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Table 1. Descriptive statistics for milk yield in the first three lactations based on herd-year size 
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1. Logarithmic transformation 
2. Arc sin transformation 
3. Square root transformation  
4. Box- Cox transformation 

Parity Herd-year 
size 

Record 
(n) 

Mean 
(kg) 

SD 
(kg) 

SE 
(kg) 

CV 
 (%) 

Skewness 

1 Large 
Medium 
Small 

77239 7401.49 1667.79 6.01 22.53 -0.031 
90582 7016.93 1585.90 5.27 24.58 -0.168 
77371 6480.47 1952.97 5.73 26.58 0.0261 

2 Large 
Medium 
Small 

47503 8078.92 2134.32 9.79 20.42 -0.187 
80886 7620.46 1919.34 6.75 23.19 -0.017 
73689 7010.08 1864.12 6.87 26.59 0.153 

3 Large 
Medium 
Small 

21987 8258.19 2433.78 16.41 21.47 -0.098 
60560 7889.09 2050.56 8.23 25.99 -0.009 
64706 7299.51 1957.24 7.69 26.81 0.165 
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Table 2. Structure of the pedigree file 

  

  

  

  

384947 Total  number of animals in data file 
189317 No. of animals without offspring 

6306 No. of sires 
378641 No. of dams  
223846 No. of animals with known sire 
227750 No. of animals with known dam 
217808 No. of animals with both parents known 
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Table 2. Descriptive statistics for  milk yield in the first three lactations before data grouping  

S.D=Standard Deviation; S.E=Standard Error; C.V=Coefficient of Variation 
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Table 4. Bartlett test before data transformation for milk yield 
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1. Boutsiko  

Skewness  CV  
(%)  

SE  
(kg)  

SD  
(kg)  

Mean 
(kg) 

No. of 
records 

Lactation  

-0.129  23.76  3.34  1655.65  6968.79  245192  1 st lactation  

0.044  26.59  4.44  1996.14  7505.65  202078  2 nd laction  
-0.100  27.38  5.48  2104.40  7685.13  147253  3 rd lactation  

Parity  Df χ% − value P-value 

1st    parity  2 251.30 0.0001 
2nd parity  2 1153.60 0.0001 
3rnd  parity  2 1689.10 0.0001 
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Table 5. Bartlett test after data transformation for milk yield 
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Transformation 

 

Log 

transformation 

Square root 

transformation 

Box-Cox  

transformation 

Arc sin  

transformation 

 

Parity 

 Df χ% 

−value 

P- 

value 

χ%

− value 

P-

value 

χ%

− value 

P-

value 

χ%

− value 

P-

value 

1  2 334.10 0.0001 130.20 0.0001 157.10 0.0001 1034.20 0.0001 

2   2 428.80 0.0001 8748.60 0.0001 995.10 0.0001 2504.80 0.0001 

3  2 1002.80 0.0001 1223.80 0.0001 1488.60 0.0001 3071.40 0.0001 
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Table 6. Estimates of variance components and heritability of milk yield before data transformation in single 

and multi-trait analysis  
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Parity Herd-year size Analysis model σ+
% σ,

% σ-
%  h% ± SE 

1 Large Single trait 287345 1273576 1560921 0.184 ± 0.009 
Multi-trait 322060 1247951 1570011 0.205 ± 0.003 

Medium Single trait 261298 1159981 1421279 0.183 ± 0.010 
Multi-trait 316890 1117215 1434105 0.221 ± 0.009 

Small Single trait 198993 915662 1114655 0.178 ± 0.007 
Multi-trait 208870 875157 1084027 0.193 ± 0.004 

2 Large Single trait 439590 2134368 2573958 0.170 ± 0.011 
Multi-trait 423399 2038920 2467319 0.173 ± 0.008 
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3 Large Single trait 486082 2714789 3200871 0.151 ± 0.006 
Multi-trait 472145 2604573 3076718 0.153 ± 0.003 

Medium Single trait 392463 2358009 2750472 0.142 ± 0.012 
Multi-trait 382463 2287106 266569 0.143 ± 0.010 

Small Single trait 297609 1784592 2082201 0.143 ± 0.016 
Multi-trait 297508 1743421 2030929 0.145 ± 0.012 
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Table 7. Variance components and heritability of milk yield after data transformation  

SMY=Square root transformed; LMY=Log transformed; BMY=Box-Cox transformed; AMY=Arc sin 
transformed 

  

  

  

  

  

Parity Cluster size Transformation 
method 

σ+
% σ,

% σ-
%  h% ± SE 

 

 

 

 

1 

 
Large 

SMY 10.11 48.57 58.68 0.172 ± 0.010 
LMY 0.007159 0.029625 0.036784 0.194 ± 0.008 
BCMY 5474751 23810000 29284751 0.186 ± 0.010 
AMY 0.003645 0.015254 0.018899 0.193 ± 0.010 

 
Medium 

SMY 9.68 45.52 55.20 0.175 ± 0.023 
LMY 0.003001 0.013045 0.016045 0.187 ± 0.010 
BCMY 4901559 21480000 26381559 0.185 ± 0.009 
AMY 0.003001 0.013045 0.016045 0.187 ± 0.009 

