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INTRODUCTION 
Based on evidence for a substantial heterogeneity within countries, Weigel and Rekaya (2000) 
proposed a so-called borderless clustering of herds instead of using state borders for 
international genetic evaluations of dairy cattle. Swalve et al. (2001) investigated whether a 
cow’s performance on family farms prevailing in Western Germany and its performance on the 
large-scale farm typical for Eastern Germany should be regarded as separated traits. The 
authors found some evidence of genotype x environment interaction between EAST and 
WEST when only very large herds were included in EAST, but genetic correlations  near unity 
within EAST after stratification in smaller and bigger herds. 
 
In a multiple trait animal model under which all cows with a production record are separated in 
their respective environment, the connectedness across environments through genetic re-
lationships  are mostly upheld by the use of common sires. An estimation of variance 
components based on test bull daughters only ideally should be the best approach for such an 
analysis as these daughters result from random matings.  As most of the genetic ties stem from 
proven bulls, it was attempted to circumvent this problem via a two-step method of analysis. 
 
MATERIAL AND METHODS 
Data comprised first lactation 305-day protein yield records from Holstein Friesian registered 
cows calving between 1997 and 1999 from two regions within Germany. One region belongs 
to Eastern Germany while the other region covered one state of Western Germany. As can be 
seen from table 1, subsets of each data set were created to enable bivariate analyses including 
data from two regions at a time. The amount of data in each region and the number of  sires in 
common for each subset is shown in table 1. The stratification for each subset was done as 
follows:  All bulls, including test bulls, proven bulls, and natural services; proven bulls, in-
cluding German proven bulls and imported bulls; imported bulls separately (mainly USA, 
Canada, France, and The Netherlands); and at last German test bulls. 
 
Furthermore, as not all herds within the Eastern region are large, a stratification according to 
size of herds was introduced for this region. Within EAST, a subset was selected containing 
only small and large herds while removing all intermediate herd sizes. Limits were less than 50 
and more than 150 cows per herd-year. Another subset contained the complete data for WEST, 
but only large herds (> 150 cows) within EAST. 
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Table 1. Structure of data by region and herd size for different sire categories 
 

 
Region 

 
 

(1. lactation) 
No. of cows 

Avg. no. of daus. 
of  common sires 

A B Sire 
Categ. 

Reg   ion
A Region  

B 

No. of 
sires  

in 
common 

Reg. 
 A 

Reg. 
 B 

WEST x EAST All  43926 94335 586 51 91 
WEST x EAST Proven  26149 77414 247 81 169 
WEST x EAST Import 8534 25511 137 32 78 
WEST x EAST Test bull 9054 11556 119 42 2 
EAST ≤ 50 cows x EAST≥ 150 cows All 13773 34368 588 21 56 
EAST ≤ 50 cows x EAST≥ 150 cows Proven  11415 27999 231 35 86 
EAST ≤ 50 cows x EAST≥ 150 cows Import 3888 10435 140 21 55 
EAST ≤ 50 cows x EAST≥ 150 cows Test bull 1416 4906 188 6 4 
WEST x EAST≥ 150 cows All 43926 34368 291 68 65 
WEST x EAST≥ 150 cows Proven  26149 27999 161 97 91 
WEST x EAST≥ 150 cows Import 8534 10435 106 37 40 
WEST x EAST≥ 150 cows Test bull 9054 4906 105 18 2 

 
Statistical analyses. As shown in table 1, the data is substantially reduced when only 
daughters of test bulls are taken in the analysis. This results in a lack of contemporaries within 
herds to estimate fixed effects. Therefore, estimation of the fixed effects of herd-year and 
season of calving was done using univariate animal models for the complete data of East and 
the complete data of West applying the package PEST (Groeneveld 1994). The mixed linear 
model was: 
Yijk  =  HYi  + Sj +  ak + ACk + DIMk + eijk 
 
Yijk  = 305-day protein yield of cow k  
HYi  =  fixed effect of herd-year class i 
Sj = fixed effect of calving season j 
ak =  random additive genetic effect of animal k 
ACk = Age at first calving of animal k as covariate  
DIMk =  Days in milk of animal k as covariate 
eijk =  random residual effects 

After correction of phenotypic observations for all fixed effects, a stratification in subsets 
according to herd size and bull categories was done. Variance components and genetic 
correlations then were estimated via REML and bivariate animal models applying the package 
VCE (Groeneveld 1998). The reduced mixed linear model was: 
 Yk     =  µ  + ak + ek 
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RESULTS AND DISCUSSION 
Table 2 displays the results with respect to additive genetic and residual variances and the 
resulting heritabilities.  
 
