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Introduction 

Several neuropsychiatric diseases share the same behavioural dysfunctions, such as anxiety, delusion, apathy 

and impaired social functioning (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, DSM-

5). Among these behavioural alterations, social withdrawal, defined as “disengagement from social activities 

that derives from indifference or lack of desire to have social contact”, appears to be an early manifestation 

of a wide variety of neuropsychiatric diseases, such as schizophrenia, major depressive disorders (MDD), 

Alzheimer’s disease and autism spectrum disorders (ASD) [1, 2]. Indeed, a deep analysis of social withdrawal 

behaviours and their underlying neurobiology has become necessary in order to find new therapeutic 

strategies to curb this debilitating neuropsychiatric symptom. In this regard, mice can provide a good 

opportunity to study social behaviours, as they are highly social animals that live naturally in large groups 

with organized social structures and dominance hierarchies, and consequently show a wide variety of 

complex social interactions [3]. Yet, most laboratory studies of social behaviours primarily focus on short-

term social encounters between familiar or unfamiliar dyads in relatively small cages under rather artificial 

conditions, thereby limiting the translational value of the obtained rodent data to humans.  To enhance 

translational validity of rodent sociability and/or social withdrawal dynamics, colony housing systems that 

more closely approximate the natural habitat of rodents living together in groups have been developed [4-

6]. One such a group-housing system is the Visible Burrow System (VBS) [7-9]. The VBS mimics a natural 

environment, where male and female animals are housed together in an enclosure where an open arena, 

with an imposed diurnal photoperiod, is connected to a continuously dark burrow system, consisting of 

tunnels and small chambers as the underground burrows and nests of colonies into the wild [10-13]. Although 
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it has been used mainly to study social dominance hierarchy and consequent subordination stress, this social 

housing model appears to be a very useful setting to analyze social group behaviour dynamics that naturally 

occur in a mixed-sex colony [14]. To validate the suitability of the VBS for studying sociability and social 

withdrawal behaviours, mouse models with behavioural phenotypes affecting the social sphere need to be 

used. In particular, the BTBR T+tf/J (BTBR) inbred mouse strain shows robust behavioural phenotypes with 

analogies to the core symptoms of ASD, such as deficits in social interaction, impaired communication, and 

repetitive behaviours [13, 15, 16]. BTBR mice show consistently low levels of sociability in the three-chamber 

social approach assays and they spend less time investigating a stranger mouse during direct social 

interaction [17, 18].  

In the present study, the VBS has been validated as a behavioural paradigm to study sociability and social 

withdrawal behaviours in mice colonies. Hence, we studied BTBR and C57BL/6J mixed-sex colonies housed 

in the VBS continuously for 5 days, evaluating all the kinds of social and non-social behaviours.  

 

Methods 

Animals 

Adult C57BL/6J and BTBR male and female mice aged 14-22 weeks were used in this study. C57BL/6J mice 

were offspring of breeding pairs obtained from Janvier Labs (Le Genest-Saint-Isle, France) and BTBR mice 

were offspring of breeding pairs obtained from Jackson Laboratory (Bar Harbor, Maine, U. S.). Animals were 

bred in the animal facilities of the University of Groningen. Animals were housed in standard polypropylene 

cages, 34 cm x 18 cm x 14 cm, in a group of two mice in a temperature-controlled room (temperature 21 ± 2 

°C). All subjects were maintained on a 12-h light/dark cycle, with access to water and standard chow ad 

libitum in their home cages. All procedures were conducted in accordance with protocols approved by the 

University of Groningen. 

Apparatus 

The VBS’ were built in-house at the University of Groningen, based on the design by Blanchard et al. (1995). 

Extra chambers (nests) were added to better study the social dynamics. The system consisted of two parts: 

an open arena (50cm x 50cm) with two stations where animals had access to food and water ad libitum, and 

a burrow (50cm x 25cm) with 4 chambers and a corridor. The open arena was subjected to a 12:12 L/D cycle 

(ZT0 at 08:00, see figure 3) and was open to the outside. Each VBS was illuminated with infrared led lights 

(RM25-120 RAYMAX 25 IR Lamp- 120 degree-850nm). The burrow of the VBS was closed using a black lid 

(Perspex 962 IR) that functioned as an infrared-pass filter. Thus the burrow was in complete darkness at all 

times, resembling the natural environment. Within the burrow 2 big chambers (7,5cm x 12,5cm) and 2 small 

chambers (7,5cm x 7,5cm) were placed with a tunnel connecting them to each other and to the open arena 

