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ABSTRACT 
Some mouse strains are difficult to breed successfully, as they have a strong tendency to 
cannibalize their newborn pups. It is believed that this behavior is stress-related. We 
hypothesize that the provision of enrichment devices in the cage of breeding pairs of 
animals may lower stress levels and hence the animals will care better foe their young, 
resulting in increased survival of litters. To test this hypothesis, we compared the effect 
of providing enrichment devices on litter survival in two strains of mice, C57BL/6 and 
CXCR3-/-. CXCR3-/- mice have a higher tendency than C57BL/6 to cannibalize their 
young. For each strain, we compared the effects of providing a) no enrichment (control 
group), b) nestlets alone (enriched group),  or c) Mouse House, Calorie Free Treats, and 
nestlets (super-enriched group) for 4-5 breeder pairs over a four month period. Our data 
showed that, although there was a trend towards higher numbers of pups being weaned in 
the enriched and super-enriched than in the non-enriched C57BL/6 groups, the difference 
was not statistically significant. However, there was a highly statistically significant 
increase in the numbers of pups weaned in the super-enriched compared to the non-
enriched CXCR3-/- groups (P=0.0016, Student’s t test). Although there was a trend 
towards better survival of pups in the enriched compared to the non-enriched CXCR3/-/ 
mice, the difference was not statistically significant. In summary, our results support the 
idea that the provision of enrichment devices may lead to increased survival in mouse 
litters. 
 
 
INTRODUCTION 
Successfully breeding some mouse strains can be difficult, since they have a strong 
tendency to cannibalize their newborn pups. This behavior is probably stress-related. 
Stress levels may be reduced, by supplying breeding pairs of animals with enrichment 
devices to help mimic their natural environments. We propose that the provision of these 
devices would encourage several natural behaviors such as nest-building, chewing, 
foraging, tunneling, establishing shelter or refuge, hiding when frightened, as well as 
climbing. If the stress levels are decreased, that the parents are more likely to better care 
for their young, resulting in increased survival of litters. Thus, more efficient breeding 
would lead to better production of experimental animals and more efficiently planned 
experiments. 
 
Previously published studies have shown that enrichment devices can lower anxiety 
levels, and stress responses in mice, measured by standardized behavioral tests ((1) 
Benaroya- Milshstein  et al.2004, (2) Marashi et al. 2003, (3) 2004, (4) Wolfer et al., 
2004) Abnormal repetitive behaviors (stereotypies) are also reduced when the cage 
environment is made more stimulating ((4) Wolfer, 2004). However, no studies have 
addressed the effect of enrichment devices on mouse breeding and litter survival. 
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Therefore, in this study, we compared the effect of litter survival in two strains of mice, 
C57BL/6 and CXCR3-/-. Although both  mouse strains have a tendency to cannibalize 
their young, the CXCR3-/- mice have a higher tendency to do so than the C57BL/6 mice. 
For each strain, we compared the effects of providing a) no enrichment (control group), 
b) nestlets alone (enriched group),  or c) Mouse House, Calorie Free Treats, and nestlets 
(super-enriched group) for 4-5 breeder pairs over a four month period. The objective 
measures of success in this study were the number of litters produced, the frequency of 
cannibalization of litters by parents, and the survival of litters to weaning. 
 
 
MATERIALS AND METHODS 
C57 BL/6 mice were purchased from Jackson Laboratories (Bar Harbor, ME). Breeding 
pairs of CXCR3-/- mice were originally provided by Dr. Craig Gerard (Children’s 
Hospital, Harvard Medical School, Boston, MA) and were maintained as a breeding 
colony in the vivarium at Torrey Pines Institute for Molecular Studies. All mice were 
paired at 7-11 weeks old (1 male: 1 female of the same strain). 
 
Three enrichment conditions were used: non-enriched, enriched, and super-enriched. Five 
breeding pairs were paired and placed in each enrichment condition for each strain of 
mice. The non-enriched environment was limited to aspen-chip bedding (Nepco, 
Warrensburg, NY) on the cage floor. The enriched setting consisted of aspen-chip 
bedding on the cage floor and a nestlet (Ancare, Bellmore, NY) as the sole source of 
enrichment, without any food on the floor. (The nestlets are chemically inert, odorless, 
non-ingestible two-inch squares of sterilized pulped virgin cotton fiber.) Nestlets were 
replaced as needed, up to 2 nestlets per week. The super-enriched surroundings 
incorporated a Mouse House, Calorie Free Treats, nestlets, and aspen-chip bedding. (The 
Mouse Houses, obtained from Techniplast USA (Exton, PA), were autoclaveable, multi-
leveled, with dual entries, made of a red colored plastic, GE resin, which is transparent to 
human observers, but appears dark or opaque to mice.) A Mouse House was positioned, 
in each cage of this group, at the beginning of the study, and transferred to the clean cage 
during routine husbandry. When the device became excessively soiled, it was exchanged 
for a clean Mouse House. (The Calorie Free Treats, supplied by Bio-serv (Frenchtown, 
NJ), are one-gram balls of cellulose fiber with artificial pina-colada flavoring and have no 
nutritional value.) Calorie Free Treats were administered at the rate of one treat per adult 
mouse per day, with up to 2 additional treats per day once litters were roughly 14 days 
old. Figure 1 shows the various devices used, while Figure 2 shows mice with litters in 
each of the three environments. 
 
