver tumour incidence, but massively reduced skin tumour incidence due to lack of chronic fighting). 964 
 965 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 October 2017                   doi:10.20944/preprints201710.0150.v1

http://dx.doi.org/10.20944/preprints201710.0150.v1


 

29 
 

The evidence from post-surgical social housing is suggestive that there might be an issue, but unfortunately there 966 
is too little information on husbandry within those papers to determine whether this might be a lack of shelter 967 
causing isolation stress to be exacerbated or social housing providing the benefit of communal heat (mice seem to 968 
prefer to shelter in groups when there are no options to have an individual nest). 969 
 970 
Very difficult to come to hard and fast conclusion we try and take each study as it comes and do the best for the 971 
mice.  A lot depends on how 'disturbed' they will be (length of study, handling, dosing and so on) as I feel this 972 
doesn't help the aggressive attitude problem. 973 
 974 
It has been suggested that male mice prefer solitary housing but I am not aware of any evidence to support this. 975 
The majority of sibling grouped males do not show extreme aggression but some strains/areas appear to be more 976 
prone to problems. 977 
 978 
Single housing is expensive and aggression levels are not so high that I feel this extra cost is warranted.  We don't 979 
keep any rodents in "natural" social structures or environments and we must question as to what effect inbreeding 980 
has on establishments of social hierarchy.  I also thought that publications showed that although it may not be 981 
natural to house groups of males together they still preferred the social contact with a familiar male to being on 982 
their own. 983 
 984 
Aggression is an instinctive behaviour and whilst its incidence can be reduced by selective breeding it cannot be 985 
eliminated. Male mice in nature establish a harem of several females and fight to exclude other males. In nature 986 
males without females live in isolation and have reduced survival chances. 987 
 988 
I think there is insufficient data to fairly answer this question. I am not convinced that it is always less stressful to 989 
house male mice together than apart. I suspect numbers in the cage, the size of cage, caging conditions plus 990 
personalities of individuals (among a myriad of other things) will all make a difference. 991 
 992 
I understand that mice are happier group housed. However older males can be very aggressive. As the trend to 993 
use aged mice continues it’s difficult to call on a comparison with a wild mouse as the chances of them living to 994 
older than 2 years is slim. 995 
 996 
If there is a way to reduce/stop the aggression and fighting between male animals when housed together then they 997 
could be housed. However currently we haven't found a way to reduce this and fight wounds interfere with the 998 
study results/parameters being measured therefore increasing variability of results, therefore more animals would 999 
be required on the study (or the study cannot be performed completely).  1000 
 1001 
I agree that social housing for adult male mice can be beneficial, but only when certain conditions can be fulfilled.  1002 
I believe that it is often not possible to fulfil these conditions in the context of experiments.  I also feel that the 1003 
debate on group housing has become over simplified by some, with a dogma developing that group housing is 1004 
always best.  In certain conditions, I think the cost of group housing in terms of aggression is not balanced by the 1005 
benefit. 1006 
 1007 
12. Has your Animal Welfare and Ethical Review Body (AWERB) ever discussed or reviewed this topic?  1008 
No = 67, yes = 66, total = 133 1009 
 1010 
12a ... would you like to comment on this? 1011 
 1012 
Sixty-two also responded to this question, in free text.  Of these, 30 said their AWERB (or Animal Care and Use 1013 
