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INTRODUCTION 
A large part of pig breeding in Austria is still in the hands of farmers’ cooperatives. The main 
breeds used in the breeding programmes are Large White, Landrace and Pietrain. Based on 
these breeds 2- and 3-way crosses are produced in eight different federal provinces. For several 
years now, the cooperatives run a common testing station and since September 2000, a 
nationwide breeding value prediction for station data based on the animal model is carried out. 
In this context the quality of underlying pedigree records, the evolution of the genetic 
variability and the genetic relatedness between subpopulations in the different federal 
provinces come into focus.  
 
MATERIAL AND METHODS 
Table 1 gives an overview of all available pedigree records (as of January 2001) for the three 
investigated breeds. All animals registered in the Austrian herdbook since 1995 and owned by 
an Austrian breeding organization were defined as reference population. All calculations are in 
relation to this reference population.  
 
Table 1. Pedigree information available for the three breeds  
 
 Large White  Landrace Pietrain 
Animals in the pedigree file 33724 22577 19614 
Animals in reference population 9067 5329 3649 
Average no. of known ancestors 21308 6595 712 
Complete generation equivalent CGE 7.85 6.20 5.74 
Maximum no. of generations traced 27 32 21 

 
Two different types of measures were used to describe the genetic variability of populations, 
measures based on the probability of identity-by-descent of genes and measures based on 
probability of gene origin. Measures of the former type are population means of the classical 
inbreeding coefficients and the effective population size (Ne) based on the rate of inbreeding 
(Falconer and Mackay, 1997). The measures of the second type investigated in this study are 
the effective number of founders (fe), effective number of ancestors (fa ), and the effective 
number of founder genomes (Ng). The effective number of founders describes the number of 
equally contributing founders that would be expected to produce the same genetic diversity as 
found in the population under study. Even taking the loss of genetic diversity due to 
unbalanced founder contributions into account, this approach still ignores the effect of possible 
bottlenecks. This effect is considered by the effective number of ancestors, which is the 
minimum number of ancestors (not necessarily founders) needed to explain the complete 
genetic diversity of the current population. The calculation of fa is based on the marginal 
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contribution of each ancestor, i.e., the contribution made by an ancestor which is not already 
explained by  a previously chosen ancestor. The third method, the effective number of founder 
genomes, can be calculated as the reciprocal of the mean element of the numerator relationship 
matrix. A detailed description of these measures is given by Boichard et al. (1997) and Sölkner 
et al. (1998).  
To analyse the question of how independent the subpopulations defined by the boundaries of 
federal provinces are, the average of the elements of the relationship matrix connecting two 
subpopulations was calculated (AVNRM). A way of calculating this figure even for very large 
pedigrees with hundreds of thousands of animals is described by Sölkner and Filipcic (1997).  
 
RESULTS AND DISCUSSION 
 
Table 2. Results of the pedigree analysis for reference populations 
 
 Large White  Landrace Pietrain 
Average inbreeding coefficient 0.0143 0.0113 0.0134 
Inbreeding increase - 0.0027 0.0012 
Effective population size Ne - 181 415 
Total no. of founders f 1480 1410 1368 
Effective no. of founders fe 334 267 258 
Effective no. of ancestors fa 78.8 59.2 88.6 
Effective no. of founder genomes Ng 37.6 32.9 55.1 

