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INTRODUCTION 
Because of inbreeding depression there is a reduced realisation of genetic gain in general and 
of health, fertility and the productivity of the dairy cows in particular (e.g. Smith et al., 1998). 
However, in the long term the major problem of inbreeding is the expected reduction of future 
genetic gain because of reduced genetic variation. Annual genetic gain in an efficient breeding 
scheme is reduced by about 20% due to inbreeding over a period of 20 years, if inbreeding has 
not been taken into account (Sørensen, 1999). 
 
The breeding program of Danish Holstein (DH) including insemination, breeding value 
estimation, and selection of superior animals for breeding has been successful, but at the cost 
of high rates of inbreeding. Today the degree of inbreeding is not alarming. With the existing 
pedigree information in the Danish Cattle database the degree of inbreeding in DH is 3.9 % for 
calves born in 2003 (Sørensen et al., 2005), which is slightly below the corresponding figures 
in US Holstein (Van Raden, 2005). The rate of the inbreeding is, however, large (>1% per 
generation).  
 
The rate of inbreeding can be kept under control by assuring that the parents of future breeding 
animals are not too closely related. The control of relationship between members of the breeds 
in the long term demands a consideration of the relationship between the future breeding 
animals in the population. The objective of this study was to describe the implementation and 
consequences of optimal contribution selection in DH using EVA software. 
 
MATERIAL AND METHODS 
EVA. Facing the above mentioned problems EVA (EVolutionary Algorithms) can be used 
(Berg et al., 2006). EVA is based on the optimal contribution theory described by Grundy et al. 
(2000). Given the potential set of parents the term C is maximized.    
                                               C = x´â  + λx´Ax                                                                 (1) 
 
Where x is a vector of contributions, â is a vector of estimated breeding values, and λ is the 
weight relative to genetic merit given to the average relationship among the selected matings 
and the animals in the pedigree file younger than the oldest potential sire or dam (x´Ax). A is 
the relationship matrix among those animals. The term λ can be interpreted as the cost of 
inbreeding in the units of the selection criterion, and is a function of inbreeding depression, 
time horizon and genetic gain (Wray & Goddard 1994). However the time horizon of interest 
is still subjective. The longer the time horizon the higher weight needed on relationship 
relative to genetic gain (Meuwissen & Sonesson, 1998). Another possibility is to choose the 
weights in such a way that a maximum rate of inbreeding per generation will not be exceeded. 
The literature gives arguments that the rate of inbreeding should not exceed 0.5 to 1% per 
generation, e.g. Bijma, (2000). 
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Data. The Danish approach is that the most important to manage with respect to inbreeding is 
the average relationships among of test bulls, since both proven bulls and sires of sons 
originate from the group of test sires. That means that one have to ensure an optimal balance 
between the breeding merit of matings to produce the coming test bulls and the additive 
genetic relationship among these matings and the breeding animals in the population (males 
and females). So far the genetic contribution to breeding females has been scarcely considered, 
as decisions on genetic contributions of these animals are not centralized. Of course the 
females from the matings to produce test bulls become female breeding animals, but more 
females are needed. Females which due to index, do not qualify as breeding animals 
(commercial cows) are not included in the analyses since their contribution to the future DH 
population will be very limited. 
 
The potential breeding animals considered in this study are, therefore, the 20 sires of sons used 
in the DH breeding program in December 2005 and 2,169 females with a total merit index (S-
index) larger than 2.7 standard deviations above the mean. Furthermore 883 waiting bulls, 192 
young bulls, 346 calves and 754 contract matings were included in the analyses to account for 
previous selection decisions. Pedigree was traced as far back as possible in the Danish Cattle 
database. The dataset contained after pedigree tracing 30,150 animals. With these animals 
included in the analyses we assume having included nearly all the animals, which in the long 
run will contribute to the future DH population. This holds true as long as most Danish dairy 
farmers use semen from Dansire. The genetic level, inbreeding coefficient and additive genetic 
relationship within the group of potential sires and dams are all given in table 1. 
 
Table 1. Mean genetic level, inbreeding coefficient and additive genetic relationship 
among potential parents. 
 

 Number  S-index Inbreeding Relationship 

Potential sires 20 131.3 3.17 % 7.2 % 
Potential dams 2,169 129.2 3.86 % 11.4 % 

 
EVA analyses are run with different weights on average merit and x´Ax. Since the variation of 
merit is much higher than the variation of x´Ax, the weight on x´Ax have to be much higher 
than the weight on merit. Analyses where run with different weight on merit and x´Ax, from 1 
on merit and zero on x´Ax - meaning that only merit is taken into account in the selection of 
matings, to weight zero on merit and -1 on x´Ax meaning that the only selection criterion is 
minimizing x´Ax. In all analyses 150 matings were selected. 
 
