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ABSTRACT

The overview shows that the scientific interest in social behaviour in mice has exponentially grown in the last two dec-
ades in parallel with advances in biotechnology and the emergence of genetically engineered mice. Most of the studies
are psychopharmacological or look for the neurochemical bases of social behaviour and its alterations. However, the rol
of social behaviour per se is increasing mainly in those research works aimed to model neuropsychiatric and neurode-
generative diseases. In fact, at the translational level, the study of social behaviour in murine models is relevant because
changes in social behaviour are present in most neuropsychiatric and neurodegenerative disorders as well as in other
diseases that, directly or indirectly, affect the sphere of social relationships. The consideration of social behaviour in the
experimental design of basic and translational research works using murine models may improve the predictive validity
of new preventive and/or therapeutic strategies. The present work provides conceptual description of social behaviour in
mice, the tests used to measure it and analyzes its increasing interest, mostly in the area of neuroscience. It reviews the
821 scientific studies (in English) included in the MEDLINE database from 1930 to December 2012. Keywords used
for the search where those related to the different kinds of social behaviour (spontaneous or induced) in mice and took
into account the diversity of experimental paradigms (dyads, groups, parental relationships, isolation) and the wide
spectrum of behavioural tests available.

Keywords: Social Neuroscience; Animal Models; Basic and Translational Research; Neurodegenerative Diseases;
Neuropsychiatric Disorders; Social Behaviour

1. Social Behaviour in Mice thermore, these models provide the opportunity to assess
preventive and/or therapeutic strategies. Rat was earlier
considered to be the excellent animal model for scientific
studies. However, recent advancement in biotechnology
has made mice to emerge as the rodent specie of choice
in generation of a wide range of genetic and psycho-
pharmacological models [1]. Therefore, this paper re-
views the existing literature on social behaviour in mice,
including historical evolution of behavioural testings.
The paper also assesses the use of behavioural tools in
the study of basic traits and social behaviour in different

Most living organisms are organized by social structures
that facilitate the development of vital functions of the
species such as survival (protection from predators), nu-
trition (collecting and providing food) and the continuity
of the species itself (facilitation of the reproduction).
Social structures are dynamic and when situations of inter
or intra-specific conflicts appear social structures change
in order to find the balance. At the clinical level, it is
described that the social pattern is significantly altered in

many neurological and psychiatric diseases, and this af-
fects the development of daily routines and the quality of
the interaction with their counterparts.

From basic research, animal models for neurological
and psychiatric diseases try to mimic these behavioural
patterns in order to provide experimental models which,
with more or less validity, can be used to study the un-
derlying biological and psychological phenomenon. Fur-
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animal models for diseases of interest.

Searches were made in MEDLINE for published stud-
ies in the English language from the beginning of the
data base (1930) to December 2012 using the keywords:
“mice” “social interaction”, “barbering”, “tube test”,
“nesting behaviour”, “maternal separation/deprivation”
“isolation”, “resident intruder test”, “sexual behaviour”,
“maternal behaviour”, “social recognition test”, “olfac-
tory discrimination test” and “playing behaviour”. The

number of scientific papers found was §21.
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2. Scientific Interest for the Study of Social
Behaviour in Mice

Since 1930 there has been a substantial increase in both
basic and translational scientific research on social be-
haviours in mice. The first studies basically focused on
the characterization of social behaviour per se. It was not
until the early 60’s that biological approaches and the use
of animal (rodents) models to study varied diseases in-
cluding neurological and psychiatric disorders and their
impact on social relationships, were established. In the
90’s the number of scientific publications in different
areas (see Figure 1) and using a diversity of behavioural
tests (see Figure 2) experienced an exponential increase.
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Among the most relevant issues is the use of social in-
teraction test [2], the resident-intruder test to measure
aggression and the model of maternal deprivation mainly
used to assess the ontogenetic hypothesis of schizophre-
nia.

3. Social Behaviour, Behavioural Tests and
M odeling of Diseases

Social behaviour is a fundamental characteristic of living
organisms and is defined as an interaction between
members of the same specie [3]. Normal social structures
implicitly involve behaviours with varying degrees of
hierarchy or equality, depending on genetic factors
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Figure 1. Timeline of scientific publications (1930-2012) about social behaviour in mice for areas basic and trandational re-
search. (a) Characterization of normal social behaviour; (b) Psychopharmacological studies and neurochemistry; (c) Animal
models for neurological and psychiatric diseases; (d) Animal modelsfor other non-neurological and psychiatric diseases.
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Scientific publications schedule of social behaviour
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Figure 2. Timeline of scientific publications (1930-2012) about social behaviour in mice according to type test. Spontaneous
social behaviour studiesin dyads (social interaction test, social recognition test, olfactory discrimination test, tube-dominance
test, sexual behaviour and nesting behaviour) or in group (eeping behaviour, Dalila effect, social hierarchy test, parental/
maternal behaviour, social play behaviour) and social induced isolated behaviour studies (resident-intruder test, social dis-

ruption stress, mater nal deprivation).

