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INTRODUCTION 
In modern pig breeding programs the nucleus lines often consist in populations of 200 to 1000 
sows which can be regarded as closed and small populations. In these populations, increase of 
inbreeding is expected in the long term and it is of interest to know possible inbreeding 
depression. The inbreeding is also a major concern for small endangered breeds. 
 
MATERIAL AND METHODS 
Data from the closed population of the Göttingen Minipig are analysed to study inbreeding 
depression for litter traits and the development of growth from birth to an age of 12 months. In 
total 1191 litters from 282 sows and growth traits of 6777 piglets recorded from 1992 to 1998 
in one multiplier farm in Denmark were available. The inbreeding coefficients of sows and 
piglets were calculated using all available pedigree information back to 1970. The means, 
standard deviations and number of animals for the traits analysed are shown in table 1. The 
weight up to the age of 6 months and from the age of 6 to 12 months are expressed as a 
deviation from the average growth curve. For further details see Brandt et al. (1998). It should 
be mentioned that the inbreeding coefficients of sows and piglets are normally distributed in 
contrast to other studies with a high percentage of non-inbred animals compared to a small 
number of animals with inbreeding coefficients higher than zero (Bereskin et al., 1968 ; 
Bereskin et al., 1970)  
 
Table 1. Number of observations, means and standard deviations for the traits analysed  
 
  Trait                                             (Unit) Number Mean Standard deviation 
 Inbreeding of piglets (%) 6777   9.96 1.78 
 Inbreeding of sows (%)   282 10.23 1.59 
 Birth weight (g) 6777    434  103 
 Weight up to 6 months (g) 6183     36  940 
 Weight from 6 to 12 months (kg) 1710  0.20 4.02 
 Piglets per litter born alive (piglets) 1191    6.4 2.07 
 Piglets per litter born dead (piglets) 1191  0.22 0.63 
 Average birth weight per litter  (g) 1184   439    84 
 
The data were analysed using the GLM procedure of the SAS program package. For litter traits 
in the model the litter number and the year of farrowing were used as fixed effects as well as 
the inbreeding of sows and litters as covariates. To detect a possible non-linear relationship 
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between inbreeding coefficients of sows and litter traits a second model with the inbreeding of 
sows as a fixed effect with classes of 35 to 40 sows was used. The average inbreeding 
coefficients within these classes are shown on the x-axis in figure 1. For the individual piglet 
birth weight, the weight up to the age of 6 and from 6 to 12 months, a model with the fixed 
effects of sex and year of birth as well as the covariates inbreeding of dam, inbreeding of piglet 
and number of piglets in the birth litter was used. 
 
RESULTS 
The effects of year and litter number are highly significant (p<0.1%) for piglets born alive and 
average litter weight. The inbreeding classes show a significant effect (p<1%) on number of 
piglets born alive. The effect of total number of piglets is highly significant (p<0.1%) for 
average birth weight, individual birth weight and weight up to an age of 6 months. The 
inbreeding of sows and of litters as covariates do not show a significant effect on the number 
of piglets born alive or born dead. For average and individual birth weights as well as weight 
up to an age of 6 months, the inbreeding of sow as a covariate is highly significant (p<0.1%). 
The inbreeding of piglets as a covariate does not show a significant effect on litter traits but is 
highly significant for the weight up to the age of  6 months. 
Figure 1 shows the least square means for number of piglets born alive and born dead 
according to inbreeding classes of sows. Although there was a significant effect of inbreeding 
classes on piglets born alive, the figure does not show any linear trend of inbreeding nor a non-
linear relationship between inbreeding of sows and litter traits. In figure 2, the effect of sow 
inbreeding treated either as a fixed effect (inbreeding classes) or a covariate on average birth 
weight is illustrated. The figure clearly shows the linear relationship between the inbreeding of 
sow and average birth weight. This relationship is found when considering first litters only or 
for all litters.  
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Figure 1. Least square means for litter traits for classes of imbreeding of sows (values on 
the x-axis represent the average inbreeding of sows within each class) 
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Figure 2. Least square means for average birth weight for classes of sow inbreeding for 
first and all litters and linear regression function (dotted line). (Values on the x-axis 
represent the average inbreeding of sows within each class) 
 
In table 2 the estimated regression coefficients of piglet weights on the inbreeding of sows and 
piglets and on total number of piglets in birth litter are shown. The regression coefficients 
show that the total number of piglets has the highest effect on piglets birth weight but also on 
the weight up to an age of 6 months. The table also shows that for birth weight the inbreeding 
of the sow is more important than the inbreeding of the piglet. For the weight up to 6 months, 
the inbreeding of the sow and of the piglet show a very similar effect. 
 
Table 2. Estimated regression coefficients of weights on the inbreeding coefficient (in 
gram per % inbreeding) and on number of total piglets born within a litter (in gram per 
piglet) with standard errors of regression coefficients in brackets 
 
 Average 

birth weight 
Individual 

birth weight 
Weight up to  

6 months 
Weight from  

6 to 12 months 

Inbreeding of piglets - 2.3 
(1.32) 

- 1.3 
(0.70) 

- 25.6 
(6.7) 

- 88.5 
(48.7) 

Inbreeding of sows - 6.0 
(1.95) 

- 7.0 
(0.97) 

- 24.9 
(9.1) 

- 108.2 
(85.4) 

Total piglets in birth 
litter 

-10.9 
(1.26) 

- 11.0 
(0.64) 

- 48.2 
(6.0) 

- 36.7 
(49.1) 

 
DISCUSSION 
The data analysed reflect the situation in small nucleus lines of commercial pig breeding 
companies or the situation in endangered breeds, although the average inbreeding in nucleus 
lines is smaller than the 10 % men value encountered in the population of Göttingen Minipig. 
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The structure of this data material is also free of a possible confounding between year and 
inbreeding coefficient as is often the case in studies with planned inbreeding. Results from 
Bereskin et al. (1968 and 1970) and Hill and Webb (1982) show a linear reduction of litter size 
with increasing inbreeding coefficients although hardly significant. A study on a small and 
closed Iberian line (Toro et al., 1988) with average inbreeding of 20 % also shows a linear 
negative trend (only significant in one line) between inbreeding and litter size traits. This trend 
is not found in the present study, maybe because the 10 % average inbreeding is not high 
enough to have an effect on ovulation rate or embryonic survival and consequently litter size. 
The highly significant effects of inbreeding of sows and piglets on birth weight and later 
weight development are shown in several other studies (Bereskin et al., 1968 and 1970, Hill 
and Webb 1982 and Silio et al. 1994). A study on different sheep breeds by Ercanbrack and 
Knight (1991) also showed no effect of inbreeding on number of lambs born but a negative 
effect on birth and weaning weights. It was also observed in that study that the effect of dam 
inbreeding was reduced while the effect of individual lamb inbreeding increased with 
increasing age. This is confirmed for pigs in the present work.  
 
CONCLUSION  
The present study tends to indicate that, in the long term in small nucleus lines and small and 
closed endangered breeds, there will be no reduction in litter traits with increasing inbreeding 
but a significant reduction in birth and weaning weights can be expected. Whether the effects 
found in the population of the Göttingen Minipig can be generalized to small closed nucleus 
lines or endangered breeds has yet to be confirmed in further studies.  
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