(see Figure 1). Behaviour in the VBS was recorded using a Bassler Cam GigE monochrome infrared sensitive 

camera (acA1300-60gm). Thus, due to its infrared sensitivity, the camera not only recorded behaviour in the 

open arena, but also could capture behaviour in the burrow through the Perspex lid. 
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Figure 1 The modified Visible Burrow System (VBS) 

Experimental procedures 

Animals were placed in the experimental room two weeks before the start of the experiments. Each colony 

consisted of 6 male mice and 2 female mice of the same strain. Every colony contained no more than 2 

littermates. Females were used to mimic the natural group-housed conditions in rodents. Females were 

previous sterilized by ligating the oviducts and leaving the ovaries intact in order to maintain the estrous 

cycle. Estrous cycle was monitored every day before the start of the experiments. Two days before the start 

of the experiment males were marked with a commercial crème-based hair dye (Garnier Olia B++ Super 

blonde) to facilitate individual recognition of the animals. Animals were housed in the system for 8 days. 

During the experiment, the animals were video-recorded continuously. The animals were weighed only at 

the beginning and at the end of the experiment in order to leave them undisturbed in the system. 

Behavioural ethogram 

Social and non-social behaviours scored are described in Table 1. 
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Table 1 

Behavioural ethogram describing all the different behaviour scored. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BEHAVIOURS DESCRIPTION 

Social Exploration 
Sniffing another animal, 

following another animal, playing 

with another animal 

Approach Moving towards another animal 

Aggression 
When the subject is biting, 

chasing, fighting other animals 

Avoidance 

Submissive and avoidance 

behaviour. Submissive reactions 

to aggressive behaviour (i.e. not 

fighting back/surrendering). Also 

moving/running away from 

aggressive encounters and social 

contact/approaches 

Huddling 

Resting/huddling while in contact 

with conspecifics. When the 

subject resumes activity for more 

than 5 seconds, behaviour is not 

considered part of 

resting/huddling 

Sexual activity Mounting female  

Passive/Receiving social contact 

Receiving social contact is scored 

when an animal does not react to 

social exploration of another 

animal (i.e. passive social 

interaction) 

Allogrooming 
When an animal is grooming 

another animal 

Autogrooming 
When an animal is grooming 

itself 

Feeding/Drinking 
Feeding/drinking from the 

feeding station 

Environmental Exploration 

Animal explores the surrounding 

environment, behaviour is not 

aimed towards another animal. 

(e.g. digging, locomotion, sniffing 

the walls) 

Alone Inactivity  

Resting while not being in bodily 

contact with another animal. 

When the subject resumes 

activity for more than 5 seconds, 

behaviour is not considered part 

of resting 
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Behavioural analyses 

Behaviour was analyzed using The Observed 13 XT (Noldus Information Technology, Wageningen, The 

Netherlands). Each colony was observed for 10 minutes of six hours divided over the day. The six hours were 

previously tested and then selected for their representation of the full day and to cover most of the activity 

phase of the animals (data not shown). The first 10 minutes of these hours were tested for their accuracy in 

representing the full hour (data not shown). A total of 3 C57BL/6J and 2 BTBR colonies were scored manually 

for 5 days. Frequency and duration of behaviours were scored for every 10 minutes of each of the chosen six 

hours and data were shown as frequency per day and time spent per day. The data of the 5 days scored were 

summed and shown in the overall behaviour in order to analyze strain differences.  

Statistical analyses 

Frequency and duration of each behaviour were tested for normality and then analyzed per day using Two-

way ANOVA for repeated measures followed by a Bonferroni’s post-hoc test. Differences in the overall 

behaviour and neurochemical data were tested for normality and then analyzed using unpaired t-test. Results 

were expressed as mean ± S.E.M. Statistical analyses were performed using Graph Pad 5.0 (GraphPad 

Software, San Diego, CA) for Windows. Differences were considered statistically significant when P value was 

less than 0.05. 

 

Results 

In order to validate the VBS as suitable tool to study social group behaviour dynamics that naturally occur in 

a mixed-sex colony, we analyzed BTBR and C57BL/6J colonies.   

BTBR mice showed reduced social behaviours in VBS colony housing 

We scored both frequency and duration of social exploration and huddling as social behaviours. In particular, 

we found that the time spent on social explorative activities during day 2 was significantly decreased in BTBR 

compared to control (Fig. 2A, Two-way ANOVA RM followed by Bonferroni, F(1,28)=10.98, p<0.01 BTBR vs. 

