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INTRODUCTION 
In large dairy cow herds, animals are commonly separated into several subgroups. This has 
many advantages for the farm management. Herds with very heterogeneous genetic material 
can group their animals in, for example high-, mid-, and low-performing and feed these groups 
accordingly. Within Germany, a drastic increase of phenotypic and residual variances has been 
observed (König et al., 2002) for regions with large-scale farms that usually run grouping 
schemes compared to small family farms for which grouping naturally is impossible. 
 
The subdivision of large herds in management groups may cause problems in the national 
breeding value estimations when management groups are not recorded. If there are 
management groups in the herd, the overall variance will be larger than the variance of a herd 
without management groups (Boldman and Freeman, 1990). In ten Interbull member countries 
pre-adjustments for heterogeneous variances are used in the national evaluation system for 
Holsteins (Jorjani, 2000). Aim of the present study was a comparison of alternative models 
accounting or neglecting management groups. 
 
MATERIAL AND METHODS 
This study is based on simulated data. One base generation and three offspring generations set 
up the population structure. Each generation consists of 30.000 cows and 1.500 bulls, so that 
altogether 126.000 animals were simulated for each simulation run. For each base animal two 
breeding values were simulated. One breeding value for the first 100-days yield (BV1) and the 
second for the 101-305-days yield (BV2). The additive genetic variances (variance of breeding 
values), variances of residual effects and heritabilities for the two traits are shown in table 1. 
All genetic parameters were taken from the German multi-lactation-model which was used in 
the national evaluation until August 1998 (Reents et al., 1994). 
 
Fixed effects of  herds were simulated as follows: Base cows were split into 150 herds. 
Offspring cows were assigned to the same herd as their dam. Each herd contained 600 cows 
with yields. The effect of the herd was simulated as an equally distributed random variable 
between 1500 kg and 3000 kg for period 1 (1-100 days, H1) and for period 2 (101-305 days, 
H2) with H2 = 2*H1. After period 1 each cow was assigned to one out of three management 
groups. The management groups were ranked according to special treatment of the cows and 
were assumed to contribute an extra 500 kg (MG1) or 250 kg (MG2) milk yield for the whole 
lactation while animals in the lowest management group (MG3) had no extra effect. Effects of 
management groups were generated for each herd with a standard deviation of 50 kg.. 
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Table 1. Heritabilities (h², on diagonal), genetic correlation (rg,, above), correlation of 
residual effect (re, below diagonal), additive genetic variance (VA) and variance of the 
residual effects (VE) for the two simulated breeding values 
 

breeding 
value  

BV1 BV2 VA VE 

BV1 .36 .85 38825 165343 
BV2 .56 .41 69021 231061 

 
The production records were simulated with the following model: 
 
yijk = H1i  +  H2i + MGij + BVk1 + BVk2 + eijk 
 
with 
yijkl = phenotypic record of animal k in period l in management group j in herd i 
H1i = effect of herd i in period 1 (1-100 days) 
H2i = effect of herd i in period 2 (101-305 days) 
MGij = effect of management group j within herd i 
BVk1 = breeding value of animal k for period 1 (1-100 days) 
BVk2 = breeding value of animal k for period 2 (101-305 days) 
 
Two data sets were produced. For the first data set the cows were sorted according to their 
performance in period 1 and divided into the three management groups within herds based on 
their first 100 day-yield (sorted grouping). For the second data set the cows were split into the 
three management groups randomly (unsorted grouping). 
 
After the simulation was finished with all records containing animal, milk yield, herd, 
management group within herd, and complete pedigree information, breeding values were 
estimated under two different models. 
 