(mouse strain, gender, age, genetic mutations or neuro-
chemical systems) and environmental (conditions of
housing, feeding, temperature, isolation, dyads or social
group membership, perinatal development.). Social be-
haviours, as stated before, are dynamic structures, whose
deviations by default (i.e. apathy, anhedonia, isolation) or
excess (i.e. aggressiveness, irritability, sexual aggression)
can reach pathological range and therefore become di-

agnostic criteria for neurological and psychiatric diseases.

In addition, alterations of social behaviours are also
symptoms of other organic diseases (see Tables 1 and 2).

When studying social behaviours, several important
concepts are taken into account. For instance, in any
animal group each subject has social attributes that in-
fluence its social relationships with other animals. Related
to this, is the concept of sociability which is defined as
“the tendency to form cooperative interdependent rela-
tionships that allow two-way communication which trans-
cends mere sexual activity” [40]. Nevertheless, the or-
ganization of a group is one of the most significant goals
for many animal species, and is the basis of social or-
ganization [40]. Each species has developed patterns of
behaviour and physiological mechanisms that are related
to their own social organization and population dynamics

Copyright © 2013 SciRes.

[1]. It is, therefore, important to note that results obtained
in behavioural paradigms in rats may be different from
that obtained in mice [41]. In turn, there are also differ-
ences between mice depending on the strains a factor
which is usually underestimated (the strain used is the one
available rather than the one with the proper behavioural
profile) [41].

It’s been told that the social structure of a group de-
pends mainly on the dominance-subordination relation-
ships and/or other attributes such as aggressiveness,
competitiveness, individualism, etc. [40]. Thus, domi-
nance is defined as a learned and predictable relationship
established between a pair of animals (dyad) where an
animal is subordinate by its partner. In this context,
ranges, hierarchy and the order of dominance represent
the assignment of a numerical value to an animal, in the
attempt to describe the relative position of an animal in its
social group [1]. On the contrary, there are social struc-
tures where agonistic behaviour is observed. These are the
result of adaptive actions to solve conflicts arising be-
tween two members of the same specie through aggres-
sive behaviour or threats, submissive or passive behav-
iours and playing behaviours involving physical contact
[42]. Aggressive behaviour is a behaviour that causes
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Table 1. Reference reviews (1930-2012) of scientific studies about social behaviour in mice. Principal test for measure social

behaviour and representative literature.

Saocial behaviour test

Biological functions and psychology elementsrelates

Scientific publications representatives

Social interaction (SIT) Anxiety

Saocial recognition (SRT)

Olfactory discrimination (ODT)

Dominance tube (DTT)

Sleeping behaviour (SB)

The Dalila Effect (DE) Anxiety
Social hierarchy (SHT) Aggressivity
Sexual behaviour (SB) Reproductive
Parental behaviour (PB) Reproductive
Nesting behaviour (NB) Reproductive
I solation-induced (11) Aggressivity
Resident-intruder (RIT) Aggressivity
Disruption stress (SDR) Aggressivity

Maternal deprivation (MD) Emotional

Play behaviour (SPB)

Learning and memory

Learning and memory

Aggressivity

Social aggregation: sleep phase

Psychomotor-cognitive development

Branchi et al. 2009 [4]
File 1980 [2]
Tremolizzo et al. 2005 [5]
Venerosi et al. 2001 [6]

Ferguson et al. 2001 [7]
Holloway et al. 1988 [8]
Spiteri et al. 2010 [9]

Rodriguiz et al. 2004 [10]
Sobottka et al. 1989 [11]

Lijam e al. 1997 [12]
Lindzey et al. 1961 [13]
Strozik et al. 1981 [14]

Lijam et al. 1997 [12]

Garner et al. 2004 [15]
Kalueff et al. 2006 [16]
Long et al. 1972 [17]

Caldwell et al. 2010 [18]
Rodriguiz et al. 2004 [10]
Uhrich et al. 1921 [19]

McGill et al. 1962 [20]
Mosig et al. 1976 [21]
Rissman et al. 1997 [22]

Branchi et al. 2009 [4]
Cohen-Salmon et al. 1985 [23]
Nishimori et al. 1996 [24]

Deacon et al. 2008 [25]
Deacon 2012 [26]