C57BL/6J). In addition, the overall duration of social exploration was significantly decreased in BTBR 

compared to controls (Fig. 2B, Unpaired t-test, p<0.01 BTBR vs. C57BL/6J). Moreover, the frequency of social 

exploration during day 2, 3 and 5 was significantly decreased in BTBR compared to control strain (Fig. 2C, 

Two-way ANOVA RM followed by Bonferroni, F(1,28)=20.72, p<0.001, p<0.05 BTBR vs. C57BL/6J), and also the 

total frequency of social exploration was significantly decreased (Fig. 2D, Unpaired t-test, p<0.001 BTBR vs. 

C57BL/6J). On the other hand, there were no differences in time spent performing huddling in BTBR 

compared to controls (Fig. 2E, Two-way ANOVA RM followed by Bonferroni’s, n. s. BTBR vs. C57BL/6J, Fig. 2F 

Unpaired t-test, n. s. BTBR vs. C57BL/6J), while frequency during day 1 was significantly decreased in BTBR 

compared to controls (Fig. 2G, Two-way ANOVA RM followed by Bonferroni, F(1,28)=12.47, p<0.001 BTBR vs. 

C57BL/6J). Ultimately the total frequency of huddling was significantly reduced in BTBR compared to controls 

(Fig. 2H, Unpaired t-test, p<0.01 BTBR vs. C57BL/6J). 
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Figure 2 Duration and frequency of social behaviours in BTBR and C57BL/6J mice. Time spent performing social 

exploration per day (A) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, 

**p<0.01 vs. C57BL/6J. Overall time spent performing social exploration (B) in BTBR (white bar) and C57BL/6J (black 

bar) mice. Unpaired t-test, **p<0.01 vs.  C57BL/6J. Frequency of social exploration per day (C) in BTBR (red line) and 

C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, *p<0.05, **p<0.01 vs. C57BL/6J. Overall 

frequency of social exploration (D) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, ***p<0.001 vs.  

C57BL/6J. Time spent performing huddling per day (E) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA 

RM followed by Bonferroni, n.s. Overall time spent performing huddling (F) in BTBR (white bar) and C57BL/6J (black bar) 

mice. Unpaired t-test, **p<0.01 vs.  C57BL/6J. Frequency of huddling per day (G) in BTBR (red line) and C57BL/6J (black 

line) mice. Two-way ANOVA RM followed by Bonferroni, ***p<0.001 vs. C57BL/6J. Overall frequency of huddling (H) in 

BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, **p<0.01 vs.  C57BL/6J. Data are expressed as mean 

± SEM (n=12 for BTBR group, n=18 for C57BL/6J group). 

BTBR mice showed increased non-social behaviours in VBS colony housing  

We scored inactivity, environmental exploration, avoidance and passive/receiving social contact behaviours 

as non-social behaviours. Our results showed that there were no differences in time spent performing 

inactivity per day between the two strains (Fig. 3A, Two-way ANOVA RM followed by Bonferroni’s, n. s. BTBR 

vs. C57BL/6J), while the overall duration of alone inactivity was significantly increased in BTBR compared to 

control strain (Fig. 3B, Unpaired t-test, p<0.05 BTBR vs. C57BL/6J). Regarding frequency, there were no 

differences in both daily and overall alone inactivity between the two strains (Fig. 3C, Two-way ANOVA RM 

followed by Bonferroni’s, n. s. BTBR vs. C57BL/6J, Fig. 3D Unpaired t-test, n. s. BTBR vs. C57BL/6J). In addition, 

the time spent performing environmental exploration was not significantly different between the two strains 

(Fig. 3E, Two-way ANOVA RM followed by Bonferroni’s, n. s. BTBR vs. C57BL/6J, Fig. 3F, Unpaired t-test, n. s. 

BTBR vs. C57BL/6J). Moreover, the frequency of environmental exploration was significantly increased in 

BTBR mice during day 1 (Fig. 3G, Two-way ANOVA RM followed by Bonferroni, F(1,28)=0.4863, p<0.001 BTBR 

vs. C57BL/6J), although no differences were detected in the overall frequency of environmental exploration 

between the two strains (Fig. 3H, Unpaired t-test, n.s. BTBR vs. C57BL/6J). Furthermore, we found that BTBR 
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spent significantly more time performing avoidance behaviour during day 1 (Fig. 3I, Two-way ANOVA RM 

followed by Bonferroni, F(1,28)=0.01953, p<0.001 BTBR vs. C57BL/6J), while no differences were found in the 

overall avoidance duration (Fig. 3J, Unpaired t-test, n. s. BTBR vs. C57BL/6J). These results were confirmed 

with the avoidance frequency that was significantly increased in BTBR mice compared to controls only during 

day 1 (Fig. 3K, Two-way ANOVA RM followed by Bonferroni, F(1,28)=1.429, p<0.001 BTBR vs. C57BL/6J), and 

not in the overall avoidance frequency (Fig. 3L, Unpaired t-test, n. s. BTBR vs. C57BL/6J). Ultimately, time 

spent performing passive/receiving social contact behaviour did not differ between the two strains (Fig. 3M, 

Two-way ANOVA RM followed by Bonferroni’s, n. s. BTBR vs. C57BL/6J, Fig. 3N, Unpaired t-test, n. s. BTBR vs. 