RESULTS 
The number of litters born, number of pups born, number of pups weaned, and 
percentage of pups surviving  until weaning were recoded over a four month observation 
period. The results are summarized in Table 1. Data, from 3 cages, was excluded from 
the study, as the female mouse either died or had to be euthanized during the observation 
period, precluding  collection of data over the complete four month period. A female in 
the C57BL/6 super-enriched group developed a malocclusion, a female in the enriched 
group of C57BL/6 had to be euthanized as a result of pregnancy complications, and a 
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female was found dead in the non-enriched group of CXCR3-/-. The remaining mice 
were alive and healthy at the termination of the study. 
 
The data showed that the provision of an enriched or super-enriched environment did not 
lead to a significant increase in the numbers of litters or total numbers of C57BL/6 pups 
born (Table 1, Figure 3A). Although there was a trend towards higher numbers of 
C57BL/6 pups being weaned in the enriched and super-enriched groups, compared to the 
non-enriched group, the difference was not statistically significant (P=0.09 and P=0.07, 
respectively, Student’s t test). There was a similar trend in the percentages of C57BL/6 
pups weaned in the enriched and super-enriched , compared to the non-enriched group 
(Table 1, Figure 4). However, again the difference was not statistically significant. This 
was, in part, due to considerable variability in the survival of pups in the non-enriched 
group - for some pairs, high percentages of their offspring survived until weaning, 
whereas for others, as few as 25% of the pups survived until weaning (Table 1). 
 
Although the difference did not quite reach statistical significance, (P=0.0586, Student’s t 
test, Figure 3B, Table 1), there was a trend towards higher numbers of pups being born in 
the super-enriched CXCR3-/- mice, compared to the non-enriched mice of the same 
strain. There was, however, a statistically high significance in the difference of numbers 
of pups surviving to weaning in the super-enriched compared with the non-enriched 
CXCR3-/- group (P=0.0016, Student’s t test, Figure 3B, Table 1). This did not solely 
reflect the increase in the number of pups born, as the percentage of pups surviving to 
weaning was also significantly different in the super-enriched and non-enriched groups 
(P=0.0154, Student’s t test, Figure 4, Table 1). Thus the mean percentage of pups 
surviving until weaning in the super-enriched group was more than double that in the 
non-enriched group. Although the average number and percentage of pups surviving until 
weaning was considerable higher for the enriched compared to the non-enriched CXCR3-
/- groups, the difference was not significantly different (Figure 3B, Figure 4, Table 1). 
This seemed to reflect considerable variation between different pairs of CXCR3-/- mice 
in the enriched group. High proportions of pups survived from some breeding pairs, 
although fewer than 50% of the pups were weaned from others (Table 1). 
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Figure 1 

Examples of enrichment devices used in this study. 
A. Techniplast Mouse House 

B. Calorie Free Treats 
C. Nestlets 

 

                                                                              

 
Figure 2 

Examples of environmental conditions used in this study. 
A. Non-enriched cage 

B. Enriched environment (nestlet only) 
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C. Super-enriched environment comprising Mouse House, nestlet, and Calorie Free 
Treats. 

