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INTRODUCTION 
A project for the international evaluation of Charolais and Limousine beef cattle breeds has 
been recently set up at INRA in collaboration with ICBF (Ireland), MLC (UK) and the Institut 
de l'Elevage (France). The joint evaluation of beef cattle using data collected from different 
countries by an animal model appears to be the method of choice, but it requires appropriate 
variance components to provide solutions with BLUP properties (Henderson, 1975). Several 
studies reported heterogeneity of variances for growth traits in beef cattle (e.g. Garrick et al., 
1989 ; Rodríguez-Almeida et al., 1995). When genetic and residual variances are not constant, 
ignoring heterogeneity can result in biased breeding value predictions and a loss in response to 
selection (Garrick and Van Vleck, 1987). A number of possible factors causing heterogeneity 
of variances has been suggested, including genetic*environment interaction and differences 
between management characteristics and geographical regions. A preliminary analysis of 
heteroskedasticity across geographical areas was performed with Charolais data originating 
from different European countries. 
 
MATERIAL AND METHODS 
Data. The weight at 200 days of age of purebred Charolais calves was analysed. All useful 
performances recorded between 1992 and 2000 in Ireland and Italy were used, along with a 
limited sample of the French data available in the same period. Heteroskedasticity was 
analysed across six regions : Ireland, Italy and four French regions. The number of records, 
herds, sires and maternal grand-sires, along with the means and standard deviations for the 
200-day weight in the analysed sample, are summarized in table 1.  
 
Table 1. Descriptive statistics for the analysed sample of 200–day weights 
 
  TOTAL  FRA-1 FRA-2 FRA-3 FRA-4 IRL ITA 
N. of records  114 829  41 350 24 256 19 363 22 167 5 178 2 515 
Mean  274.81  266.06 282.06 283.35 273.96 292.71 253.54 
S.D.  48.85  49.01 43.37 47.85 48.57 54.66 57.40 
N. of herds  643  210 114 79 98 108 34 
N. of sires   2 399  758 656 520 491 241 129 
N. of mgs  6 790  2 111 1 801 1 370 1 240 677 204 
 
Models. For computational reasons, a sire – maternal grand-sire model was preferred, denoted 
y = Xb + Zs + Wm + e. Hence, performances (y) were described with a mixed model 
including sire (s) and maternal grand-sire (m) as random genetic effects. The fixed effects (b) 
were : herd (within regions), year, season, sex of calf and age-of-dam, along with the 
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interactions of region with year, season and sex. Previous analyses showed that the region*age-
of-dam interaction was negligible. Different models were analysed according to the structure of 
the sire and residual variance matrices : 
 
• Model a. Homoskedastic model, whose (co)variance matrices for random effects were 
Var(e) = INσ , Var(s) = Aσ  and Var(m) = Aσ , being σ  the residual variance, IN an 

identity matrix (N = number of records), σ  and σ  the variances of sire and maternal grand-
sire effects respectively, and A the additive relationship matrix between s/m. A preliminary 
analysis showed that the covariance between sire and maternal grand-sire could be set to zero 
since it was negligible and non-significant. 
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• Models b, c and d. Heteroskedastic models, with heterogeneity of variances across regions 
for the residual (model b), the sire (model c) and both (model d) factors. According to Foulley 
et al. (1990) and Gianola et al. (1992), we assumed that the population was stratified into six 
subpopulations (i = 1 to 6) corresponding to the six regions, for which different means and 
residual (σ ) and/or sire (σ ) variances were considered. The (co)variance structures for the 
random effects were : 
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Var(e) = ⊕  for models b and d  (ni = the number of records from the ith region)  2
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Var(s) = D∆D’ ⊗ A for models c and d, being D = diag{σ }i=1, 6 and ∆ a correlation matrix 
whose non-diagonal elements (δij, i≠j) were the correlation coefficients between sire effects in 
the ith and jth regions. An additional hypothesis was pretended to be tested : either these 
correlation coefficients differed or there was a unique correlation (δ) between all regions (i.e. 
δij = δ ∀i,j). Unfortunately, the model with different correlation coefficients did not converge 
into the parameter space, so any conclusion could be established in this respect. 
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Estimation of (co)variance components and hypothesis testing. The dispersion parameters 
were estimated for each model by Restricted Maximum Likelihood (Patterson and Thompson, 
1971) using the ASREML package (Gilmour et al., 2000). All hypotheses were tested by 
means of Likelihood Ratio Test (Rao, 1973). 
 
RESULTS AND DISCUSSION 
Likelihood ratio tests between the different models are reported in table 2. The heteroskedastic 
models (b, c and d) were significantly (p < 0.0001) more likely than the homoskedastic model 
(a), which was firmly rejected. Also a significant improvement of the likelihood (p < 0.0001) 
was obtained by fitting heteroskedasticity for both the sire and residual components (model d) 
as compared to the models with heterogeneity for either residual or sire variances (models b 
and c). These results clearly point out the presence of heterogeneous variances across 
geographical regions for residual and genetic effects. 
Table 3 shows the (co)variance components estimated from the homoskedastic model (model 
a) and the model with genetic and residual heteroskedasticity across regions (model d). 
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Estimates obtained with models b and c for σ  and σ  respectively did not differ 
substantially from those obtained with model d. Although there were significant differences of 
the sire and residual variances between the French regions, the major source of 
heteroskedasticity were the data originating from Ireland and Italy. Both variance components 
were higher in Ireland as compared to France, but the heritability was not too different 
however. Opposite to that, the sire variation obtained from Italian data was more than three 
times the sire variance in the other regions/countries, leading to an heritability close to unity. 
To a certain extent this could be consistent with the higher standard deviation previously 
observed in the Italian data (see table 1). Moreover the Italian was the smaller available data 
set and, consequently, had the bigger estimate errors. But anyway other factors should have 
had a role in this unexpected result, as for instance the use of bulls with extreme genetic values. 
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Table 2. Results from likelihood ratio test of the heteroskedastic models 
 
 log L  vs. model a  vs. model b  vs. model c 
Model a -466 519       
Model b -466 059  p < 0.0001     
Model c -466 457  p < 0.0001  ------   
Model d -466 018  p < 0.0001  p < 0.0001  p < 0.0001 
 
