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Abstract
The present study investigated the effects of environment enrichment on the development and reproductive perform-
ance of an outbred Swiss strain. Physical enrichment consisted of free access of animals to tubular devices of different 
shapes and sizes. The development evaluation was done by monitoring growth rate during 39 days, from weaning 
(21 days) to the onset of sexual maturity (60 days of age). Over five consecutive gestations (105 days), the following 
variables were monitored: litter size, number of animals born alive; number of pups alive at 12 hours and on days 
4, 9, 12, 15 and 18; number of animals weaned per litter; average weight of litters on days 4, 9, 12, 15 and 18. The 
reproductive performance was then evaluated using the inclusion of these variables in the indices of gestation and 
birth, viability, lactation, survival success, mating success and production. The results showed that the environmental 
enrichment did not influence, in a significant way, the evaluated parameters. However, there is no reason to deprive 
the animals from an enriched environment where they can develop their natural instinctive behaviour and guarantee 
health and well-being.
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Desenvolvimento e performance reprodutiva de  
camundongos Swiss em ambiente enriquecido

Resumo
O presente estudo investigou efeitos do enriquecimento ambiental sobre o desenvolvimento e a performance reprodu-
tiva de camundongos outbred da linhagem Swiss. O enriquecimento teve como base o livre acesso dos animais a dis-
positivos tubulares de tamanhos e formas diferentes. A avaliação do desenvolvimento a partir da taxa de crescimento 
decorreu por um período de 39 dias, desde o desmame (21 dias) até os 60 dias de vida (maturidade sexual). Durante 
cinco gestações consecutivas (105 dias), foram registradas as seguintes variáveis: média do tamanho da ninhada, nú-
mero de animais nascidos vivos; número de filhotes vivos em 12 horas, e nos dias 4, 9, 12, 15 e 18; número de animais 
desmamados por ninhada; e a média do peso dos filhotes nos dias 4, 9, 12, 15 e 18. A performance reprodutiva foi 
então avaliada a partir da inclusão dessas variáveis nos índices de gestação e nascimento, viabilidade, lactação, su-
cesso de sobrevivência, sucesso de acasalamento e produção. Os resultados obtidos mostraram que o enriquecimento 
ambiental não influenciou significativamente no desenvolvimento e na performance reprodutiva de camundongos da 
linhagem Swiss para nenhum dos parâmetros avaliados. Contudo, não há motivo para privar os animais de um am-
biente enriquecido onde possam desenvolver seu comportamento instintivo natural e, consequentemente, viver com 
saúde e bem-estar.

Palavras-chave: enriquecimento ambiental, desenvolvimento, performance reprodutiva, camundongo.

1. Introduction

Laboratory housing conditions can deprive animals 
of the possibility to perform a wide set of normal behav-
iour (van de Weerd et al., 1998). The lack of capacity of 
the animals on developing species specific behavior may 
cause signs of suffering such as abnormal behavior or 
pathology (Jensen and Toates, 1993).

Environmental enrichment itself changes the envi-
ronment introducing materials or objects that are stimu-
lants to the animals, allowing them to express more of 
their natural repertoire of behaviour (Manosevitz and 
Montemayor, 1972). The most promising method to im-
prove the welfare of experimental animals in laboratories 
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3 cm of pine shavings (Biotécnicas, São Paulo, Brazil). 
The amount of food (Guabi Nutrilabor, Campinas, 
Brazil) and water were available ad libitum, being 
switched weekly.

In addition, the enriched group had access in their 
microenvironment to tubes and connections of poly vinyl 
carbonate (PVC) of many shapes (Figure 1). The tubes 
and connections were changed weekly in a way that 
the animals would always face a newly shaped device 
(Figure 2). During this stage the weight of the animals, in 
both treatments, was monitored every 72 hours. The final 
weight gain was determined by the difference between 
the final and initial weight of the animals.

