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Abstract: Studying the behavioural patterns of animals in their house may help to under-
stand their needs, but there has been a little investigation of home-cage behaviours in 
commonly used inbred strains of mice such as C57BL/6 and DBA/2. Therefore, under-
standing behavioural patterns in these mice is important for neuroscience research. For 
the first time, this experiment was carried out to investigate the long-term effects of hous-
ing conditions (single vs. group) on home cage behaviour of C57BL/6 and DBA/2 mice, 
in order to reveal differences between C57BL/6 and DBA/2 in home-cage behaviours and 
in response to single-housing. Sixty-four mice (32 mice/strain) were housed either singly 
(SH) (n= 32) or in four groups, each group contained 8 animals. Home cage behavioural 
patterns were recorded weekly using ethogram-based instantaneous sampling for 5 con-
secutive weeks. Regardless of strain, single housed (SH) mice displayed higher levels of 
grooming and bedding directed-behaviours and were more frequently seen in-the-crawl 
ball, and had lower levels of feeding behaviour compared to their group housed (GH) 
conspecifics. There were significant strain differences in anxiety-related behaviours with 
the DBA/2 strain demonstrating higher levels of sleep, feeding and grooming behaviour 
and frequent presence in-the-crawl ball, and lower levels of exploration, locomotion and 
bedding-directed behaviour compared to the C57BL/6 strain. The results therefore sug-
gest that different housing systems influence home cage behaviours of laboratory mice 
with the mice of the DBA/2 strain appearing more anxious. These findings may also have 
great implications for researchers to decide the most appropriate phenotype to use in 
measuring neural response–relevant behaviours in novel animal/human models. 
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Introduction 

The housing conditions of laboratory rodents 

have been demonstrated to induce changes in 

their behaviour, physiology and pathology (1) 

which in turn could impact the reproducibility 

and validity of experimental results. An im-

portant aspect of the housing conditions is the 

social environment (e.g. single versus group 

housing). Improving the housing conditions of 

laboratory rodents may enhance welfare in 

these animals by promoting their ability to cope 

with the environment, and may also improve 

the accuracy of experimental data by providing 

a more valid animal model for research, and 

may therefore reduce the number of animals 

used. 

The hypothesis that alterations in home-cage 

behaviour can upset neural circuit function has 

attracted much consideration of the recent years 

both in the context of disease detection and 

more commonly to quantify food consumption 

and activity parameters (2). Moreover, great ef-

fort was directed towards the ‘mouse phenome’ 

relating characterization of common inbred 

strains to various behavioural tests (3). Signifi-

cant differences have been found between in-

bred mice strains in spontaneously emitted ac-

tivity, particularly in the open-field test (4). In 

addition, large genetic differences in movement 

as a response to stimulant administration (5) 

could provide evidence of genetic associates 

with many behaviours, such as sleep (6). Stud-

ies carried out on inbred strains of mice have 

revealed consistent differences in behaviour 

due to the biological functions of their genotype 

(7). In addition, many different inbred genetic 

lines showed differences in behaviour which 

pose challenges when seeking functional expla-

nations for specific neural mechanisms (8). 

Therefore, there is interest in assigning particu-

lar behavioural phenotypes as characteristic 

features to easily differentiate each mouse 

strain and further to develop easy criteria to as-

sess their behavioural competences (9). 

C57BL/6 and DBA/2 are two of the com-

monly used inbred strains of laboratory mice. 

Numerous behavioural differences have been 

reported between them (10); furthermore, envi-

ronmental manipulations have induced remark-

able differences in epigenetic effects between 

strains (11). Studying home-cage behavioural 

differences between strains can yield several 

advantages for behavioural phenotypic pur-

poses e.g. reliable measurement of stable be-

havioural circadian rhythms that are highly re-

sponsive to environmental signals, such as light 

and human interference (12). 

Individual housing is generally not recom-

mended for social laboratory rodents such as 

mice as it compromises their welfare, but there 

remains some confusion surrounding the im-

pact of individual housing on mice. Many au-

thors illustrated that single housing, compared 

to group housing of mice does not amplify uri-

nary corticosterone level (13-16), whereas oth-

ers agreed that individual housing for social an-

imals like mice is a stressful condition (17). 

Measures of physiological stress; however, do 

not necessarily correlate with subjective wel-

fare of the animal. Together with the conflicting 

research on stress this highlights the need for a 

further investigation onto the impact of individ-

ual housing on mice, and how this might differ 

between strains, especially on the consequences 

for their behaviour. In the present study, the 

home-cage behaviour of single and group 

housed C57BL/6 and DBA/2 mice was investi-

gated using ethogram-based behavioural obser-

vation. 

