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INTRODUCTION
Genotype x environment interaction studies in beef cattle is complicated by the variety of
environments in which production taken place. Ecological regions should be taken into
account, but even more important is the management levels within a region. Add to that the
effect of varying year / seasons and the difficulty of these studies becomes clear. A number of
studies were done to investigate genotype by environment interaction by using cluster analyses
(Lin and Lin, 1994 ; Weigel and Rekaya, 1999 ; Fiske et al., 2001 and Zwald et al., 2001). The
majority of these studies were on dairy cattle, investigating borderless international genetic
evaluations. The herd-cluster model is appealing because an animal’s genetic merit is predicted
for each unique environment or management system, regardless of country borders (Weigel
and Rekaya, 1999). The aim of this study was to investigate the feasibility of using cluster
analyses in the genetic evaluation of beef cattle.

MATERIAL AND METHODS
Data. Weaning weight records of 24 572 Bonsmara calves, the progeny of 473 sires and 9 562
dams in 30 herds, were used in the analysis. The period covered was between seven and 13
years per herd. Herds used in the study were from savanna, bushveld and mixed savanna
bushveld ecological regions. AI was used in all the herds, therefore creating genetic links
between the herds.

Analysis. Cluster analysis is an exploratory technique designed to classify data into subgroups,
which share similar characteristics (Lin and Lin, 1994). A stepwise regression analysis was
done to assess the importance of different environmental factors on weaning weight, The
following environmental factors were significant and were used to classify herds into clusters :
average weaning weight (to give and indication of the management level in a herd), herd size
and average temperature. The two – stage density linkage clustering procedure in SAS was
used for herd clustering. The clustering process is performed in two stages. In the first stage,
disjoint modal clusters are formed, while in the second stage the modal clusters are
hierarchically joined by single linkage (SAS guide 1992). 
Estimates of the (co)variance components were obtained using the ASREML program
developed by Gilmour et al. (1999). In the analysis two correlated random factors, direct
additive and maternal additive were included, while permanent maternal environment and
Herd-Year-Season x Sire interaction was included as uncorrelated additional random factors.
Herd-year-season and sex were included as fixed effects. Age of dam and age at weaning were
fitted as linear regressors. Production in each cluster was considered a separate trait. The
results of the single trait analysis were used as starting values for the bivariate analysis.
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Bivariate animal models were used to obtain correlation estimates between the clusters, as the
data set was too big to include all the clusters in one analysis. 

RESULTS AND DISCUSSION
Six clusters were formed. In Table 1 the basic statistic for each cluster are presented. Two of
the clusters (2 and 5) had less than 3000 animals. 

Table 1. Number of animals, herds, mean, minimum and maximum weaning weight in kg
for each cluster

Cluster Number animals Number herds Mean Minimum Maximum
1 6 417 5 220.0 100.0 345.0
2 2 539 3 225.3 116.0 340.0
3 6 488 4 203.5 105.0 325.0
4 4 116 9 193.9 100.0 330.0
5 1 662 4 213.7 100.0 320.0
6 3 350 5 236.5 86.0 350.0

Table 2. Distribution of common sires across clusters

2 3 4 5 6
1 18 18 21 17 33
2 11 12 11 16
3 20 14 21
4 17 20
5 18

The distribution of common sires across clusters in quite even. One would have liked an even
higher number of common sires to obtain better genetic links between clusters. The restricted
use of AI is, however, a common problem in all beef cattle herds in South Africa. This could
adversely affect the correlation estimates between clusters. 
The direct heritability estimates in the clusters were similar except for the two clusters with
less than 3000 animals. In these the heritability estimates were substantially higher. The
correlation between the animal effects for these two clusters also differ substantially from the
rest. This could be an indication that not enough data and/or links exist in these two clusters. In
general are the estimates in line with results obtained by Neser et al. (1996) and Nephawe et al.
(1999) in studies done on Bonsmara cattle.
The direct genetic correlation estimates between the clusters varied between –0.04 and 0.91
while the maternal genetic correlation estimates varied between -0.39 and 0.99. The low
genetic correlation estimates obtained with Cluster 5 and the other clusters could be the result
of the small number of animals in the cluster. Robertson (1959) indicated that the genetic
correlation gives a measure of the practical rather than statistical significance of the traits and
suggested that an estimated genetic correlation appreciable lower than one would indicate
changes in the ranking of genotypes in the two environments. The low correlation estimates
between some of the clusters indicate that a possible genotype x environment interaction exist
between the clusters. 
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Table 3. Genetic parameters and standard errors obtained in the single trait analysis for
each cluster

Cluster 1 2 3 4 5 6
Direct heritability 0.12 0.21 0.16 0.14 0.23 0.15
SE 0.05 0.09 0.05 0.06 0.11 0.06
Maternal heritability 0.17 0.18 0.16 0.23 0.13 0.16
SE 0.05 0.06 0.05 0.06 0.10 0.06
Correlation between animal effects -0.62 -0.04 -0.41 -0.56 0.04 -0.54
SE 0.16 0.27 0.17 0.18 0.46 0.17
HYSxS interaction 0.10 0.05 0.07 0.10 0.05 0.07
SE 0.01 0.02 0.01 0.02 0.02 0.02
Permanent maternal environment 0.15 0.16 0.10 0.11 0.07 0.16
SE 0.03 0.04 0.03 0.04 0.08 0.04

Table 4. Genetic correlation (above the diagonal) and maternal correlation (below the
diagonal) estimates between the clusters obtained in the bivariate analysis

Cluster 1 2 3 4 5 6
1 0.85 0.46 0.61 0.01 0.36
2 0.62 0.33 0.68 -0.04 0.29
3 0.94 0.92 0.57 0.22 0.91
4 0.72 0.11 0.48 -0.11 0.75
5 0.95 0.65 -0.39 0.79 0.78
6 0.99 0.93 0.71 0.35 0.55

CONCLUSION
With the herd-cluster model, herds are grouped based on likeness, rather than location (Weigel
and Rekaya, 1999). Animals can therefore get breeding values in different management levels.
This would simplify selection substantially as the best-adapted animal for a specific
environment could be selected. However, further research is needed to identify and prioritize
variables that can describe the genetics, management and climate of each herd more accurately.
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