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INTRODUCTION 
Preserving the genetic variability in breeds of livestock species is of vital importance to insure 
future response to artificial selection. Problems of loosing genetic variability may arise in small 
populations due to the small number of breeding animals, but also in large populations due to 
the breeding system practised. Examples for the latter situation are dairy cattle populations 
where, as a consequence of heavy use of AI, only a small number of males are used for 
breeding. The common measure to quantify the genetic extent of a population is the effective 
population size, Ne, which is directly related to the rate of inbreeding. Boichard et al. (1997), 
however, showed that this quantity is not very suitable to characterise livestock populations, 
because they are usually far from a steady state and pedigree information, the base on which 
the measure relies on, is often incomplete. To overcome the deficiency of Ne, Boichard et al. 
(1997) looked at parameters proposed by MacCluer et al. (1986) and Lacy (1989), which are 
based on the concept of probability of gene origin, e.g., James (1972), in dairy cattle breeds. 
The aim of this study was to investigate the genetic variability of two Swiss sheep breeds by 
using the above mentioned parameters in a situation where no AI is used and where only a 
rather weak selection pressure, mostly on type traits, is applied. 
 
MATERIAL AND METHODS 
Data. All electronically stored pedigree data, going back to the 1950s, of two Swiss sheep 
breeds, White Alpine Sheep (WAS) and Black-Brown Mountain Sheep (SBS) were available 
for the study. Keeping pedigree records has been a tradition among Swiss sheep breeders, thus, 
the large data sets (Tab. 1). Flocks of sheep are predominantly very small in Switzerland. The 
SBS is a closed population, whereas some crossing with Ile de France takes place in the WAS. 
The ewes born during 1996 to 1998 were used as the reference population for each breed. It 
can be seen in Tab. 1, that the WAS is a much bigger population than the SBS. 
 
Methods. The probability of gene origin is connected to the founders of a population, where a 
founder is an ancestor of a member of the reference population with unknown parents. The 
effective number of founders, fe, is the number of equally contributing founders expected to 
create the genetic variability observed in the reference population (Lacy, 1989). It is known, 
that this approach does not take into account bottlenecks in a population, which is an important 
reason for loss of alleles in dairy cattle caused by heavy use of a limited number of AI bulls  
(Boichard et al., 1997 and Sölkner et al., 1998). To overcome this deficiency, Boichard et al. 
(1997) proposed the criterion of effective number of ancestors, fa. It is based on the 
contribution of an ancestor to the gene pool of the reference population. Care has to be taken, 
that the contribution of an ancestor is adjusted for contributions of his ancestors or his 
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descendants, which already have been processed, i.e., his marginal contribution has to be 
found. To limit computations, Boichard et al. (1997) suggested to use only the 100 to 500 
ancestors with the highest contributions and presented formulas to calculate an upper and a 
lower bound for the parameter. The authors pointed out, that this method still underestimates 
the probability of  allele loss and, thus, the effective number of ancestors still overestimate the 
 
 
Table 1. Results of pedigree analysis 
           
 WAS SBS    
Animals in pedigree fileA 127,410 30,251 
Animals in reference populationB 18,214 5,381 
Average inbreedingC, % 1.61 2.75 
Effective size, Ne 903.9 111.4 
Total number of founders 8433 892 
Effective number of founders, fe 176.5 152.3 
Effective number of ancestors, fa 113.0 66.5 
Effective number of founder genomes Ng ± s.d. 53.1±5.35 25.8±3.15   
AAnimals of and with link to reference population; BEwes born during 1996 – 1998 
CReference population 
 
present genetic variability of a population. Another approach to assess the genetic variability of 
a reference population is by referring to the founder alleles still present. Each founder is 
assumed to carry two unique alleles and the method simulates the mendelian path of an allele 
from founder until its loss or until a member of the reference population is reached. The 
effective number of founder genotypes is one half the effective number of founder alleles still 
present. Because the passing of an allele from parent to offspring is a random process, the 
procedure has to be repeated several times to obtain an average and a variance for this 
parameter. In this study 10,000 replicates were done for each breed. Inbreeding coefficients 
were calculated with the algorithm of Meuwissen and Luo (1992) and Ne from the difference of 
average inbreeding between the members of the reference population and their ancestors. 
 