Committee) had discussed, was reviewing or would be considering group vs. single housing for male mice; 12 said 1014 
their AWERB had not; and 28 did not know or did not give conclusive answers. Where outcomes were stated with 1015 
respect to single or group housing, most AWERBs favoured group housing. 1016 
 1017 
Selected comments: 1018 
Separation from aggression, breeding and attrition are veterinary reasons for single housing. If the vet sees it as 1019 
the best interest for the animal and that is university practice, then the ethics board doesn't need to review the 1020 
practice. 1021 
 1022 
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For mice, the AWERB has no directive to give regarding the social housing of mice other than it appears from 1023 
evidence that male mice may benefit from single housing. Therefore, protocols requiring the single housing of mice 1024 
do not require AWERB approval. It is recommended that if group housing is selected, this should occur in animals 1025 
23 days of age or younger. For the majority of studies, mice were gang-housed. Single housing was used 1026 
(predominantly for males), where there was a requirement for older animals, and for strains where there is a known 1027 
predisposition to fighting. 1028 
 1029 
A committee was formed to investigate research done on singly housed mice.  Some of those papers touched on 1030 
male aggression.  We were able to recommend nest transfer during cage change and have just begun a pilot. 1031 
 1032 
It has been determined by our Institutional Animal Care and Use Committee (IACUC) that all animals (including 1033 
mice) must have at least one cage mate unless the research protocol provides scientific evidence against pair/group 1034 
housing.  If a mouse is found to be aggressive towards cage mates, they may be separated to single housing, but 1035 
must have the reason written on their cage card. 1036 
 1037 
We are particularly concerned about aged males, who may be along for many months or years as once separated 1038 
we cannot confidently re-introduce them to other males. We have attempted to look at longevity etc, but numbers 1039 
are too small to be very meaningful and are often skewed by the animal's fate eventually being used in experiment 1040 
rather than aged to its natural end of lifespan. 1041 
 1042 
In the USA the GUIDE considers mice social so they are group housed unless scientific justification or aggression. 1043 
As IACUC we struggle with should you just start all c57bl/6 males single to make science more repeatable or do 1044 
you wait for trouble to occur. 1045 
 1046 
Usually brought up by the NACWO or Animal Tech on committee or at mid-term reviews of project licence. 1047 
 1048 
13. Do you have any views on the potential (positive or negative) effects on the science of either group housing 1049 
(with other males) or singly housing male mice? 1050 
 1051 
This question triggered 89 responses. Overall, there appeared to be a widespread perception that group housing 1052 
would be preferable if it there was no risk of stress or ‘unrest’. Most respondents believed that mice are a ‘social 1053 
species’, and that single housing should be avoided wherever possible, but awareness (from wherever it arose) 1054 
and first-hand experience of male:male aggression led a number of respondents to suggest that group housing 1055 
carries significant welfare risks, with several respondents wanting more scientific guidance on what would be 1056 
optimal for the animals in their care. There was a general assumption that significant levels of stress in animals 1057 
would affect the science, but it was uncertain as to whether single, or group housed animals would be more 1058 
stressed – and what difference it would make if an animal was dominant or subordinate. 1059 
 1060 
Selected comments: 1061 
I would think that a male mouse group housed without fear of continual fighting or unrest would be a more 1062 
suitable scientific model than one housed in solitary confinement. 1063 