2.3. Reproductive performance

By the onset of sexual maturity, the animals were 
mated as monogamic couples avoiding consanguinity. 
Six couples were formed in non-enriched conditions 
and six in enriched conditions. One female of the non-
enriched group died for unknown reasons and one fe-
male of the enriched group had problems after the first 
gestation which apparently led to sterility. There were, 
then, 5 couples in enriched conditions and 5 couples 
in non-enriched conditions at this stage of the experi-
ment.

After mating, all 10 couples were housed separately 
in polypropylene cages 17.5 x 27.5 x 13.0 cm (Beiramar, 
Campinas, Brazil). The amount of food, pine shavings and 
water was standardized in 200 g, 45 g and 500 mL, respec-

is to enrich the handling conditions (Broom and Johnson, 
1993). In one way, companionship can work as a way 
of environmental enrichment. In particular, individuals 
of the same species can give social support in stressful 
situations, and numerous studies point to this factor as 
being a positive one to the health of animals in captivity, 
especially in social life (Gonyou, 1986; Huls et al., 1991; 
Sachser et al., 1998; von Holst, 1998). On the other hand, 
the aggressive behavior of male mice may increase when 
groups with more than 3 individuals are formed (van Loo 
et al., 2001). However, natural elements, nest materials, 
and/or additional space may facilitate the animal enrich-
ment, again by letting these animals motivated to show 
positive behaviour (Sachses et al., 1998; van Loo et al., 
2001; Marashi et al., 2003).

Many authors performing behaviour tests on the ef-
fects of environmental enrichment upon mice have dem-
onstrated a distinctive effect compared to those observed 
on animals under standard conditions, such as improved 
locomotory and exploratory activity (Manosevitz, 1970; 
Manosevitz and Montemayor, 1972; Prior and Sachser, 
1995), object exploration (Renner and Rosenzweig, 
1986; Widman and Rosellini, 1990), learning abil-
ity (Boehm et al., 1996; Röttger et al., 2001), problem-
solving behaviour (Forgays and Forgays, 1952; Hebb, 
1947), and decreased anxiety (Prior and Sachser, 1995). 
However, some reports have pointed out the lack of stud-
ies that discuss the effects of the enrichment devices on 
the rising and survival of mice (Inglis et al., 2004).

This work aimed to evaluate the effects of environ-
mental enrichment initially on growth rate from wean-
ing (with 21 days of age) to sexual maturity (60 days 
of age) (Ufaw, 1986) and later on reproductive perform-
ance, which was assessed by estimating the indices of 
gestation and birth, viability, lactation (Iturrian and Fink, 
1968), mating success, surviving success and production 
(Potgieter and Wilke, 1997). Physical enrichment con-
sisted of free access of animals to tubular devices of dif-
ferent shapes and sizes.

2. Material and Methods

2.1. Animals

Male (12) and female (12) mice mice  (Mus musculus  
Linnaeus, 1758) of Swiss strain were obtained from the 
Animal Facilities of the Federal University of Ceará.

2.2. Growth rate

Females and males were separated forming 4 groups 
of six animals each in such a way that six males and six 
females formed the enriched group and the other animals 
formed the non-enriched group. The treatment was be-
gun at weaning at 21 days of age and ended at the onset 
of sexual maturity by 60 days of age.

The animals were housed by sex and grouped in 
4 polypropylene cages 17.5 x 27.5 x 13 cm (Beiramar, 
Campinas, Brazil), being two non-enriched and two en-
riched. The grounds of the cages were covered with 2 to 

Figure 1. Non-enriched animal group and enriched group in 
their respective microenvironments.
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4 days post partum, and only 9% of deaths occur during 
the lactation period (Mirone et al., 1948). The number of 
pups alive on day 4 was, then, chosen as an indicator of 
pup viability (Potgieter and Wilke, 1997).

Since young mice start to consume solid food by day 
12, and milk yield reaches maximum levels on days 12 – 
13 post partum, day 12 was used to determine the lacta-
tion index (Potgieter and Wilke, 1997).