Model H: yikl = Hi + ak + eikl 
Model MG: yijkl = Hi + MGij + ak + eijkl 
 
with  
yijk   =  lactation record of animal k in management group j in herd i 
Hi  =  fixed effect of herd i 
MGij =  fixed effect of management group j within herd i 
ak  =  random effect of animal l 
el  = residual effect 
 
The process of data simulation and breeding value estimation was repeated 100 times. 
Breeding values were estimated using PEST (Groeneveld et al., 1990). 
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RESULTS AND DISCUSSION 
The correlations between true and estimated breeding values for the different combinations of 
simulation and analyses and the different animal groups are shown in table 2. With unsorted 
grouping, accuracy of breeding values is slightly higher with the complete model MG than 
with the reduced model H, as could be expected. With sorted grouping, however, the 
correlation between true and estimated breeding values is severely lower with the ‘correct’ 
model MG compared to the reduced model H. This is true both for cows and bulls.  
 
Table 2. Correlation between true and estimated breeding values for animal grouping 
sorted / unsorted and breeding value estimation model H or model MG for all animals, 
bulls only and cows only 
 
 Sorted grouping Unsorted grouping 
 Model H Model MG Model H Model MG 

All animals .73 .62 .72 .74 
Bulls  .87 .77 .86 .86 
Cows .73 .61 .72 .74 

 
With sorted grouping, phenotypically superior animals are grouped and receive a treatment 
which leads to an additional non-genetic superiority. The reduced accuracy may result from a 
mix up of genetic and non-genetic effects in the estimation of environmental and additive 
genetic effects. To demonstrate this, estimated management group effects, bias and variance of 
estimated breeding values were analyzed. 
 
Average differences between estimated fixed management group effects are given in Table 3. 
With unsorted groups, estimates reflect exactly the true difference of 250 kg. With sorted 
groups, however, group differences are estimated to be about 638 kg, thus overestimated by 
about 388 kg or 155 per cent. 
 
Table 3. Differences between estimates for the fixed effects of the management groups 
 

 Sorted grouping Unsorted grouping Sorted - Unsorted 
High – 

Medium 
638.16 kg 250.16 kg 388 kg 

Medium – Low 637.71 kg 249.71 kg 388 kg 
 
This overestimation of management group differences should correspond to a bias in estimated 
breeding values. Table 4 reports the bias (estimated – true breeding value) and the variance of 
cow breeding values in the different management groups. With unsorted grouping, the bias and 
variance of the three groups is uniform, the bias being just a constant shift, reflecting the 
difference in overall means of true and estimated breeding values.  
With sorted grouping, however, breeding values in the first management group are severely 
underestimated (with a negative bias of –601 kg) and breeding values of animals in the lowest 
management group are overestimated. Note that the difference between the bias of MG1 and 
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MG2 and MG2 and MG3 , respectively, is - 388 kg, i.e. the overestimation of management 
group differences is compensated by an underestimation of breeding value differences. Within 
management groups variances of estimated breeding values are reduced, especially for the 
intermediate group, which reflects the effect of phenotypic selection on the distribution. 
 
Table 4. Bias and variance of estimated breeding values for sorted and unsorted 
grouping within management groups  
 
 Sorted grouping Unsorted grouping 
 Bias Variance Bias Variance 
MG1 - 601.63 22488 247.12 28357 
MG2 - 212.91 10370 246.90 28272 
MG3 + 175.27 22457 246.74 28246 

 
CONCLUSIONS 
In the simulation study presented, animals are assigned to management groups based on their 
performance in a part of the lactation, and cows in different management groups are treated 
differently with assortative environmental effects on performance (positive effects on high 
yielding cows). Accounting for management groups in the statistical model is shown to lead to 
an overestimation of (non-genetic) management group effects and to a severe downward bias 
of the breeding values of the animals in the best management group. A similar phenomenon 
was described by Simianer and Wollny (1989) who considered application of bovine 
somatotropin as special treatment.  
 
In Germany, as in most other countries, information on management groups that possibly 
could be used to refine national models for the estimation of breeding values, presently is not 
recorded centrally. According to the results obtained here, this practice leads to a higher 
accuracy of breeding values and avoids a severe downward bias of the estimated breeding 
values of the best cows in herds applying grouping strategies. If records on management 
groups become available, suitable statistical models have to be developed to account for the 
non-random assignment of animals into management groups. 
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