RESULTS AND DISCUSSION 
In table 2 the distribution of sires of sons is given as well as the S-index, the average additive 
genetic relationship of the sire of sons to different birth groups in the pedigree file calculated 
with EVA-inbred (Berg et al., 2006) and the pedigree completeness index (MacCluer et al., 
1983) for every potential sire is given. Clearly, with more weight put on x´Ax compared to 
merit the lower is both the average merit and x´Ax. This is due to a more dispersed use of sires 
of sons and maternal grandsires (not shown). 
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Table 2. S-index, average relationship with birth group 2001 and 2004, and pedigree 
completeness in 5 generations for potential sires of sons. Average merit of matings, x´Ax 
and distribution of sires of sons with different weight on merit and x´Ax .  
 

Name S-
index 

Av. Rel. 
with group 

2001 

Av. Rel. 
with group 

2004 

Ped. Com 
pleteness 

5 gen. 

1 
 

0 

1 
 

-300 

1 
 

-500 

1 
 

-1000 

0 
 

-1 
V Groovy 139 9.2 8.8 0,93 100 67 26 3 5 
F Halvor 136 9.0 8,4 0,96 50  2 4 7 

V Gottorp 136 6.6 7.1 0.88  45 41 19 8 
T Krarup 135 7.9 8.4 0.93    3 2 

Loe Martin 135 5.6 5.7 0.70  38 41 33 18 
D Stilist 134 5.8 7.2 0.74   14 16 8 
V Eron 134 9.1 10.3 0.93   1 3 2 

R Murphy 132 8.1 9.2 0.89   1 2 4 
Alves 131 4.6 5.3 0.71   6 25 31 

T Kargo 130 8.3 7.9 0.94   3 4 7 
RGK Esne 129 8.6 8.7 0.96   1 2 2 
T Katborg 129 7.5 7.1 0.92    3 7 

T Audi 129 8.1 7.9 0.94   3 2 4 
Amador 129 8.0 8.3 0.95   1 7 4 
V Ejlif 128 6.7 7.7 0.93   1 1 7 

Var Gress 128 5.9 6.3 0.88   3 6 17 
K Potter 128 7.1 7.0 0.68   2 7 5 

Burt 128 6.6 7.0 0.71   3 6 5 
V ForceSR 128 13.3 10.0 0.97   1 1 1 

H Bo 127 7.0 7.9 0.88    3 6 
Avr. Merit 137.3 136.8 134.6 132.3 130.2 

x´Ax    0.128 0.124 0.117 0.114 0.113 
 
If weights on merit and x´Ax are chosen to be 1 and –500, average merit for the matings will 
be 2.7 S-index units (0.27 genetic s.d. units) lower than when selection is exclusively on merit. 
However, few, if any, breeding organisations have weight on merit exclusively, they have 
always had some rules of thumb to control inbreeding, but EVA solutions are better than those 
because they are theoretical optimal solutions. Reduction of x´Ax will reduce future inbreeding 
and in the long run increase genetic gain (e.g. Sonesson & Meuwisson, 2002). The choice of 
weight to put on merit and x´Ax is, however still dependent on the time horizon considered. 
Also competition from other AI companies, which maybe go for the highest possible genetic 
gain in next generation, ignoring future inbreeding, should be considered. 
 
From table 2 it can be seen that sires of sons with low relationship to the population to a higher 
and higher degree are chosen as sires of sons when more weight is put on x´Ax relative to 
merit. This is as expected, but may be an artefact arising from the fact that some sires of sons 
presumably have got this low relationship due to smaller amount of pedigree information, as 
expressed by the pedigree completeness index. Correlation between the pedigree completeness 
index and mean relationship with group 2001 and group 2004 respectively is 0.66 and 0.70.  
 
EVA analyses are run four times a year in the DH breeding program. The results have so far 
primarily been used as a guide for optimal use of sires of sons. The use of EVA results have 
easily been implemented, since a single organisation is responsible for the breeding scheme.  
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CONCLUSION 
The present analyses show that EVA works satisfactorily as a management tool for planning of 
breeding schemes at population level within DH in maximizing the genetic gain, while 
controlling the increase in future inbreeding. Furthermore the results highlight the importance 
of reliable pedigree information. When animals with substantial differences in pedigree 
completeness are included in the analyses, one should consider this before the results are used 
in practical breeding. It is therefore strongly recommended to put more emphasis on 
improvement of the electronically available pedigree information of breeding animals, 
especially sires of sons. This is required if an optimal use of EVA in the optimization of 
breeding schemes is desired. 
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