Our results show that heteroskedasticity should be taken into account in the international 
evaluation model of Charolais breed. The BLUP procedure can properly account for variance 
heterogeneity if all necessary variance components are known (Henderson, 1984 ; Gianola, 
1986), but this can involve a large number of parameters and subclasses if the factors of 
heterogeneity are numerous. The number of parameters could be reduced if ratios of variances 
were similar among subclasses and if correlations between random effects in different 
subclasses were not different from unity which, in turn, will reduce the number of equations 
(Quaas et al., 1989). In the present analysis the sire variances varied in the same way as the 
residual variances (table 3), so the variance ratio differences were not so pronounced except for 
the Italian data. Our results do not allow however to conclude a constant heritability across 
regions, even across French regions. 
The estimated correlation between sire genetic effects in different regions did not differ 
substantially from unity (δ = 0.89). As stated by de Mattos et al. (2000) in Hereford breed, 
such a high correlation suggests the absence of genotype by environment interaction. 
Nevertheless, in author’s opinion this conclusion cannot be firmly established without 
rigorously testing the hypothesis of identical correlation coefficients between sire effects across 
all analysed regions. As mentioned above, the model with different correlation coefficients 
across regions did not converge into the parameter space, but estimates indicated very high 
correlations between French regions and even between Italy and French regions, and 
considerably lower coefficients between Ireland and the continental regions. 
Finally it is worth mentioning that the heteroskedasticity observed across geographical areas 
may involve numerous factors, so it is not easy to hypothesise specific causes for the 
heterogeneity of variances. Environmental differences, different production systems, genetic 
levels or herd sizes, and even the genotype*environment interaction, may be involved. Also the 
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possible heteroskedasticity for maternal effects might play a role, as heterogeneity of maternal 
grand-sire variances was not taken into account in this preliminary analysis. Further studies of 
the available data to check specific factors linked to the heterogeneity of variances should be 
carried out. 
 
Table 3. Dispersion parameter estimatesa (± approximated s.e.) in the homoskedastic (a) 
and the heteroskedastic (d) models 
 

      MODEL d   
  MODEL a  FRA-1 FRA-2 FRA-3 FRA-4 IRL ITA 
2
sσ   116.3 ± 5.4  121.1 ± 9.3 77.9 ± 7.2 90.9 ± 9.1 115.8 ± 11.2 178.9 ± 32.3 443.7 ± 81.1 

δ    0.89 ± 0.04 
2
mσ   75.7 ± 3.6  74.7 ± 3.6 

2
eσ   1206 ± 5.2  1272 ± 9.1 1048 ± 9.8 1060 ± 11.1 1226 ± 12.0 1824 ± 37.7 1324 ± 39.0 

2
dh   0.33  0.33 0.26 0.30 0.33 0.34 0.95 

a ,σ andσ  = variances of sire, maternal grand-sire and residual effects ; δ=correlation of sire 
effects across regions ; =heritability of direct effects. 
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CONCLUSION 
Results clearly showed the presence of heteroskedasticity across geographical regions in 
Charolais weaning weight. Although this is only a preliminary study, it clearly reveals the 
inadequacy of the homoskedastic model to carry out the international genetic evaluation of 
Charolais breed. Further studies must be done in order to know the nature and the underlying 
factors involved in the heteroskedasticity.  
 
REFERENCES 
de Mattos, D., Bertrand, J.K. and Misztal, I. (2000) J. Anim. Sci. 78 : 2121. 
Foulley, J.L., Gianola, D., San Cristobal, M. and Im, S. (1990) J. Dairy Sci. 73 : 1612. 
Garrick, D.J., Pollak, E.J., Quaas, R.L. and Van Vleck, L.D. (1989) J. Anim. Sci. 67 : 2515. 
Garrick, D.J. and Van Vleck, L.D. (1987) J. Anim. Sci. 65 : 409.  
Gianola, D. (1986) Theor. Appl. Genet. 72 : 671.  
Gianola, D., Foulley, J.L., Fernando, R.L., Henderson, C.R. and Weigel, K.A. (1992) J. Dairy Sci.  

75 : 2805. 
Gilmour, A.R., Cullis, B.R., Welham, S.J. and Thompson, R. (2000) «ASREML Reference Manual» 
Henderson, C.R. (1975) Biometrics 31 : 423. 
Henderson, C.R. (1984) «Applications of Linear Models in Animal Breeding». Univ. Guelph, Guelph, 

Canada. 
Patterson, H.D. and Thompson, R. (1971) Biometrika 58 : 545. 
Quaas, R.L., Garrick, D.J. and McElhenney, W.H. (1989) J. Anim. Sci. 67 : 2529. 
Rao, C.R. (1973) «Linear statistical inference and its applications ». Wiley, New York, USA. 
Rodríguez-Almeida, F.A., Van Vleck, L.D.  and Cundiff, L.V. (1995) J. Anim. Sci. 73 : 2579.  

Session 18. Genotype by environment interaction Communication N° 18-10 


	TOTAL
	Estimation of (co)variance components and hypothesis testing. The dispersion parameters were estimated for each model by Restricted Maximum Likelihood (Patterson and Thompson, 1971) using the ASREML package (Gilmour et al., 2000). All hypotheses we

	MODEL d
	MODEL a
	CONCLUSION