Material and methods 

General animal housing 

Sixty-four adult male mice (32 C57BL/6J 

and 32 DBA/2), purchased from the Animal 

House, Theodor Bilharz Research Institute, 

Giza, Egypt, were used in this experiment. The 

mice were 10 weeks of age on arrival and had 

an average body weight about 28 g. After trans-

portation, all animals were given 2 weeks to ha-

bituate to their new environment and to adjust 

to the new lighting regime and were therefore 

12 weeks of age at the start of the experiment. 

All cages were supplied with sawdust (as bed-

ding material) and a crawl-ball (115 mm, with 

3 × 58 mm holes, polycarbonate ball, Lillico, 

UK) as an enrichment object. Cages were in-

spected daily and were cleaned once a week, 
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during which mice were removed and re-

housed in clean cages with new bedding mate-

rial. Mice had ad-libitum access to pelleted food 

(Mice chow®, Oil and Soap Manufacturing 

Company, El-Gharbia, Egypt) and tap water, 

were maintained under conditions of controlled 

temperature (22±2 ºC) and humidity (60%) and 

were checked daily. The room was maintained 

under a 12:12 h light/dark cycle. Lights were 

turned off at 19:00 h and on at 07:00 h with a 

continuous dim red light allowing observation 

in the dark phase. 

The group housed mice were marked on 

their tails by using a permanent marker pen to 

allow individual identification and these marks 

were refreshed every week throughout the ex-

perimental period. Likewise, the single housed 

mice were handled every week to avoid the be-

havioural changes between the two groups. 

All experimental procedures were per-

formed in accordance with the agreement for 

the Animal Care and Use and Approval of Eth-

ics Committee for Animal Experimentation of 

Mansoura University, Egypt and care was taken 

to comply with the 3R concept. 

Experimental treatments 

A total of 64 mice representing two strains 

(32 mice of DBA/2J strain and 32 mice of 

C57BL/6J strain) were arbitrarily assigned to 

one of the following two experimental treat-

ments: 

1) “Single housing” (SH): 16 mice of 

DBA/2J strain and 16 mice of C57BL/6J strain 

(n= 32) were housed singly in Plexiglas cages 

(27.5 cm length × 16.5 cm width × 21.5 cm 

height). 

2) “Group housing” (GH): 16 mice of 

DBA/2J strain and 16 mice of C57BL/6J strain 

(n= 8) were housed in groups of four in Plexi-

glas cages (27.5 cm length × 16.5 cm width × 

21.5 cm height). 

All animals were introduced to their particu-

lar experimental treatments at 12 weeks of age 

and were naïve to the housing conditions. They 

were kept under the same housing condition un-

til they were 17 weeks old; the age at which data 

collection was stopped. 

 

Behavioural assessment 

In order to allow mice to habituate to the 

presence of the observer, the observer entered 

the experimental room 10 min before the obser-

vation started (18). Behaviour of the mice in 

each cage was recorded in the usual housing lo-

cation during the dark phase when mice are 

most active. Observations were made in real 

time using an instantaneous scan sampling 

method with 10s intervals. Each sample interval 

was prompted by an audio cue via headphones, 

and the behaviour was recorded into a check 

sheet. Observation sessions, were carried out 

consecutively on the same day, and lasted 640 

s (100s per mouse, yielding 10 scans per mouse 

for each of 64 mice). Observation was carried 

out for each cage once per week for five con-

secutive weeks. This meant a total of 50 scans 

were recorded per mouse over the entire exper-

imental period. A complete ethogram of mice’s 

behaviours is shown in Table 1. 

Data analyses 

Data was organized and summarized and 

tested for normality, linearity and homogeneity 

of variance. Then the average percentage of 

scans spent performing each behavioural pat-

tern for each individual mouse was calculated 

by dividing the number of scans for each behav-

ioural variable by the total number of scans and 

the resultant value was multiplied by 100. Two-

way ANOVA was used to test for differences in 

behavioural patterns between the two strains of 

mice (DBA/2 and C57BL/6J) within the two 

experimental treatments (group and single 

housing) and result were expressed as Means ± 

standard error (M ± SEM) as independent vari-

ables followed by Bonferroni-PostHoc tests to 

compare each strain to its housing type using 

SPSS V.20. In cases of the significant interac-

tions (interaction between two variables), e.g. 