C57BL/6J). Also daily frequency of passive/receiving social contact behaviour was not significantly different 

between BTBR and control animals (Fig. 3O, Two-way ANOVA RM followed by Bonferroni’s, n. s. BTBR vs. 

C57BL/6J), while BTBR showed significantly more passive/receiving social contact frequency compared to 

controls (Fig. 3P, Unpaired t-test, p<0.05 BTBR vs. C57BL/6J). 

 

Figure 3 Duration and frequency of non-social behaviours in BTBR and C57BL/6J mice. Time spent performing alone 

inactivity per day (A) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, n.s. 

Overall time spent performing alone inactivity (B) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, 

*p<0.05 vs.  C57BL/6J. Frequency of alone inactivity per day (C) in BTBR (red line) and C57BL/6J (black line) mice. Two-

way ANOVA RM followed by Bonferroni, n.s. Overall frequency of alone inactivity (D) in BTBR (white bar) and C57BL/6J 

(black bar) mice. Unpaired t-test, n.s. Time spent performing environmental exploration per day (E) in BTBR (red line) 

and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, n.s. Overall time spent performing 

environmental exploration (F) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Frequency of 

environmental exploration per day (G) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed 

by Bonferroni, ***p<0.001 vs. C57BL/6J. Overall frequency of environmental exploration (H) in BTBR (white bar) and 

C57BL/6J (black bar) mice. Unpaired t-test, n.s. Time spent performing avoidance per day (I) in BTBR (red line) and 

C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, ***p<0.001 vs. C57BL/6J. Overall time spent 

performing avoidance (J) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Frequency of avoidance 

per day (K) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, ***p<0.001 
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vs. C57BL/6J. Overall frequency of avoidance (L) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. 

Time spent performing passive/receiving social contact per day (M) in BTBR (red line) and C57BL/6J (black line) mice. 

Two-way ANOVA RM followed by Bonferroni, n.s. Overall time spent performing passive/receiving social contact (N) in 

BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Frequency of passive/receiving social contact per 

day (O) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, n.s. Overall 

frequency of passive/receiving social contact (P) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, 

*p<0.05 vs. C57BL/6J. Data are expressed as mean ± SEM (n=12 for BTBR group, n=18 for C57BL/6J group). 

BTBR mice showed novelty-induced aggressive behaviour in VBS colony housing 

We scored daily aggressive behaviour for both frequency and duration. We found that BTBR showed 

significantly more time spent performing aggression during day 1 (Fig. 4A, Two-way ANOVA RM followed by 

Bonferroni’s, F(1,28)=2.782, p<0.001 BTBR vs. C57BL/6J), while there were no differences in the overall 

aggressive behaviour duration between the two strains (Fig. 4B, Unpaired t-test, n. s. BTBR vs. C57BL/6J). In 

addition, frequency of aggression was increased in BTBR during day 1 (Fig.4C, Two-way ANOVA RM followed 

by Bonferroni’s, F(1,28)=2.907, p<0.001 BTBR vs. C57BL/6J), while there were no differences detected for the 

total aggression frequency (Fig. 4D, Unpaired t-test, n. s. BTBR vs. C57BL/6J). Since aggressive behaviour could 

be influenced from sexual activity, we scored also sexual activity for both frequency and duration and we did 

not find any differences per day or in the total sexual activity between BTBR and control mice for both 

duration (Fig. 4E, Two-way ANOVA RM followed by Bonferroni’s, n. s. BTBR vs. C57BL/6J, Fig. 4F,  Unpaired t-

test, n. s. BTBR vs. C57BL/6J) and frequency (Fig. 4G, Two-way ANOVA RM followed by Bonferroni’s, n. s. Fig. 

4H, n. s. BTBR vs. C57BL/6J, Unpaired t-test, n. s. BTBR vs. C57BL/6J). 

