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INTRODUCTION 
Growth selection has been widely studied in mice, and in most of the experiments, ovulation 
rate and litter size have been observed to change as a correlated response to growth selection 
(e.g. Eisen, 1974 ; Roberts, 1981 ; McCarthy, 1982). As selection experiments are usually 
undertaken with restricted population size, an increase of inbreeding is inevitable, which has 
consequent deleterious effect on fitness. The aim of this study was to measure the correlated 
effects of growth selection on components of reproductive fitness in primiparous females. The 
effects of inbreeding, which was at very high levels in the lines available, on the reproductive 
fitness of the animals was examined by making crosses among the lines. Further, in order to 
assess whether the fitness of animals was reduced simply because they were extreme, crosses 
were made both within and between heavy and light lines. The use of 'replicated' growth lines 
enabled more general conclusions to be drawn of the effects.  
 
MATERIAL AND METHODS 
A unique set of mouse lines was used to estimate the effects of growth selection and inbreeding 
on a range of components of reproductive fitness. Seven genetically high and four genetically 
low growth lines from different long-term growth selection experiments in various countries, 
with different selection backgrounds and histories, were brought together and subjected to a 
rapid inbreeding over several generations. The inbreeding coefficient within all lines exceeded 
90% at the time of the study (for detailed line description see Bünger et. al., 2001).  
 
There were two groups of inbred females, namely heavy (H) and light (L), e.g. in the H group 
the results presented here were pooled over seven high growth lines and over the mating 
partners (full-brother or inbred H or L male from another line). The outbred females were 
crosses between two lines with either the same selection objective (HH=heavy and LL=light) 
or different selection objective (HL, LH=medium sized) and all were mated with an unrelated 
outbred male. The females were weighed at the day of mating (BW) and dissected at the 18th 
day of gestation. The number of live foetuses (LF), number of dead embryos (POS) and 
ovulation rate (OR) were counted. Pre-implantation losses (PRE) were calculated as the 
difference between ovulation rate and number of eggs implanted to uterine horns.  
 
Least square means, using GLM procedure in SAS, were calculated for each size group 
separately (heavy, medium, light). The model included the type of the female, e.g. within 
heavy group inbred (H) and outbred (HH), and also the mating partner within the type. Since 
the outbred females were older at mating, a correction for age within a size group was fitted in 
the models.  
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RESULTS AND DISCUSSION 
There was a wide range of body weight available, heavy females being on average almost three 
times as heavy as the light females, with the medium sized females intermediate (table 1). The 
effect of growth selection on the ovulation rate was large, the difference in ovulation rates 
between heavy and light females averaging eight ova.  
 
Table 1. Least square means with standard errors of body weight at mating (BW), 
ovulation rate (OR), and number of live foetuses (LF), corrected for age within  group 
 

 
Size group 

 

 
Female type 

 
n 

 
BW, g 

 
OR 

 
LF 

 
Medium 

 
HL 

 
49 

 
33.2±0.7 

 
14.0±0.5 

 
11.5±0.4 

 LH 72 29.5±0.6 14.0±0.4 11.9±0.4 
 

Heavy 
 

H 
 

296 
 

46.3±0.9 
 

17.0±0.4 
 

10.7±0.4 
 HH 90 49.2±1.5 17.8±0.6 14.2±0.6 
 

Light 
 

L 
 

217 
 

15.8±0.2 
 

8.3±0.2 
 

6.8±0.2 
 LL 108 19.5±0.3 9.7±0.3 7.8±0.3 

 
 
The regression of ovulation rate on body weight within inbred lines was similar across lines, 
averaging 0.3 ova/g. Furthermore, there were no significant differences between inbred and 
outbred females in the regression estimates. This result suggests that the genetic connection 
between ovulation rate and body weight was consistent and not greatly affected by the 
inbreeding. Similar estimates of genetical regressions have been reported earlier (Falconer and 
Roberts, 1960 ; Land, 1970).  
 
Ovulation rate was corrected for body weight within a size group, i.e. Heavy (H, HH), medium 
(HL, LH) and light (L, LL) females. The corrected ovulation rates were not  significantly 
different (p>0.05) between the type of females within the size groups, i.e. Inbreeding did not 
seem to have a large effect on the ovulation rate (figure 1). The survival of eggs to foetuses 
was clearly higher among the heavy mice in the outbred females than in the inbred females 
(figure 1). The losses in inbred females were mainly due to losses before implantation, while 
the post-implantation losses were affected more by the inbreeding effects on the foetus. 
However, when a body weight correction was made among the light females, there was no 
significant difference in the number of live foetuses between inbred and outbred females. 
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Figure 1. Least square means of ovulation rate (OR), pre- and post-implantation losses 
(PRE, POS) and number of live foetuses (LF) in heavy (H, HH), medium (HL, LH) and 
light (L, LL) females, corrected for body weight and age within size 
 
The average body weight of the outbred extremes (34g) was somewhat higher than the average 
of the medium sized females (31g), but very close to the intermediate on a log scale. As was 
expected from its linear regression on body weight, the average ovulation rate was around 14 
ova for both groups. However, the number of live foetuses was on average somewhat higher 
for the medium size females (11.4) than the average of extremes (10.8). This suggests that the 
intermediates might be somewhat fitter. Roberts (1981) has also discussed the lower 
reproductive rate of extreme , particularly large sized mice.  
 
In figure 2 the means of ovulation rate and number of live foetuses are plotted against body 
weight for all experimental groups including both inbreds and outbreds. It illustrates the 
consistent connection between ovulation rate and body weight. Thus the ovulation rate of the 
female, no matter her size or inbreeding, would be easy to predict from her body weight. The 
number of live foetuses, however, tend to be lower in inbred females; and additionally the 
heavier the animal the greater the embryonic mortality (the difference between OR and LF).  
 
The pregnancy rates were the highest in outbred medium sized females, equal to 98%. The 
heavy and light outbred females had a pregnancy rate of 88% on average, and in both size 
groups the inbred females had clearly lower pregnancy rates, i.e. under 78%. Also the 
proportion of females that failed to ovulate was higher among the inbred than the outbred 
females and also higher among the extreme sized than the medium sized females.  
 
Taking into account the embryonic losses and the pregnancy rates a reproductive output was 
calculated for each group of mice by multiplying the number of live foetuses by the pregnancy 
rate. The predicted reproductive outputs for inbred females (only those mated with a full-
brother included) are approximately 9 and 5 pups, for heavy and light females, respectively.  
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Figure 2. Mean OR and LF for all experimental groups plotted against mean body weight 
(g). Lines of fitted values estimated with exponential model. (Closed marks for outbred 
and open marks for inbred females) 
 
The corresponding figures for outbred females are 15 pups and 7 pups, respectively. Both the 
effects of growth selection and inbreeding are clearly seen in these figures. The medium sized 
outbred females had an average reproductive output of 12 pups, which is one pup more than 
the mean of outbred heavy and light females. Hence, the medium sized females had a slightly 
higher reproductive output than the extremes, due to the lower embryonic losses and higher 
pregnancy rate. 
 
CONCLUSIONS 
A consistent positive connection between ovulation rate and body weight was observed. It was 
not greatly affected by inbreeding. However, the embryonic mortality was increased by both 
growth selection and inbreeding. The experimental data suggested that the reproductive fitness 
is higher for medium sized (heavy x light cross) outbred females than for the average of the 
outbred extreme sized females. 
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