The expectation for litter size was determined by 
counting the number of fetuses in 11 pregnant females 
(day 17 of pregnancy). These females were bred under 
standard conditions.

tively, being swapped weekly. Five gestations were moni-
tored (105 days) because after the sixth gestation there is 
a fertility compromise (Ufaw, 1986). Weaning occurred 
after 18 days of age to avoid contact between new-born 
pups and the previous hatch. During the experiment the 
following variables were monitored: litter size (number of 
animals born alive); number of pups alive in 12 hours and 
on days 4, 9, 12, 15 and 18; number of animals weaned 
per litter; average body weight of litters on days 4, 9, 12, 
15 and 18 and number of litters born per female.

Studies have demonstrated that, concerning deaths, 
the frequency is that 91% of those occur in the first 

Figure 2. Tubular devices used as providers of environment enrichment.
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Figure 3 shows that the body weight gain observed 
every 72 hours in the males of the enriched environment 
and those in the non-enriched environment was signifi-
cantly close to each other (p > 0.05; t-Student test) and as 
a matter of fact it overlapped in many points. There was, 
however, a trend towards gaining more weight in the 
males of the enriched group and a trend towards greater 
weight gain in the females of non-enriched group, lead-
ing to a significant difference (p < 0.05; t-Student test) 
on day 33 and in the interval of day 39 to 54. On the 
other days there was no significant difference (p > 0.05; 
t-Student test) among the evaluated groups.

4.2. Reproductive performance

4.2.1. Gestation and birth

According to Table 1, the litter size of the animals in 
the enriched environment (10.3 ± 2.4) and those of the 
non-enriched environment (10.8 ± 1.5) was in all aspects 
equivalent to the expectancy for the litter size (11.3). 

As shown in Table 2, the gestation and birth rates of 
animals in the non-enriched (95.8 ± 13.6%) and in the 
enriched group (91.2 ± 20.9%) were similar to each other 
(p = 0.2763; Mann-Whitney test).

3. Statistical Analysis

The statistical analysis of the animals’ weight ob-
tained every 72 hours and the final weight gain were 
evaluated with the software GraphPad InStat v. 3.06. 
The significance between the collected data from the en-
riched group (test) and those of the non-enriched group 
(control) was analyzed by t-Student simple comparison 
tests for parametric data and Mann-Whitney tests for 
non-parametric data. The level of confidence was 95% 
(α = 0.05).

An estimation of the effects of the introduction of 
tubular shapes over the reproductive performance was 
calculated using the following formulas (Iturrian and 
Fink, 1968):

Average litter alive at birth x 100 
Gestation and birth  

Expected litter size
=

Average litter alive on day 4 x 100
Viability   

Average litter alive after birth
=

Average litter alive on day 12 x 100 
Lactation 

Average litter alive on day 4
=

The survival success, mating success and production 
were calculated according to Potgieter and Wilke (1997) 
as follows:

Average litter weaned x 100
Survival Success  

Average litter born alive
=

Number of litters born x 100 
Mating Success  

*Expected number of litters
=

*The expected number of litters was determined by 
counting the gestations (5 females x 5 gestations) and 
multiplying this value by the average litter size (11.27) 
obtained by counting the litters of 10 females sacrificed 
on day 16 of gestational period.

Number of animals weaned x 100 
Production  

Number of animals expected 
=

Data obtained from the calculated indices were sub-
mitted to statistical analysis with the software GraphPad 
InStat v. 3.06. Parametric and non-parametric simple 
index comparison tests obtained from the enriched and 
non-enriched groups were performed. For such com-
parisons, the t-Student test (parametric) evaluated the 
significance between the two treatments of the gestation 
and birth, lactation, survival success and mating success 
indices. The confidence level of the interferences was 
95% (α = 0.05).

