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INTRODUCTION 
Breeding programs for dairy cattle in Denmark and the other Nordic countries introduced a 
total merit index more than 15 years ago (Andersen et al., 1993 ; Heringstad et al., 2000). 
Despite this, most studies of dairy cattle breeding schemes have assumed a single-trait breed-
ing goal, i.e. milk production. The studies (e.g. Bovenhuis et al., 1989 ; Pedersen and Chris-
tensen, 1993 ; Christensen, 1998), which include more traits, were all carried out using deter-
ministic simulation approaches, which did not take inbreeding into account. Therefore a sto-
chastic simulation program taking inbreeding and varying number of traits in the breeding and 
selection goal into account was constructed (Sørensen et al., 1999). This program was later 
extended to include more populations (Nielsen et al., 2001). This extension is especial valu-
able for small populations, as for example the Nordic Red Breeds, that cooperate in real life. 
The aim of this study was to show results from breding schemes with two cooperating popula-
tions with simple total merit breeding goals, and to show the influence of the genetic parame-
ters assumed. 
 
MATERIAL AND METHODS 
Populations. Two populations with different levels of cooperation were simulated for 25 years 
in 10 replicates. For each population both a conventional (CONV), and a breeding scheme 
including a MOET nucleus was simulated. A breeding scheme where the two MOET breeding 
schemes were merged (joined), and MOET schemes with use of proven sires and sires of sons 
across populations (collaboration) were simulated. The population structure in the schemes is 
given in table 1. The females in the breeding population and in the nucleus were individually 
simulated, while cows in the production population were simulated as daughter group aver-
ages. In the MOET schemes the best heifers were selected each year to enter the nucleus for 
one lactation. These animals were flushed, and the number of live-born calves per cow was 
Poisson distributed with an average of five. The heritability for production was assumed higher 
in the nucleus than in the breeding population. Cows in the breeding population were kept in 
the herds until they were randomly involuntary culled, or until better replacement heifers were 
available, or they reached the end of sixth lactation. All tested bulls less than ten years old 
were available for AI in both the nucleus and the breeding population. Sire-daughter matings 
and full- and half-sib matings were avoided, and a single bull was at most the sire of 25 % of 
the life-born calves per year. Predictions of breeding values were carried out across popula-
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tions using a multi-trait Animal Model (AM). This corresponds to a perfect international 
evaluation where breeding values can be used across countries. 
 
Table 1. Population structure in different breeding schemes 
 
 Pop1- 

CONV1) 
Pop1-

MOET2) 
Pop2- 

CONV1) 
Pop2-

MOET2) 
Joined- 
MOET 

Collaboration3) 
MOET 

Breeding pop. 6 000 6 000 20 000 20 000 26 000 6 000 / 20 000 
Nucleus size - 100 - 200 300 100 / 200 
Testbull per year 70 70 158 158 246 70 / 158 
Daughter gr. size 80 80 120 120 100 80 / 120 
1) Conventional breeding scheme 
2) Nucleus MOET breeding scheme 
3) Only proven sires and sires of sons can be used across populations  
 
Traits and their genetic parameters. It is well known that the highest total economic re-
sponse is reached when all traits of economical importance are included in the breeding goal. 
However, the breeding goal in the present simulations included only two traits for computa-
tional reasons. The two traits were production and a fictive functional trait (trait 2), with vary-
ing heritability and a varying genetic correlation to production. The economic values for the 
traits and genetic parameters are given in table 2. 
 
Table 2. Selected traits and their economic weight, heritability and genetic and pheno-
typic correlation between production and trait 2 
 

Trait h2  rg rp Euro per        
genetic sd. 

Production 0.28 (0.42)1)   71 
0.04 -0.3 -0.032 38 
0.04 0 0 38 
0.02 -0.3 -0.022 27 Trait  2 

0.02 0 0 27 
1) 0.42 is the heritability for production in a nucleus herd. 
 
Every breeding scheme given in table 1 was simulated with each of the four combinations 
between heritability of trait 2 and genetic correlation between production and trait 2. 
 