 
Table 1 illustrates the high quality of the available pedigree. The average complete generation 
equivalent (CGE), which describes the number of traceable generations in a comparable 
complete pedigree, is between 5.74 and 7.85. Maignel and Labroue (2001) found deep and 
complete pedigrees for several pig breeds in France (CGE of 6.9-10). The lowest CGE and 
number of known ancestors is found in Pietrain. This might be explained by the continuous 
importation of animals from other countries. For such animals pedigree records are usually less 
complete. While for Large White and Landrace data were recorded from the middle of the 
1950s and the 1960s, respectively, pedigree records for Pietrain are available only after 1970. 
Table 2 presents the various measures for genetic variability. In our study the average level of 
inbreeding was low (1.13-1.43%), especially with regard to the high quality of the pedigrees. In 
comparison to the Austrian pig populations, several populations in France (Maignel and 
Labroue, 2001) showed a higher level of inbreeding (2.2-4.6%). For Large White, no increase 
in inbreeding from parents to the reference population could be observed. Therefore Ne could 
not be calculated. From a genetic point of view the three investigated breeds do not have to be 
considered as small. This is also shown by the measures based on the probability of gene origin 
(fe, fa, Ng). Recently, the same measures were used to describe the genetic variability of several 
cattle breeds (Boichard et al, 1997; Sölkner et al., 1998) and Lipizzan horses (Zechner et al., 
2002). Generally fe was higher for the investigated pig breeds than for the horses and cattle 
except for the Limousin breed with an fe of 790 (Boichard et al., 1997). Artificial insemination 
plays an important role in cattle breeding, with heavy utilisation of some bulls. Artificial 
insemination in pigs was of marginal importance in Austria until 1990. This might explain the 
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more balanced founder contributions. The second measure of this type, fa, was in the range of 
values found for cattle breeds (Sölkner et al., 1998) but clearly higher than for Lippizan horses 
(Zechner et al., 2002). The calculation of fa involves the search for marginal contributions of 
single ancestors to the genetic composition of the reference population. Table 3 gives the 
proportions of genes contributed by the most important ancestors. The contributions of the 
most important ancestors in the three pig breeds are about as low as in the generically most 
diverse cattle breed in Austria, the Simmental. However, for several other cattle breeds 
investigated in Austria (Sölkner et al., 1997, Baumung and Sölkner, 2002) and France 
(Maignel et al., 1996), distinctly higher contributions of single ancestors were found. 
Contributions of single individuals of up to 0.16 were calculated for endangered breeds and 
0.09 for commercial cattle breeds. 
The ratio fe/Ng is distinctly wider for the investigated pig breeds (Large White: 8.9, Landrace: 
8.1, Pietrain: 4.7) than for Austrian cattle breeds (2.1-2.4, Sölkner et al., 1998). This leads to 
the conclusion that genetic drift had an higher impact on the investigated pig populations.  
 
Table 3. Contribution of the most important ancestors 
 
 Large 

White  
Landrace Pietrain 

Proportion of genes contributed by 1st ancestor 0.0505 0.0576 0.0661 
                                                         2nd ancestor 0.0422 0.0478 0.0278 
                                                         3rd ancestor 0.0312 0.0477 0.0212 
                                                first 10 ancestors 0.2716 0.3334 0.2330 
No. of ancestors contributing 50% to the gene pool 31 22 41 

 
The genetic relatedness or similarity within and between Pietrain subpopulations (AVNRM) in 
five federal provinces with at least 100 animals in the particular reference populations is shown 
in Table 4. The diagonal element presents the genetic relatedness within one subpopulation. 
Obviously Pietrain pigs are highly related within Styria, but there is only a very low 
relationship of these animals with animals in other federal provinces. Therefore the Styrian 
Pietrain population is isolated within Austria which is in line with the fact that in contrast to all 
other federal provinces, a 2-way crossbreeding program is run in Styria. In the case of Large 
White and Landrace, all subpopulations are more or less related. AVNR ranged from 0.0314 to 
0.0977, from 0.0338 to 0.1044 and from 0.0265 to 0.1233 within the subpopulations of Large 
White, Landrace and Pietrain, respectively. The similarity between subpopulations was lower. 
For all breeds, the highest AVNRM was found between subpopulations of Lower and Upper 
Austria. In both provinces the same breeding program is used to produce 3-way crossbred 
animals.  
In addition to the calculations described above, the similarities between subpopulations defined 
by individual farms were calculated. AVNR between farms ranged from 0.0047 to 0.1829 for 
Large White within federal provinces , from 0.0004 to 0.2292 for Landrace and from 0.0001 to 
0.1889 for Pietrain.  
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Table 4. Genetic  similarity for subpopulations defined by regions in Pietrain. Values on 
the diagonal are similarities of two random halves of each subpopulation 

 
 Lower 

Austria 
Upper 
Austria 

Styria Carinthia Burgen-
land 

No. of Animals in 
reference population 

1285 1184 734 224 158 

Lower Austria 0.0265     
Upper Austria 0.0135 0.0378    
Styria 0.0055 0.0045 0.0710   
Carinthia 0.0118 0.0074 0.0047 0.0392  
Burgenland 0.0114 0.0224 0.0261 0.0060 0.0654 

 
 
CONCLUSION 
The quality of pedigree information of the most important pig breeds in Austria is high. Yet the 
average level of inbreeding is low. This shows that pig breeders avoided inbreeding 
successfully during the past. The additional measures to describe the genetic variability, fe, fa 
and Ng confirm that the populations under investigation are not small with regard to genetic 
diversity. Based on the fact that genetic relatedness between animals on different farms exists, 
the desired statistical disentanglement of genetic effects and environmental effects of the farm 
is possible.  
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