4. Results

4.1. Growth rate

There was no significant (p > 0.05; t-Student test) 
difference between final body weight gain of males 
(24.3 ± 2.0 g) and females (19.6 ± 2.4 g) from the non-en-
riched group when compared to the males (23.8 ± 1.5 g) 
and females (17.5 ± 2.4 g) of the enriched group. 
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Figure 3. Body weight gain of males and females taken 
every 72 hours from non-enriched (control) and enriched 
group (test). There was no significant difference in body 
weight gain of males (p > 0.05; t-Student test) between the 
groups and a trend toward greater weight gain in the females 
of non-enriched group, leading to a significant difference 
(p < 0.05; t-Student test) on day 33 and in the interval of day 
39 to 54. On the other days there was no significant differ-
ence (p > 0.05; t-Student test) among the evaluated groups.
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4.3. Survival success

There was no significant difference (p = 0.4154; 
Mann-Whitney test) of the survival success between the 
non-enriched and the enriched groups. Table 2 shows a 
survival success of 98.9 ± 4.0 % for the non-enriched 
group and 99.4 ± 2.1% for the enriched group. 

4.4. Mating success

The animals kept in both environments showed simi-
lar values of produced litters (p = 0.2763; Mann-Whitney 
test). Table 2 shows a mating success of 95.8 ± 13.6% in 
the non-enriched group and of 91.2 ± 20.9% in the en-
riched group. 

4.5. Production

As shown in Table 2, the production index of the 
non-enriched group was 94.1 ± 14.0% and that of the 

4.2.2. Viability

As shown in Table 2, the viability of the animals 
in the non-enriched (99.7 ± 1.4%) and enriched group 
(100 ± 0.00%) was also similar to each other.

4.2.3. Lactation

No significant difference was observed (p = 0.9917; 
Mann-Whitney test) in the number of litters that reached 
12 days of age between the groups, the lactation rate for 
both groups was 99.7 ± 1.7% (Table 1).

There was no significant difference (p > 0.05; 
t‑Student test) between the control and test treatments 
concerning the body weight gain of the litters during the 
period between 4 and 18 days of age, although there was 
a trend towards greater weight gain in animals of the en-
riched group. 

Table 1. The effect of environmental enrichment upon the development and reproductive performance of mice from the 
Swiss strain.

Birth Viability
C* T** C T

Number of pups 270 257 267 256

Litter size average 10.80 10.28 10.68 10,24

(SD)*** (1.53) (2.35) (1.68) (2.28)

Litter size expectation 11.27 11.27 11.27 11.27

(SD)* (1.27) (1.27) (1.27) (1.27)

Number of litters 11 11 11 11

Day 4 Day 9 Day 12 Day 15 Day 18
C T C T C T C T C T

Number of pups 266 256 265 255 265 255 265 255 265 255

Litter size average 10.64 10.24 10.6 10.2 10.6 10.2 10.6 10.2 10.6 10.2

(SD)*** (1.60) (2.28) (1.58) (2.25) (1.58) (2.25) (1.58) (2.25) (1.58) (2.25)

Litter size expectation 11.27 11.27 11.27 11.27 11.27 11.27 11.27 11.27 11.27 11.27

(SD)* (1.27) (1.27) (1.27) (1.27) (1.27) (1.27) (1.27) (1.27) (1.27) (1.27)

Number of litters 11 11 11 11 11 11 11 11 11 11
The couple that did not procreate during the study was omitted from the calculation of the litter average size. The number 
of pups born for each type of environment shows that there was no significant difference between these two environments. 
The litter size expectation was obtained using a standard environment. *C = control, mice in non-enriched environment; 
**T = test, mice in enriched group; *** SD = Standard Deviation.

Table 2. Comparison of developmental and reproductive parameters of Swiss strain mice housed in enriched (T) and non-
enriched environment (C): Gestation and Birth (GN), Viability (V), Lactation (L), Survival Success (SS), Coupling Success 
(SA) and Production (P).

GN V L SS SA P
C T C T C T C T C T C T

Average % 95.8 91.2 99.7 100 99.7 99.7 98.1 99.4 95.8 91.2 94.1 90.5

SD* 13.6 20.9 1.4 0 1.7 1.7 4.0 2.1 13.6 20.9 14.0 20.0

Number of litters 25 25 25 25 25 25 25 25 25 25 25 25
*SD = Standard Deviation.
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Therefore the tubular devices used for environmental 
enrichment did not cause any ovulatory stimulation that 
could lead to a higher number of pups per litter. This sup-
position agrees with previous findings (Marashi et  al., 
2004), which have shown that there is no hormonal vari-
ation significantly different between enriched and non-
enriched groups.