C57BL/6 CXCR3-/-

CAGE# NON- SUPER- NON- SUPER-SUPER-

LITTERS ENRICHED ENRICHED ENRICHED ENRICHED ENRICHED ENRICHEDENRICHED

 BORN

1 4 3 3 4 3 

2 3 4 3 2 2 2 

3 3 4 5 1 3 3 

4 2 2 3 2 1 4 

5 2 4 4 2 

MEAN 2.8 3.25 3.75 2 2.8 2.8 

STD. DEV. 0.83 0.95 0.95 0.81 1.3 0.83 

NUMBER

 BORN

1 32 21 22 27 24 

2 26 27 24 20 16 29 

3 27 32 23 7 32 23 

4 8 16 24 19 7 24 

5 13 31 20 22 

MEAN 21.2 24 25.5 17 20.4 24.4 

STD. DEV. 10.18 6.97 3.69 6.78 9.71 2.7 

NUMBER

 WEANED

1 8 16 7 23 12 

2 9 23 18 8 15 18 

3 21 18 13 3 9 15 

4 7 12 18 0 3 13 

5 4 20 11 18 

MEAN 9.8 17.25 17.25 4.5 12.2 15.2 

STD. DEV. 6.53 4.57 2.98 3.69 7.42 2.77 

PERCENT

 WEANED

1 25 76.2 31.8 85.2 50 

2 34.6 85.2 75 40 93.8 62 

3 77.8 56.2 56.5 42.9 28.1 65.2 

4 87.5 75 75 0 42.9 54.1 

5 30.8 64.5 55 81.8 

MEAN 51.14 73.15 67.75 28.67 61 62.62 

STD. DEV. 29.16 12.18 8.98 19.68 27.87 12.31  
Table 1. 
Summary of results. 
The effect of providing enrichment devices on the number of pups born and the number 
surviving until weaning was compared in two strains of mice, C57BL/6 and CXCR3-/-. 
We compared the effects of providing a) no enrichment (control group),  b) nestlets alone 
(enriched group), and c) Mouse House, Calorie Free Treats, and nestlets (super-enriched 
group) for 4-5 breeding pairs of each strain, over a four month period. The data represent 
the total numbers of mice born or surviving until weaning and the calculated percentages 
of pups surviving  until weaning for each breeding pair. Both the number and percentage 
of mice surviving until weaning in the super-enriched group of CXCR3-/-  mice was 
significantly higher than in the non-enriched group of CXCR3-/- mice (P= 0.0016 and P= 
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0.0154 respectively, Student’s t test). 
 
 
 
 
 
 
Figure 3.   
Effect of environmental enrichment on numbers of pups born and weaned.  
The effect of providing enrichment devices on the number of the percentage of pups 
surviving until weaning was compared as described in the legend to Table 1. The data 
represent mean numbers of pups born or mean number of pups surviving until weaning + 
S.D. for the 4-5 cages in each enrichment group. ** The numbers of mice surviving until 
weaning was significantly higher in the super-enriched compared to the non-enriched 
group of CXCR3-/- mice (P<0.01, Student’s t test). 
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B. CXCR3-/- mice 
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Figure 4. Effect of environmental enrichment on percentages of C57BL/6 and 
CXCR3-/- pups surviving until weaning The effect of providing enrichment devices on 
the number of the percentage of pups surviving until weaning was compared as described 
in the legend to Table 1. The data represent mean percentages of pups surviving until 
weaning + S.D. for the 4-5 cages in each enrichment group, calculated from the data 
shown in Table 1 and Figure 3. * The percentage of mice surviving until weaning was 
significantly higher in the super-enriched compared to the non-enriched group of 
CXCR3-/- mice (P<0.05, Student’s t test). 
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DISCUSSION AND CONCLUSIONS 
Overall our data showed that the provision of environmental enrichment, particularly a 
super-enriched environment, has a significant effect on survival of mouse litters. It is 
likely that this reflects a decrease in stress in the mice, as environmental enrichment 
devices have been shown to reduce stress in behavioral studies of mice. The enriched 
environment that we have provided would allow the mice to carry out natural behaviors 
such as nest-building, chewing, foraging, tunneling, establishing a shelter or refuge, 
hiding when frightened and climbing. It is likely that the reduction in stress levels caused 
by these activities improves care of the pups by the parents and results in fewer deaths of 
pups through cannibalism or neglect. An alternative possibility is that enrichment devices 
such as nestlets or mouse houses provide warmth, which results in increased survival of 
pups. However this seems less likely as the temperature is strictly regulated in our mouse 
breeding rooms and furthermore, our routine observations suggest that in the non-
enriched groups, the pups are neglected, killed and/or eaten by the parents rather than 
dying of hypothermia.  
 
The effect of enrichment devices on survival of mouse litters appeared to be strain-
dependent, as the difference in the CXCR3-/- mice was significant, whereas it was not in 
the C57BL/6 groups. However, a similar trend was seen in the C57BL/6 mice. 
Furthermore, as survival of litters to weaning in the non-enriched group of C57BL/6 mice 
is higher on average than in the CXCR3-/- non-enriched group, it is not unexpected that 
providing enrichment devices has a more significant effect on the CXCR3-/- than on the 
C57BL/6 groups of mice.  
 
In conclusion, our results support the idea that the provision of enrichment devices may 
lead to increased survival in mouse litters. 
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