housing system*strain, general linear model 

was used to compare means of behavioural pat-

terns with different housing system as a factor 

and strain as a dependent variable. 
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Results 

Main effect of experimental treatment  

The output of the two-way ANOVA-test 

showed that there was an effect of housing con-

ditions on the home cage behaviour of mice 

with the mice in the SH treatment displaying 

higher levels of enrichment-directed behav-

iours (F3,60= 27.59, P= 0.001) (Fig. 1) than 

those in the GH, and those of C57BL/6J dis-

played higher levels of bedding-directed behav-

iours (F3,60= 5.647, P= 0.035) (Fig. 3) compared 

to their conspecifics in GH treatment. On the 

other hand, GH mice showed higher levels of 

ingestive behaviour compared to SH mice 

(F3,60= 10.851, P= 0.01) (Fig. 4). 

Main effect of strain 

Several behaviour patterns recorded in this  

study showed an effect of mouse strain: Enrich 

ment-directed behaviour and sleep were higher 

in DBA/2J mice in both housing conditions 

compared to C57BL/6J (F3,60= 30.654, P= 

0.001) (Fig. 1) (F3,60= 44.075.94, P= 0.001) 

(Fig. 5) respectively, in contrast, exploration 

(F3,60= 54.327, P< 0.001) (Fig. 6) and locomo-

tion (F3,60= 37.623, P< 0.001) (Fig. 7) were 

higher in C57BL/6J . 

Housing*strain interaction effects 

SH mice of the DBA/2J strain displayed 

higher levels of grooming (F3,60= 9.204, P= 

0.01) (Fig. 2). Whereas bedding-directed be-

haviours in SH treatment (F3,60= 9.661, P< 

0.009) (Fig. 3) were more frequently performed 

by C57BL/6J mice than those of DBA/2J. Fur-

thermore, feeding behaviour were highly sig-

nificant in GH treatment in DBA/2J mice 

(F3,60= 11.083, P= 0.006) (Fig. 4). 

 

 

 
Table 1: Ethogram for behavioural elements recorded 

Behavioural category Description 

Feeding behaviour Rears up to gnaw at food pellets through the bars of the food hopper.  

Grooming Lick its fur, groom with the forepaws, or scratch with any limb. 

Sleep 
Lying un alert with both eyes closed, curled up on its side, with its face 

tucked into its body and motionless. 

Exploratory behaviour (investigation 

of food and environment) 

Investigate food; investigate a non-food object in the environment 

(Sniffing cage wall, cage top and cage floor, (air-in) sniffing air inside 

the cage). 

Bedding-directed behaviours 

Digging, sniffing bedding, bedding manipulation (pushing bedding ma-

terial forwards or backwards with nose, forepaws or hind legs) and bur-

rowing. 

Locomotion Movement in the cage. 

In-the-crawl ball  
Mice were encapsulated by the crawl ball in which the whole body of 

the animal- with or without its tail- was inside the ball. 
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Figure 1: Average % of scans in the crawl-ball by the mice of the two inbred strains in the two experimental 

treatments. Data represent mean ± SEM, *** P<0.001, ** P<0.01. D2G: GH-DBA/2; B6G: GH-C57BL/6J; 

D2S: SH-DBA/2; B6S: SH- C57BL/6J 

 

 

Figure 2: Average % of scans grooming by the mice of the two inbred strains in the two experimental 

treatments. Data represent mean ± SEM, ** P<0.01, * P<0.05. D2G: GH-DBA/2; B6G: GH-C57BL/6J; 

D2S: SH-DBA/2; B6S: SH- C57BL/6J  
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Figure 3: Average % of scans in bedding-directed behaviour by the mice of the two inbred strains in the 

two experimental treatments. Data represent mean ± SEM, ** P<0.01. D2G: GH-DBA/2; B6G: GH-

C57BL/6J; D2S: SH-DBA/2; B6S: SH- C57BL/6J 

 

 

Figure 4: Average % of scans in feeding behaviour by the mice of the two inbred strains in the two exper-

imental treatments. Data represent mean ± SEM, *** P<0.001. D2G: GH-DBA/2; B6G: GH-C57BL/6J; 

D2S: SH-DBA/2; B6S: SH- C57BL/6J 
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Figure 5: Average % of scans sleeping by the mice of the two inbred strains in the two experimental treat-

ments. Data represent mean ± SEM, ** P<0.01, *** P<0.001. D2G: GH- DBA/2; B6G: GH-C57BL/6J; 