If fighting is not picked up straight away the animals could have increased levels of stress hormones (cortisol etc.) 1064 
that may have an effect on the science. We have also found that animals that are singly housed tend to become 1065 
obese quicker than group housed animals which may also have effects in procedures. 1066 

I think it would be negative to keep all males singly housed, it has been shown to increase heart rates and affect 1067 
sleeping patterns and metabolism when singly housed which can have an effect on research.  1068 

For science, group housing may make for more normal models, and it also opens the possibility of sensitive 1069 
repeated measures experimental designs, with cagemates acting as each other's controls. This can be a good use of 1070 
space, maximising sample size. However, if treatment has to be confounded with cage (on treatment per cage), 1071 
then single housing is possibly more efficient for the sample size, since cage has to be the experimental unit (so 1072 
extra mice per cage add little to the statistical power). 1073 

I would like to know more about this; how groups live in the wild, effects caused different strain characteristics in 1074 
laboratory mice, etc. Is there one answer fits all, or do decisions need to be made on a strain by strain basis ... or 1075 
other criteria? 1076 
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Single or group housing can affect studies involving brain development. 1077 

Some scientists are arguing that singly housing provides more reproducible results. 1078 

Aggression can lead to stress like symptoms and elevated blood results etc. the same as singly housed could also 1079 
have adverse effects due to low interaction. 1080 

If males are fighting constantly, there will be an obvious rise in cortisol, and possible changes to both the systemic 1081 
system and neurophysiology.  I fear aggressive males may skew certain parameters in physiological data.   1082 

If results changed (e.g. upon group housing previously individual males), researchers would have to ask whether 1083 
their existing data set was flawed, not necessarily blame the new conditions. 1084 

There is evidence from Paul Brain's work that subordinate male mice are significantly different physiologically 1085 
from dominant animals - this adds a level of variability, as would the social stress if the group is not absolutely 1086 
stable.  Fighting causing separation of groups or losses of animals can effectively render a study invalid and either 1087 
waste significant numbers of animals if the study is repeated, or result in poor science if the study continues. 1088 

I believe that singly housing mice increases stress levels which would affect scientific data. 1089 

Stress, but this could occur in both singly housed or group housed. Therefore it could distort study results - the 1090 
need for consistency is very important.  1091 

I think this would depend a lot on the type of research and the specific research question.  Single and group housing 1092 
are known to affect different parameters in different ways so researchers should investigate these effects when 1093 
designing studies.   1094 

Yes, some of our researchers are using behavioural measures as outcomes of dementia and Alzheimer’s studies, 1095 
and different responses may be seen between social and singly housed animals. I also wonder if there are less-1096 
obvious metabolic differences in groups, e.g. between a dominant and the subordinates, that could make their 1097 
basal metabolism different from a sole male and introduce errors of repeatability etc. 1098 

It all depends on the experiment you are doing - for example group housing if recommended when performing 1099 
behavioural experiments. However I had to single house some males as they were bullies - so not great for the 1100 
single mouse but also for the mice that were attacked as their stress level went up. Now I preferentially use females 1101 
for burrowing, males for fear conditioning 1102 

I think group vs. single housing is a potentially big issue. Mice can be stressed if isolated, yet some can be contented 1103 
depending on how dominant or submissive they are. Mice can also become stressed or aggressive in group 1104 
environments, yet some can be contented and settled in a group environment depending on how dominant or 1105 
submissive they are. The chemicals released into the body caused by stress, and also the immune reactions caused 1106 
by fighting wounds, can affect scientific results.  1107 

I believe the effects on science are probably neutral, except when aggression is present to the extent that it disrupts 1108 
the experiment. 1109 