In this study, the mortality rate was extremely low 
up to the first four days of age, a fact that agrees with 
the results described by other workers (Iturrian and 
Fink, 1968). However, other reports (Mirone et al., 
1948; Potgieter and Wilke, 1997) have shown higher 
mortality rates during this period. Potgieter and Wilke 
(1997) have found extreme variation in the mortality rate 
up to the fourth day of age in different strains varying 
from 20.7  to 69.6% under standard housing conditions 
(non-enriched), similar to the ones of the present work, 
especially in what concerns the bedding conditions. 
According to those authors, such variability and death 
incidence can be explained mainly by a different suscep-
tibility of the strain to prenatal and postnatal cytotoxic 
effects caused by volatile hydro-carbons released from 
the pine shavings, leading to premature death of pups. 
The cause of death is less attributed to aggression or ten-
dency for cannibalism shown by some strains. These pe-
culiar behaviours are conditioned by genetic factors and 
stressing environmental conditions (Inglis et al., 2004).

The almost null mortality rate and consequent high 
viability found in this work, either for animals kept in 
enriched or non-enriched conditions, may be explained 
by a higher resistance to the cytotoxic effects of the pine 
shavings allied to a peculiar docility of the mice strain 
used.

 As shown in Table 2, from birth to the fourth day of 
age, 4 deaths occurred in the non-enriched group and 2 
deaths in the enriched group. The deaths must have been 
caused mainly by suffocation and/or by being stamped 
upon, and also, rarely, by cannibalism. However, being 
the Swiss strain extremely docile and kept in adequate 
conditions of nutrition and housing and, still, possibly 
resistant to the cytotoxic effects of pine shavings, the en-
vironmental enrichment as a promoter of pup viability 
would not be that efficient. 

The lactation index deals with the ratio of surviv-
ing pups on day 4, limit period to the viability index 
analysis, to surviving pups on day 12 which is consid-
ered the period in which the pups start to ingest solid 
food (Iturrian and Fink, 1968). The high and extremely 
similar index of lactation of both groups observed in the 
present study corresponds to those described in previ-
ous works with a low mortality rate from 4 to 12 days 
of age (Mirone et  al., 1948). Mirone et al. (1948) and 
Potgieter and Wilke (1997) have stated that the rate of 
mortality during this period can reach values of around 
9%. Potgieter and Wilke (1997) have found a mortality 
rate of 1.4% and 9.5% in mice of the B6AKF1 and AKR 
strains, respectively. In mice of the C57BL6 strain, liv-
ing under the same conditions, it was registered a mor-

enriched group was 90.5 ± 20.0%, indicating that both 
were equal to each other (p = 0.713; t-Student test). 

5. Discussion

5.1. Rate of survival

Although many authors have reported that environ-
ment enrichment influences the positive behavior of 
housed animals (van de Weerd et al., 1998; Jensen and 
Toates, 1993; Mench, 1994), this was not observed for 
the growth rate. It has been known that mice in super-
enriched housing conditions gain more weight than those 
kept under standard conditions (van de Weerd et  al., 
2004). Nevertheless in the present work, the results 
showed that the weight gain was similar, either for males 
or females in both groups. This result can be explained 
by the low diversification and/or inadequacy of the ma-
terials used as enrichment, since works have described 
materials with many different shapes such as ramps, 
ropes, stairs and little cages (Marashi et al., 2004). In 
addition to that, previous studies have shown that many 
physiological parameters susceptible to improvement by 
environmental enrichment are strongly influenced by the 
strain, group size and by the type and amount of enrich-
ment devices used (Marashi et al., 2004; van de Weerd 
et al., 2004; Inglis et al., 2004).