D2S: SH-DBA/2; B6S: SH- C57BL/6J 

 

 

Figure 6: Average % of scans in exploratory behaviour by the mice of the two inbred strains in the two 

experimental treatments. Data represent mean ± SEM, *** P<0.001. D2G: GH-DBA/2; B6G: GH-

C57BL/6J; D2S: SH-DBA/2; B6S: SH- C57BL/6J 
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Figure 7: Average % of scans in locomotion by the mice of the two inbred strains in the two experimental 

treatments. Data represent mean ± SEM, *** P<0.001. D2G: GH- DBA/2; B6G: GH-C57BL/6J; D2S: SH-

DBA/2; B6S: SH- C57BL/6J 

 

Discussion 

The aim of this experiment was to examine 

whether home cage behaviours vary between 

laboratory mice experiencing different housing 

conditions between two of the commonly used 

strains of mice, namely DBA/2J and C57BL/6J. 

The results of this study show clear differences 

between mice in different social environments 

where SH increased the levels of some behav-

iours including presence in the crawl-ball, 

grooming and bedding-directed behaviour 

whereas GH enhanced other behaviours such as 

feeding behaviour. The strain of the mice also 

had a significant effect on their home cage be-

haviours with individuals of the DBA/2J strain 

were more frequently seen sleeping, feeding, 

grooming, and in-the-crawl ball, and less fre-

quently explorative, locomotive and directing 

behaviours towards bedding materials com-

pared to mice of the C57BL/6J strain.  

Although home cage behaviours play an in-

tegral role in monitoring stress responses and 

anxiety, there have been remarkably few stud-

ies comparing these behaviours particularly be-

tween the C57BL/6J and DBA/2 strains of la-

boratory mice. There has been some confusion 

surrounding the differences in behaviour be-

tween the strains. Frequent observations in 

many behavioural tests such as the novelty-in-

duced locomotor activity test demonstrated that 

C57BL/6 was a highly active strain and that the 

DBA/2 was an intermediate one (19). Likewise, 

other reports showed that C57BL/6 was signif-

icantly more active (20) than DBA/2 strain. 

Other studies, however, could not establish a 

significant difference in activity between the 

two strains (21), while some found that DBA/2 

strain was significantly more active than the 

C57BL/6 strain (22). 

The results presented here showed a strain 

difference in the time period of sleep behaviour, 

with individuals of the DBA/2J strain sleeping 
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more than those of C57BL/6J strain in both 

housing conditions (GH and SH). This result 

supports that of (23) who found that DBA/2J 

mice were more anxious than C57BL/6J. Previ-

ous studies showed that mice with elevated lev-

els of anxiety slept more and showed longer 

sleep latencies than those with low levels of 

anxiety (24). Differences in the levels of explor-

atory behaviour reported between strains of 

mice in the current experiment can also be ex-

plained in the light of anxiety levels of the two 

strains. Lower levels of exploratory behaviour 

expressed by individuals of DBA/2J could be 

due to the fact that they are more anxious than 

C57BL/6J. It has been previously shown that 

exploratory behaviour is influenced by levels of 

anxiety in which high level of anxiety sup-

presses exploration, and anxiety is associated 

with behavioural transition from ongoing be-

haviours such as transition from exploration to 

flight (escape) or other defensive behaviours 

(25-27).  

Studies have compared locomotor activities 

between these strains of mice; however, these 

studies often compared their performance in 

different locomotor tests and the conclusions 

were inconsistent. For instance, C57BL/6J was 

shown as a higher-activity mouse strain than 

DBA/2J (28) whereas; no significant activity 

difference between the two strains (21). It was 

also found that DBA/2J mice were more active 

than C57BL/6J (22). Our findings compared 

their performance in their original home cages 

and showed that C57BL/6J mice performed 

more locomotor activity than DBA/2. Such re-

sults agree with those who illustrated that back-

ground strain differences and genetic mutations 

can affect locomotion (29). Furthermore, our 

results can fit with other findings which associ-

ated excessive motor activities with C57BL/6J 

mice (19). These results indicate that there are 

significant differences in activity and explora-

tion between strains of mice. Therefore, differ-

ences between inbred mice should be consid-

ered when interpreting results from studies us-

ing inbred mouse strains (30).  

Our data also showed a strain effect and 

treatment effect for being in-the-crawl ball. 