Giacalone et al. 1968 [27]
Scott 1966 [28]
Crawley et al. 1997 [29]
Crawley et al. 1975 [30]
Miczek ef al. 1994 [31]

Jones 1987 [32]
Miczek et al. 1994 [31]
Moretti ef al. 2005 [33]
Nelson et al. 1995 [34]

Avitsur et al. 2007 [35]
Avitsur et al. 2001 [36]

La Barba et al. 1969 [37]
Romeo et al. 2003 [38]
Van Heerden et al. 2010 [39]

Panksepp et al. 2009 [40]
Rondinini et al. 1999 [41]

harm or destruction to animals. In most animal species,
males are more aggressive than females. Some authors
classify the aggressiveness in aggressive competition,
where two individuals within a group compete for the
same resource and territorial aggression when aggression
is directed to an animal that is considered has invaded a
territory [40]. Based on these concepts, early studies in
mice also used the social hierarchy testing (SHT) to assess
each animal’s social rank within their group. That is, ani-

Copyright © 2013 SciRes.

mals were classified in rank 1: dominant, rank 2: active-
subordinated, rank 3: subordinated liabilities and rank 4,
submissive [10].

In the decade of the 60°-70’s a clear scientific interest
for social behaviour is observed and new methods, such as
the social interaction test (SIT), are used. The test evaluate
both the social and non-social behaviours and distinguish
a great variety of behavioural elements such as social
investigation (sniffing the anogenital region, the head, or
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Table 2. Representative examples of the use of mouse models in studies of social behaviour and their psychological bases,

neur ochemistry, modeling of neurological disorder, psychiatric and other diseases.

Diseases and interest areas Murine animal model Test Scientific publicationsrepresentatives
Rett Syndrome Swiss CD-1 SIT Terranova et al. 2001 [43]
RTT (Mecp2(308/Y)) and 129/SvEv WT SIT, RIT, DTT Moretti et al. 2005 [33]
Schizophrenia Calcineurin (CN) Knockout SIT Miyakawa et al. 2001 [44]
Homozygous PACAP SIT, RIT Ishihama ez al. 2010 [45]
Fragile X Syndrome Fmrl Knockout SIT, RIT Spencer et al. 2005 [46]
Fmrl Knockout SIT Mines 2010 [47]
Epilepsy El and ddY SIT Turner 2007 [48]
Anxiety disorder CS7BL/6N (Bg\%gr;:)“m” 6JOla SIT Siegmund 2007 [49]
Heterozygous Htrla knockout SIT, PB, RIT Zanettini 2010 [50]
Depression ddy SIT, SB Tsunekawa 2008 [51]
Albino SIT Pandey 2010 [52]
Alzheimer’s disease Tg2576 NB Deacon et al. 2008 [25]
APPswe/PS1 NB Filali et al. 2009 [53]
Filali et al. 2011 [54]
Filali et al. 2012 [55]
Pietropaolo et al. 2012 [56]
10 inbred strains: AKR/J, C57BL/6J, C58/],
Autism DBA/2J, FVB/NJ, NOD/LtJ, NZB/BINJ, SIT Moy et al. 2008 [57]
PL/J, SIL/J, and SWR/J.
GSTM1 Knockout SIT Yochum et al. 2010 [58]
Cerebral ischemia C57/BL6 II Karelina et al. 2009 [59]
Cancer’sdisease C3(1)/SV40 T-antigen SIT Williams et al. 2009 [60]
7 inbred strains: 129S1/SvimJ (129S1),
Huntington’s disease A/J%’TBB%%?E%gégﬁ;%g%?}fgjgg?é)’ SIT Bolivar et al. 2007 [61]
and FVB/NJ (FVB)
Aggressivity C57BL/6] RIT, SB Ho et al. 2010 [62]
C57BL/6J and FVB/NJ DTT, I Kovacsics ef al. 2010 [63]
Pharmacology and drugs CD-1 SIT Ferguson et al. 2001 [7]
CF1 albino SIT, RIT Linck et al. 2010 [64]
Dopamine receptor ICR SIT, I Gariépy et al. 1998 [65]
Acetylcholine receptor MIR—/— MI muscarinic SIT Miyakawa et al. 2003 [66]
Glutamate receptor mGluR7—/— and mGluR7+/+ SIT Callaerts-Vegh et al. 2006 [67]

Serotonin receptor

C57BL/6 congenic

II

Maekawa et al. 2010 [68]

the snout of the partner), follow (following the partner
around the cage), squire (following the moving partner
while maintaining a constant nose contact with its fur),
push under (pushing the snout or the whole anterior part
of the body under the partner’s body, and then resting),

Copyright © 2013 SciRes.