14. Have there been any recent changes in policy or practice with respect to group or singly housing male mice 1110 
at your establishment, and if so what were the changes and what prompted these? 1111 
No = 45, no response = 53 1112 
 1113 
Approximately two thirds of participants either did not respond or responded negatively to this question. Of the 1114 
remaining third, the responses were mixed, with several respondents mentioning that their facility adheres to the 1115 
Home Office requirement of group housing wherever possible. Enrichment was a topic discussed by several 1116 
respondents: singly housed mice requiring greater enrichment was mentioned on more than one occasion. While 1117 
one respondent described tunnels being removed from cages as scientists suggested they may cause territorial 1118 
behaviour, another described how they were running a study to see if the presence of tunnels affects plugging rate 1119 
and therefore whether they could be used as enrichment for stud males. 1120 
 1121 
Selected comments: 1122 
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We ensure that at weaning all the male mice from the litter are housed in a single group. Once the genotypes are 1123 
confirmed then the cage is reduced in size by the removal of those mice that are not needed, thus ensuring as they 1124 
group we stay within the guidelines of the [Home Office] Code of Practice. We have also adopted a policy where 1125 
we keep a companion animal if a male is going to be left on its own.  1126 
 1127 
We tried only housing 3 to a cage in line with recent publications with little improvement seen. We use to take out 1128 
the "bully" but with some lines if we see fighting we automatically single house the group as aggression tends to 1129 
continue with other members taking the place of the aggressor.  1130 
 1131 
We no longer regroup our male breeders after they have bred (sometimes grouped prior to breeding) or any mice 1132 
once they have been separated do to aggression. 1133 
 1134 
AAALAC [Association for Assessment and Accreditation of Laboratory Animal Care] mentioned the number of 1135 
single housed rodents we have.  As a result a committee was formed and now I have been named the enrichment 1136 
coordinator to handle these issues.  We are currently looking into more diverse nesting materials, minimizing 1137 
single housing by getting larger rat cages and implementing a possible protocol review parameter that requires 1138 
explanation for single housing along with plan.   1139 
 1140 
The group sizes for males have been decreased and mixing policy has been adjusted after fighting issues during 1141 
transfer 1142 
 1143 
Males that are singly housed as studs have been given tunnels as enrichment to study if there is a comparison in 1144 
plugging rates to those without tunnels. If there is no difference then we will provide tunnels as enrichment to 1145 
singly housed stud males in the future. This was prompted by myself, as I questioned why they were not receiving 1146 
tunnels as enrichment. I expected that stud males would be given more enrichment and not less, since they are 1147 
singly housed. After I did not receive an adequate reason, we launched the study which will run for 3 months. 1148 
 1149 
Working towards group housing males wherever possible, giving a male a non breeding female as a companion, 1150 
added and different enrichment, Nod Skid mice have been re-paired at above 6 weeks old. 1151 
 1152 
Changes were made for the CD1 strain as we were finding that males were fighting to the point of injury too often, 1153 
which was affecting their welfare and the study they were in. CD1 males are now only group housed if the study 1154 
requires it. 1155 
 1156 
No changes that I am aware of. Caging conditions are fairly standard practice. Implant and stud / vas males are 1157 
caged separately, but even when not presented with females or companion mice, will be aware of mice around 1158 
them via their normal ultrasound communication. Individually caged mice in sound booths', or widely spaced 1159 
from other mouse cages, would probably be the most isolated. 1160 
 1161 
Not to clean out as much, to retain smells and prevent fighting. But some strains still fight, like the BALB/C. 1162 
 1163 
We have recently had tried re introducing castrated males (which were originally litter mates) with advice from 1164 
our NVS by mixing dirty bedding over a period of days. It was unsuccessful! 1165 
 1166 
We've elected to work with males (CD1's) in a bid to reduce perceived wastage by the supplier. It's perceived that 1167 
most users will prefer females, leaving many males being discarded. We feel we can do our part to take these 1168 
animals and reduce (over)production.  1169 
 1170 
We have been told that now we must inform the users of any singly housed males and ask if they can be used or 1171 
culled to reduce the number we keep.  1172 
 1173 
Group housing is pushed fanatically even when it potentially compromises a study. 1174 
 1175 
We as an establishment removed tunnels from the caging, some scientists were concerned mice may become 1176 
territorial and aggressive. We also noticed a reduction in aggression when we moved from isolators to IVCs. 1177 
 1178 
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All PPL [project licence] applications must now include justification for single-housing, whether for experimental 1179 
or welfare purposes. These are therefore discussed by AWERB and increasingly attempts are being made to avoid 1180 
single housing. This involves developing methods to try to increase the possibility of re-introducing males which 1181 
have had to be separated temporarily (e.g. for a procedure or behavioural test).  1182 
 1183 
We have been told that if we have to split animals for fighting that animals should be culled rather than split so 1184 
that they are not housed on their own. I would rather not waste an animal so I would like to see evidence to show 1185 
that it is detrimental to an animal to be housed on its own so that I feel like I am doing the right thing by culling 1186 
the animal rather than wasting yet another life.  1187 
 1188 
Choosing the vendor with the least frequency of aggression of the same strain. Study design and husbandry 1189 
procedures that mitigates the frequency of aggression. 1190 
 1191 
 1192 
PH, SK and MM, October 2017 1193 
 1194 
Thanks to Neil Ambrose and Juliet Dukes for helping to analyse the survey data. 1195 
 1196 
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