RESULTS AND DISCUSSION 
Results from the simulations with heritabilily of 0.04 for trait 2 are given in table 3. Annual 
progress was calculated on data from year 10 to year 25. 
Within the different combinations of genetic parameters the breeding schemes in general 
ranked as follows for total economic gain : Pop1-CONV < Pop1-MOET < Pop2-CONV < 
Pop2-MOET ≤ Joined-MOET ≈ Collaborating-MOET. Population size was very important for 
genetic progress. On average, Pop2-CONV had a total economic gain which was 13 % higher 
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than Pop1-CONV. The same is seen for MOET schemes, where Pop2-MOET was 12 % higher 
than Pop1-MOET. For both populations there was a 5 % higher total economic gain using 
MOET breeding schemes compared with conventional schemes. The effect was only signifi-
cant (p < 0.05) for Pop2. All breeding schemes showed significantly higher total economic 
gain when production and trait 2 was uncorrelated compared to a negative corrrelation of 0.3. 
This did not influence the progress for production, but in all schemes genetic progress for trait 
2 was positive when uncorrelated and negative when unfavourably correlated. Figure 1 shows 
the genetic trend for trait 2 in a joined-MOET breeding scheme for the different combinations 
of genetic parameters. The simulations showed a higher progress for trait 2 when the heritabil-
ity was 0.04 compared to 0.02. The results from table 3 clearly indicate that especially small 
populations gain from collaboration. Total economic gain was at the same level, independent 
on whether it was a total joined scheme or a scheme where only proven sires and sires of sons 
were shared. Larger population size implies smaller inbreeding. This is indicated by a signifi-
cantly (p < 0.05) smaller inbreeding in joined-MOET and collaboration-MOET, compared to 
Pop1-CONV, Pop1-MOET and Pop2-CONV. Nevertheless, the inbreeding in year 25 was 
between 0.11 and 0.15 for all schemes, which is very high, and resulting in much higher in-
breeding rates than recommended by Bijma et al. (2000). 
 
Table 3. Simulation results. Average annual progress for total economic gain, production 
and trait 2 in EURO, and average inbreeding in year 25 for breeding schemes where h2   
for trait 2 was 0.04. In parenthesis are given genetic progress in genetic standard devia-
tion units. rg  is the genetic correlation between production and trait 2 
 

Annual progress 

Breeding scheme 
  
rg 
 

Total eco-
nomic gain1) 

Pro- 
duction 2) Trait 2 3) 

Inbreeding 
year 25 4) 

-0.3 15.7 17.1 (0.24) -1.3 (-.04) 0.147 Pop1-CONV 0 19.0 17.1 (0.24)   2.0 (0.05) 0.148 
-0.3 17.4 17.8 (0.25) -0.4 (-.01) 0.137 Pop1-MOET 0 20.6 17.9 (0.25)   2.7 (0.07) 0.147 
-0.3 17.8 18.3 (0.26) -0.5 (-.01) 0.135 Pop2-CONV 0 22.5 19.7 (0.28)   2.8 (0.08) 0.153 
-0.3 19.0 19.8 (0.28) -0.8 (-.02) 0.135 Pop2-MOET 0 22.1 19.7 (0.28)   2.3 (0.06) 0.137 
-0.3 19.0 19.8 (0.28) -0.8 (-.02) 0.117 Joined-MOET 0 23.1 20.3 (0.29)   2.8 (0.07) 0.126 
-0.3 19.8 19.9 (0.28) -0.1 (0.0) 0.128 Collaboration-

MOET 0 22.7 20.3 (0.29)    2.4 (0.06) 0.127 
1)  S.e. is between 0.3 and 0.7                 2)   S.e. is between 0.3 and 0.6 
3) S.e. is between 0.1 and 0.3  4)  S.e. is between 0.005 and 0.008  
 
 
 

Session 23. Design of breeding programmes Communication N° 23-05   



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

-1

-0 ,5

0

0 ,5

1

1 ,5

2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Y e ar

G
en

et
is

 s
ta

nd
ar

d 
un

its

Rg=-0 ,3  &  h2 =0 ,04

Rg=0  &  h 2=0 ,04

Rg=-0 ,3  &  h2 =0 ,02

Rg=0  &  h 2=0 ,02

Figure 1 Genetic trend for trait 2 over 25 years in genetic standard units 
in joined MOET schemes depending on genetic parameters assumed 

 
 
 

CONCLUSION 
The present simulations showed that the simulation program estimated reliable results for co-
operating populations. Smaller populations gained from merging or working closely together 
with other populations, both in terms of higher total economic gain and less inbreeding. Even 
smaller MOET nucleus significantly increased genetic gain in breeding schemes. Genetic gain 
in simulation studies was very dependent on the genetic parameters assumed. Inbreeding levels 
for the simulated schemes were high, indicating that a tool has to be implemented in the pro-
gram, which can control the rate of inbreeding.  
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