DBA/2J mice were seen in the crawl ball more 

frequently than C57BL/6J and this can be ex-

plained in reference to their high level of anxi-

ety. DBA/2 mice were more prone to hide in-

side the crawl ball due to their high level of anx-

iety and fear response. The crawl ball can en-

capsulate small rodents like mice therefore 

providing them with shelter and retreat. This is 

consistent with the performance of these strains 

in the elevated plus maze where DBA/2J was 

shown to spend more time in the closed arms of 

the maze than C57BL/6J (31). On the other 

hand, SH mice of the two strains were more fre-

quently seen in-the-crawl ball compared to GH 

counterparts. This could be due to SH mice 

treated crawl ball as the only surrogate physical 

contact in their environment that can receive 

their attention at the expense of other behav-

iour, whereas GH mice directed much of their 

behaviour towards conspecific animals in the 

cage.  

Our results also found greater feeding be-

haviour in DBA/2J mice compared to 

C57BL/6J in GH mice. It was reported that food 

ingestion of individually housed male DBA/2J 

mice was greater than that of male C57BL/6J 

by 5-10% (32, 33). Similarly, it was found that 

food intake of DBA/2 mice was 50% higher 

than in C57BL/6J (34). The same author did not 

explain the difference between their results in 

2005 and 2007 but given that DBA/2 mice have 

higher basal metabolic rate by 30% and a core 

temperature 0.7°C higher than C57BL/6J (35), 

small differences in ambient temperature could 

explain the strain difference. 

The reason for high levels of feeding per-

formed by DBA/2J mice in GH conditions com-

pared to SH could be their high levels of energy 

expenditure and movement activity. SH 

DBA/2J mice were found to sleep more and to 

move less than their conspecifics in GH situa-

tion therefore consuming less food. It could also 

be due to high levels of social interaction (both 

aggressive and non-aggressive) in GH situa-

tion. On the other hand, low level of food intake 

in SH condition could be due to stress experi-

enced by these animals. Chronic stress has been 

shown to have an anorexic affect (reduces food 

and water intake) (36) in laboratory rodents.  
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There was also a strain-housing interaction 

effect on the level of grooming behaviour with 

DBA/2J self-groomed more than C57BL/6J in 

single housing situations. The higher level of 

grooming expressed by DBA/2J mice could be 

due to the high levels of sleep in these animals. 

Self-grooming was reported as the most time-

consuming activity of the laboratory rodent 

awake time and second most time-consuming 

activity in laboratory rodents after sleep and 

was reported to be concentrated around sleep-

ing time. It takes place after sleeping, but also 

occurs when the animal prepares for sleep (37). 

But it could also be due to the high levels of 

anxiety in these animals (38, 39) as grooming 

could be acting as an alternative satisfier or 

“tension- reducer”. Similarly, it was illustrated 

that grooming is extensively identified as a be-

havioural marker of stress in rodents (40), sug-

gesting the possibility that more grooming in 

DBA/2J mice especially in single rather than 

group housed situation may be due to the high 

level of anxiety in this strain. The reason for the 

finding that SH mice groomed more than GH 

mice could be the stress of single housing. It has 

been illustrated that mice are social animals 

thus individual housing is a kind of stressful 

condition for them (41). 

The results of the current experiment also re-

vealed that SH mice of the C57BL/6J strain ex-

hibited higher levels of bedding-directed be-

haviours compared to those of the GH. The in-

crease in the level of bedding-directed behav-

iour by the SH mice could be explained as an 

attempt to escape. Single housing of laboratory 

rodents in laboratory cages has been shown to 

be stressful and to increase specific forms of be-

haviours termed as 'escape-related' (42). 

Whereas the increased level of bedding-di-

rected behaviours by the C57BL/6J than 

DBA/2J mice could reflect their high level of 

activity and exploration. 

Conclusion 

Our findings clearly highlight the im-

portance of social factors and strain in modulat-

ing the behaviour of inbred mice and call for 

cautious interpretations of behavioural changes 

incurred by these factors. Moreover, under-

standing strain differences in behaviours of 

DBA/2J and C57BL/6J mice may help us in 

finding better animal models of specific neuro-

behavioural responses in terms of genotype-de-

pendent sensitivity of animals to stress and its 

relation to their behaviours. For example, our 

data on higher locomotion in C57BL/6J mice 

suggest that C57BL/6J mice may be a better 

choice than DBA/2J in order to study the effects 

of genetic mutations and drug administration 

likely to affect such behaviour.  
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