Table 2. Results from the estimation of variance components and resulting heritabilities 
for 305-day protein yield (kg) in first lactations 
 

Region Sire σA
2 σE

2 h2 
A B Categ. A B A B A B 

WEST x EAST All  357 381 672 959 .35 .28 
WEST x EAST Proven  340 427 682 919 .33 .31 
WEST x EAST Import 452 446 713 1011 .39 .30 
WEST x EAST Test bull 345 355 819 1031 .29 .25 
EAST ≤ 50 cows x EAST≥ 150 cows All 440 487 794 982 .35 .33 
EAST ≤ 50 cows x EAST≥ 150 cows Proven  491 518 805 984 .33 .34 
EAST ≤ 50 cows x EAST≥ 150 cows Import 394 426 888 1155 .31 .27 
EAST ≤ 50 cows x EAST≥ 150 cows Test bull 430 410 809 1073 .34 .28 
WEST x EAST≥ 150 cows All 364 473 666 992 .35 .32 
WEST x EAST≥ 150 cows Proven  356 514 673 965 .34 .35 
WEST x EAST≥ 150 cows Import 457 423 708 1156 .39 .27 
WEST x EAST≥ 150 cows Test bull 315 411 819 1072 .28 .28 

 
The results from table 2 can briefly be summarized as follows: While additive genetic 
variances in WEST and EAST are on similar levels for all bull categories when the complete 
regions are analyzed, residual variances are remarkably different. Heterogeneity in variance 
components for production traits between regions within Spain were found by Ibanez et al. 
(1999). 
 
For large scale dairy farms in East, residual variances are increased compared to other types of 
farms in the data. A reason for this could be grouping systems within big herds which are not 
accounted for by the model of analysis. The comparatively high additive genetic variance in 
big herds in East could be explained by a genotype x environment correlation. All available 
management tools are applied to treat cows according to their genetic potential on modern 
large scale dairy farms. Across the bull categories of big herds in EAST, additive genetic 
variances are declining from ‘proven bulls’ to ‘test bulls’. A rather exceptionally high additive 
genetic variance is found for ‘import’ in WEST with the complete data. It may be suspected 
that this finding at least partly is associated with preferential treatment. 
 
In Table 3, estimates of the genetic correlations are essentially unity for the complete data 
EAST x WEST and for small and big herds within East, when all bulls, proven bulls and 
imported bulls are included in the analysis. The correlation drops to 0.88, 0.86 respectively, 
when only test bull daughters  are considered. When only big herds up to 150 cows are used 
for EAST and the complete data for WEST, there is a substantial change for test bull daughters 

Session 18. Genotype by environment interaction Communication N° 18-12   



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

in the genetic correlations towards 0.79. However, standard errors for estimates based on test 
bulls are high. 
 
Table 3. Genetic correlations  (standard errors in parentheses) for 305-day protein yield 
in first lactations for different bull categories 
 

Reg. A  Reg. B All bulls Proven  Import Test bulls 
WEST x EAST .93 (.01) .96 (.01) .97 (.02) .88 (.16) 
EAST ≤ 50 cows x EAST≥ 150 cows .98 (.01) .98 (.01) .95 (.05) .86 (.10) 
WEST x EAST≥ 150 cows .87 (.03) .89 (.03) .92 (.05) .79 (.20) 

 
The effect of the data stratification is quite pronounced for the correlation estimates from small 
and big herds within East based on test bull daughters. Interfering effects like preferential 
treatment should only be supposed for daughters of imported bulls with high semen costs. 
Following Robertson (1959), genetic correlations below 0.80 are evidence for the existence of 
genotype x environment interaction. Recent studies (Costa et al., 1998; Cienfuegos-Rivas et 
al., 1999 and Costa et al., 2000) show little evidence for the existence of genotype x 
environment interaction between countries in different ecological zones. Cromie (1998) 
investigated genotype by environment interaction for protein yield between high input herds in 
USA and low input herds in Ireland. The correlation estimates was 0.85. 
 
CONCLUSION 
In conclusion, the study shows differences in variance components and genetic relationships 
between dairy performance under large-scale farming in Eastern Germany with herd size of 
more than 150 cows (first lactations) and family farm conditions in Western Germany, 
especially when only test bull daughters are considered in the analysis. The results of this study 
indicate that due to the differences found, a borderless clustering of herds into production 
systems (Weigel and Rekaya 2000) should be considered as a reasonable alternative for the 
international breeding value estimation. 
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