crawl over (crawling over the partner’s back, crossing it
transversally from one side to the other), mutual circle
(partners mutually sniffing each other’s anogenital region,
while describing tight circles), vibrating tail and aggres-
sive behaviour (including fighting accompanied by biting
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and blows to the head) as well as social inactivity (lying
flat or standing still while maintaining close physical
contact with the partner). Among non-social behaviours
the SIT evaluates several actions such as exploring
(moving around the cage, rearing, sniffing the air, the
walls or the sawdust), digging (digging in the sawdust,
pushing and kicking it around using the snout and/or both
the forepaws and hind paws) and self~grooming (wiping,
licking, combing, or scratching any part of own body) [6].
The component of learning and memory in social be-
haviour can also be studied and evaluated using two be-
havioural tests: the Social Recognition test (SR) in which
the animal must be able to recognize the resident of a cage
after having been previously exposed to its smell [9] and
the Olfactory discrimination test (ODT) based on the
ability of animals to discriminate two different smells (i.e.
the smell of almonds versus that of lemons) [10].
Dominance relationships often have an implicit element
of aggression that can be evaluated with the social
dominance tube test (DTT). In this test two mice of the
same genotype and gender are placed at opposite ends of
an acrylic tube and released. A subject is declared a
“winner” when its opponent backs out of the tube [12].
Home cage sleeping behaviour (SB) evaluates the per-
centage of animals sleeping huddled in the same quadrant
in each cage, and it is known to be impaired in animal
models of psychiatric illness such as schizophrenia [12].
In the Dalila effect or barbering, animals show shaved
whiskers and hair loss which can be automatically gener-
ated by the animal itself or by a cagemate, usually the
most dominant, namely the “Dalila mouse”. Scarce re-
search is devoted to this phenomenon and it is speculated
whether it is due to dominance, if it involves some level of
aggression and, therefore, suffering or pain in the animal
that receives it, while other authors consider that at least
we can speak of a behaviour derived from social anxiety.
To classify the Dalila effect the following scale is used: 0:
no barbering, 1: whisker removal or shortening, 2: snout/
face denuding, 3: individual bald patches on head and
body, 4: multiple alopecic areas on head and/or body; 5:
severe alopecia including complete snout denuding and
large pronounced alopecic areas on head and body [16].
On the other hand, there’s a group of social behaviours
directly linked to reproductive functions, upbringing and
ontogenetic maturation of the litters. They can be mea-
sured through a variety of successive events: mating, nest-
ing, maternal care and games. The sexual Behaviour (SB)
of the male is quantified by the latency and frequency of
mounts, intromissions and ejaculations, while the female
measures the level of lordosis [22]. The nesting behaviour
(NB) evaluates the ability of the animal to make its nest
construction [25] while the parental behaviour (PB) in-
cludes measures of protective behaviours, cleaning and
food supply from mother to offspring [4]. In the social

Copyright © 2013 SciRes.

play behaviour (SPB) the elements under consideration
are those of social interaction but in this case the range of
age of the individuals is postnatal [39].

In other behavioural paradigms, the experimenter alters
the normal conditions of housing of animals in order to
induce changes or disrupt social behaviour (induced so-
cial behaviour). For instance, in the social isolation-in-
duced (II) the animal is isolated for a month in order to
increase its aggressiveness. Thereafter, the territorial
aggression towards an intruder mice can be measured by
the resident-intruder test (RIT). The latency of first attack,
number of attacks and the time of persecution by the ag-
gressive resident are measured [32]. A variant of this test
is the Social Disruption stress (SDR) in which, using a
similar procedure, the aggressive behaviour of a group of
animals living in the same cage against a single attacker is
being measured in a 2 minutes test [39]. In studies of
ontogeny, maternal deprivation or temporary isolation
rearing maternal deprivation (MD) (usually 24 hours,
during the ninth postnatal day) is used to model emotional
disorders and psychiatric field that allow the hypothesis
on the basis ontogenetic diseases such as schizophrenia
[36].

4. Conclusion

Although the first reports on social behaviour in mice
were done in the 30’s, it was in the 70’s that clear scien-
tific interest was raised. Soon after, due to the use of ge-
netically engineered mice, interest in this field witnessed
an exponential growth. Disorders in social behaviour are
characteristic of many mental disorders such as autism,
schizophrenia, depression and Alzheimer’s disease. These
diseases have been mimicked in animal models of mice.
At the moment, basic research in social behaviour is re-
lated to gender, aggression and parental relationships.
The understanding of the biological and psychological
basis of social behaviour is becoming increasingly rele-
vant. Importantly, the consideration of social behaviour
in the experimental design of basic and translational re-
search works using murine models may improve the pre-
dictive validity of new preventive and/or therapeutic stra-
tegies.
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