The values of weight gain constitute the difference 
between the body weights at the end and at the beginning 
of the experiment. Thus it is not possible to show losses 
that occurred between 21 and 60 days of age. On the other 
hand, the weight gain measured every 72 hours revealed 
an increase of body mass in the females of both groups 
although body weight gain of females from the enriched 
group was inferior to those of the non-enriched group 
between 33 and 54 days of age. However, during the pe-
riod between 55 and 60 days of age, the females of the 
enriched group gained weight more rapidly reaching the 
values of females of the non-enriched group. The period 
between 21 and 60 days of age is characterized by the 
transition of the juvenile to the adult stage (Ufaw, 1986) 
strongly influenced by hormonal activity. Therefore the 
association of the introduction of objects into the envi-
ronment with a decrease in weight gain between 33 and 
54 days of age is uncertain. As to males, the weight gain 
taken every 72 hours was regular and statistically similar 
to each other in the two groups (p > 0.05). 

Thus, it is clear that Swiss strain mice that have had 
access to many tubular shapes as promoting agents of 
enrichment did not gain weight significantly greater than 
those under standard conditions from weaning to sexual 
maturity.

5.2. Reproductive performance

The results concerning the gestation and birth indi-
ces met those described previously which have shown no 
difference among the non-enriched, the enriched and the 
super-enriched groups as to the number of litters born 
for the C57BL6 e CXCR3 -/- strains (Inglis et al., 2004). 
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observe that there is no significant difference between 
these values. The data taken from the analysis of this 
parameter were still similar in both groups, strengthen-
ing the idea that the environmental enrichment promoted 
by tubular objects did not contribute to the improvement 
of development and reproductive performance of mice 
from the Swiss strain.

6. Conclusions

Based on these results, it is possible to conclude that 
the use of tubular devices as a factor of enrichment of 
micro-environments of outbred mice of the Swiss strain 
does not affect significantly their development and re-
productive performance. 
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tality rate of 7.9% in the period from 9 to 12 days of 
age. This parameter can also reflect the resistance of the 
Swiss strain mice to the toxic effects of bedding material 
as mentioned above, but in no way can it be associated 
to the influence of environment enrichment. As shown 
in Table 2 and Figure 3 there is no significant differ-
ence (p > 0.05) between the enriched and non-enriched 
groups concerning the lactation rate. The two deaths that 
occurred during this period, one in the enriched and the 
other in the non-enriched group, were caused by suffoca-
tion and/or by being stamped upon.

The lactation index is, still, determinative in the good 
development of the pups, since a deficit on milk produc-
tion would lead to inadequate weight gain and would 
raise death susceptibility by many causes.

Figure 4 shows that there was no difference between 
weight gain between pups kept in enriched and those in 
non-enriched environments during the lactation period. 
Therefore environment enrichment does not work as a 
promoting agent for lactation activity. 

The survival rate of the pups until the 4th day of age 
(viability index) and during the period between 5 and 
12  days of age (index of lactation) was extremely el-
evated in both treatments (Table 2). Therefore the pups 
survived the period which is usually the one with the 
highest death incidence (Mirone et al., 1948; Potgieter 
and Wilke, 1997). As to the period between day 13 and 
weaning (18 days of life), this is characterized by low, 
and often null, mortality rate (Iturrian and Fink, 1968; 
Potgieter and Wilke, 1997) which agrees with the results 
found in the present work (Table 2). Due to the high in-
dex of lactation and viability in both groups, the success 
survival (from day 13 to 18 of life) was also high in both 
groups (p < 0.05). 

Inglis et al. (2004) have evidenced the positive in-
fluence of environment enrichment over the survival of 
weaned pups of the CXCR3-/- strain. However, any such 
influence on the same parameter in mice of the C57BL/6 
strain has not been observed. This leads to the belief that 
the effect of environmental enrichment over the number 
of weaned pups is a factor that depends on the strain. 

By comparing the average size of the litter born 
(mating success) to the litter size expectation, one can 
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Figure 4. Comparison between body weight gain of grow-
ing Swiss mice kept on enriched (test) and non-enriched 
environment (control). There was no significant difference 
(p > 0.05) between group.
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