 

Figure 4 Duration and frequency of aggression and sexual activity in BTBR and C57BL/6J mice. Time spent performing 

aggression per day (A) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, 

***p<0.001 vs. C57BL/6J. Overall time spent performing aggression (B) in BTBR (white bar) and C57BL/6J (black bar) 

mice. Unpaired t-test, n.s. Frequency of aggression per day (C) in BTBR (red line) and C57BL/6J (black line) mice. Two-

way ANOVA RM followed by Bonferroni, ***p<0.001 vs. C57BL/6J. Overall frequency of aggression (D) in BTBR (white 
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bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Time spent performing sexual activity per day (E) in BTBR (red 

line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, n.s. Overall time spent performing 

sexual activity (F) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Frequency of sexual activity 

per day (G) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, n.s. Overall 

frequency of sexual activity (H) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Data are 

expressed as mean ± SEM (n=12 for BTBR group, n=18 for C57BL/6J group). 

BTBR mice showed increased grooming behaviour in VBS colony housing 

We scored grooming behaviour, which includes both allogrooming and autogrooming. We found that BTBR 

spent significantly more time performing grooming compared to controls during day 3 and 5 (Fig.5A, Two-

way ANOVA RM followed by Bonferroni’s, F=3.687, p<0.05, p<0.01 BTBR vs. C57BL/6J) and in the overall 

grooming (Fig. 5B, Unpaired t-test, p<0.05 BTBR vs. C57BL/6J). Regarding frequency, BTBR showed 

significantly lower grooming frequency during day 1 compared to control mice (Fig. 5C, Two-way ANOVA RM 

followed by Bonferroni’s, F=2.043, p<0.05 BTBR vs. C57BL/6J), while the overall grooming frequency was not 

significantly different between the two strains (Fig. 5D, Unpaired t-test, n. s.  BTBR vs. C57BL/6J).  

To investigate whether the alteration in social activities in BTBR strain were due to alterations in general 

activity, we scored also the total activity of BTBR and C57BL/6J colonies, pooling all the active behaviours 

(social exploration, alone exploration, avoidance, passive, aggressive behaviour, sexual activity and 

grooming). Our results showed that there were no differences in time spent performing total activity in BTBR 

compared to controls during the daily scoring (Fig.5E, Two-way ANOVA RM followed by Bonferroni’s, n. s. 

BTBR vs. C57BL/6J) and in the overall duration of total activity (Fig. 5F, Unpaired t-test, n. s. BTBR vs. 

C57BL/6J). Furthermore, we found an increase in total activity frequency during day 1 and a decrease during 

day 3 in BTBR mice compared to controls (Fig. 5G, Two-way ANOVA RM followed by Bonferroni’s, 

F(1,28)=5.306, p<0.05 BTBR vs. C57BL/6J), while there were no differences in the overall frequency of total 

activity between the two strains (Fig. 5H, Unpaired t-test, n. s. BTBR vs. C57BL/6J). 
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Figure 5 Duration and frequency of grooming and general activity in BTBR and C57BL/6J mice. Time spent performing 

grooming per day (A) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, 

*p<0.05, ***p<0.001 vs. C57BL/6J. Overall time spent performing grooming (B) in BTBR (white bar) and C57BL/6J (black 

bar) mice. Unpaired t-test, *p<0.05 vs. C57BL/6J. Frequency of grooming per day (C) in BTBR (red line) and C57BL/6J 

(black line) mice. Two-way ANOVA RM followed by Bonferroni, *p<0.05 vs. C57BL/6J. Overall frequency of grooming (D) 

in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Time spent performing general activity per day 

(E) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by Bonferroni, n.s. Overall time spent 

performing general activity (F) in BTBR (white bar) and C57BL/6J (black bar) mice. Unpaired t-test, n.s. Frequency of 

general activity per day (G) in BTBR (red line) and C57BL/6J (black line) mice. Two-way ANOVA RM followed by 

Bonferroni, *p<0.05 vs. C57BL/6J. Overall frequency of general activity (H) in BTBR (white bar) and C57BL/6J (black bar) 

mice. Unpaired t-test, n.s. Data are expressed as mean ± SEM (n=12 for BTBR group, n=18 for C57BL/6J group). 

 

Conclusion 

Our study validated the use of the VBS as a behavioural paradigm to deeply analyze sociability and social 

withdrawal behaviours, investigating mixed-sex group-housed dynamics in rodents. In conclusion, the VBS 

can be used as a tool to study behavioural dysfunctions, ultimately helping to design effective treatments for 

behavioural symptoms observed across neuropsychiatric diseases. 

 

These results are included in a submitted original research article (Bove et al, under review). 
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