RESULTS AND DISCUSSION 
 Average inbreeding coefficients of the reference population of the two breeds in Tab 1. point 
to the different breeding structures in the two breeds. The SBS is a closed population whereas 
in the WAS some crossing takes place. This increases the ratio of the two Ne values above the 
ratio that might be expected from the ratio of the numbers of animals in the reference 
populations. The completeness of the pedigrees, one reason for the limited suitability of Ne as a 
measure of genetic variability, given as the average percentage of known ancestors in each 
pedigree generation can be seen in Fig. 1. It shows again a distinct difference between the two 
breeds. The pedigrees of immigrating animals are usually not known very far back and, thus, 
lead to a loss of information also in the early generations of ancestors. One consequence of this 
loss of pedigree information is shown in Fig. 2, where the rate of inbreeding is plotted against 
the ancestor generations traced. The increase in inbreeding in the WAS is considerably flatter 
than in the SBS. The additional increase from ancestor generations 8 to 18 were 27.9% 
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Figure 1. Known ancestors within 
ancestor generation, % 
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Figure 2. Rate of inbreeding in 
reference population 

 
and 52.8%  for the WAS and SBS, respectively. It was interesting to note, that completeness of 
pedigree is not the only reason for level of inbreeding. If calculated with seven generations of 
ancestors, average inbreeding level of all ewes vs. ewes with complete generation of known 
ancestors was 1.63% vs. 1.40%. This ranking changed not before nine generation of ancestors 
were included. The effective number of founders, fe, was several times smaller than their actual 
number, particularly for the WAS (Tab. 1). This parameter suggests a rather similar genetic 
variability of the two breeds, i.e., similar fes. It seems that crossing in the WAS did not 
influence fe strongly. The breed difference widens for the effective number of ancestors, fa, 
because the within breed difference between fe and fa is much larger in the SBS than in the 
WAS. This suggests that, according to Boichard et al. (1997), the SBS suffered more from 
bottlenecks than the WAS. In dairy cattle breeds the relative reduction from fe to fa showed a 
larger variation with several estimates above the values observed here. This must be a 
consequence of the heavy use of AI. The complete generation equivalent according to Boichard 
et al. (1997) was 8.3 and 10.5, the maximum number of known ancestors 19,667 and 27,123 
for the WAS and SBS, respectively. The effective number of founder genomes, Ng, revealed 
the smallest values of any measure of the genetic variability (Tab. 1). Their s.d. show, that this 
measure of the genetic variability of a population is affected with a certain degree of 
uncertainty. The relative reduction compared to fa was again stronger in the SBS breed. As 
pointed out by Boichard et al. (1997), Ng does account for the loss of alleles by drift, which is 
not fully accounted for by fa. The size of this loss from parent to offspring population is partly 
dependent on family size. For the number of ancestors with the largest contributions to explain 
85% of the genome of the reference population, i.e., 263 for the WAS (69.2% males) and 97 
for the SBS (65.6% males), the average number of offspring ±s.d. were 27.9±27.5 and 17.4 
±18.1 respectively. These figures indicate, that drift would be more pronounced in the SBS 
breed and would explain the larger relative reduction from fa to Ng in this breed. Estimates of 
this reduction in several dairy cattle breeds (Boichard et al. (1997) and Sölkner et al., 1998) 
were below the values observed for the two sheep breeds. The cumulated contribution of the 
most important ancestors to the genome of the reference population is given in Figure 3. The 
curves diverge over the whole range of numbers of ancestors plotted. The two most important 
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ancestors contributed 2.9% and 2.4% in the WAS and, 4.4% and 4.0% in the SBS breed to the 
genome of the reference population. In another breed (not shown) the corresponding 
contributions were 12.3% and 5.4%, therefore, much larger than in the two breeds given. The 
most important ancestors were considerably younger in the SBS than in the WAS breed. For 
four dairy cattle breeds Sölkner et al. (1998) reported such contributions between 3.4% and 
9.7%. These high values must be a consequence of the use of AI, which allows heavily used 
bulls to exert a considerable influence on 
the genetic make up of a population. 
 
CONCLUSION 
It was found that livestock populations of 
even reasonable size (SBS) without AI and 
without strong directional selection may 
have reached a limited genetic variability. 
Based on the reference population of ewes, 
born during 1996 – 1998, the number of 
founder genomes, Ng, were 53.1 and 25.8 
for the WAS and SBS breeds, respectively. 
An important point for the difference seems 
to be due to slight, but permanent crossing 
in the WAS, which leads to more 
incomplete pedigrees than in the SBS and, 
thus, to a lower rate of inbreeding. The 
sequence of the parameters fe – fa – Ng 
showed, that bottlenecks and random drift, 
due   to   smaller   families,   influenced   the              Figure 3. Cumulative contribution of n 
genetic   variability  of   the   SBS,  a  closed              most important ancestors to genome of 
population, more than that of the WAS breed.            reference population  
The results suggest that the change in genetic 
variability should be watched carefully also in populations of small ruminants without the 
heavy use of a small number of males through AI. 
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