 
Small 

SMY 7.67 36.78 44.45 0.172 ± 0.020 
LMY 0.006936 0.025288 0.029864 0.153 ± 0.013 
BCMY 2943382 16830000 19773382 0.148 ± 0.012 
AMY 0.001757 0.010755 0.012512 0.141 ± 0.0110 

 

 

 

 

2 

 
Large 

SMY 15.34 74.36 89.70 0.171 ± 0.009 
LMY 0.007051 0.046043 0.053094 0.132 ± 0.008 
BCMY 58609 251791 310400 0.188 ± 0.009 
AMY 0.004221 0.020693 0.025184 0.167 ± 0.010 

 
Medium 

SMY 12.65 66.65 79.31 0.159 ± 0.008 
LMY 0.005366 0.034446 0.039812 0.134 ± 0.012 
BCMY 50728 221778 272506 0.186 ± 0.008 
AMY 0.003922 0.017150 0.024885 0.157 ± 0.011 

 
Small 

SMY 9.60 53.37 62.97 0.152 ± 0.011 
LMY 0.004943 0.036565 0.041508 0.119 ± 0.021 
BCMY 37951 173842 211793 0.179 ± 0.011 
AMY 0.002483 0.12984 0.015467 0.160 ± 0.011 

 

 

 

3 

 
Large 

SMY 19.76 93.62 113.38 0.174 ± 0.012 
LMY 0.009313 0.056826 0.066139 0.140 ± 0.012 
BCMY 16152 101509 117660 0.159 ± 0.013 
AMY 0.004571 0.024217 0.028788 0.158 ± 0.013 

 
Medium 

SMY 14.89 81.77 96.66 0.154 ± 0.008 
LMY 0.007669  0.048533  0.056202  0.136 ± 0.008 
BCMY 12269 88613 100882 0.138 ± 0.008 
AMY 0.003000 0.019148 0.022148 0.135 ± 0.008 

 
Small 

SMY 10.99 63.26 74.25 0.171 ± 0.010 
LMY 0.006294  0.038356  0.044650  0.140 ± 0.021 
BCMY 9617 67612 77229 0.142 ± 0.010 
AMY 0.001943 0.014036 0.015979 0.121 ± 0.010 
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Table 8. Comparison of breeding value ranks of top dams and sires from different transformation methods in 

large herd-year size 
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Table 9. Number and percentage of elite cows by herd-year size levels for different models 

 

J��
� K��LM  

Boldman K. G. and Freeman A. E. 1990. Adjustment for heterogeneity of variances by herd production in dairy 
cow and sire evaluation. Journal of Dairy Science, 73: 503-512. 
Carriedo J. A., Baro  J. A., De La Fuente L. F. and San Primitivo F. 1995. Genetic parameters for milk yield in 
dairy sheep. Journal of  Animal Breeding and Genetics, 112: 59- 63. 
Costa C. N. 1999. An investigation into heterogeneity of variance for milk and fat yields of Holstein cows in 
Brazilian herd environments. Genetics and Molecular Biology, 22(3):  375-381. 
De Veer J. C. and Van Veleck L. D. 1987. Genetic parameters for first lactation milk yields at three levels of 
production. Journal of Dairy Science, 70: 1434-1441. 
Everett R. W., Keown J. F. and Taylor J. F. 1982. The problem of heterogeneous within herd error variances 
when identifying elite cows. Journal of Dairy Science, 65 (Suppl. 1): 100 (Abstract). 
Gengler N., Wiggans G. R. and Gillon A. 2004. Estimated heterogeneity of phenotypic variance of test-day 
yield with a structural variance model. Journal of Dairy Science, 87: 1908-1916. 

                                                   Models compared  

Arc sin 
transformation  

Box-Cox   
transformation  

Square root 
transformation 

Log 
transformation 

Multi trait 
analysis  

 

          Sires 
0.578  0.969  0.953  0.459  0.920  Rank correlation 
315 315 315 315 315 Top 5% 
205  306  301  192  231  No. in common 
          Rank change: 

60.72  11.51  19.93  76.27  69.20  Average 
204  294.50  88.50  204.50  101.36  Maximum 

          Dams 
0.652  0.982  0.245  0.534  0.890  Rank correlation 

2451 2451 2451 2451 2451  Top 1% 
1646 2366 735 1208 1998 No. in common 
          Rank change: 

448.85  103.16  789.27  463.54  204.10  Average 
1740.50  685.50  2404  1483  769.35  Maximum 

                                           Models compared      

Arc sin 
transformation  

Box-Cox 
transformation  

Square root 
transformation  

Log 
transformation 

Multivariate 
analysis  

Univariate 
analysis 

 
Level of  
herd-year 
size 

%  no  %  no  %  no  %  no  %  no  %  no  

1.59  1232  1.56  1210  1.95  1511  1.09  845  1.56 1212 1.52  1180  Large 

1.06  968  1.08  984  0.88  802  1.21  1105  1.06  968  1.10  1000  Medium  

0.34  251  1.23  957  0.178  138  0.64  501  0.35  271  0.35  271  Small 
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Abstract 

This study was conducted to investigate the homogeneity of variance components for milk yield (MY) and to 
assess the effects of different data transformation methods on the ranking of elite animals in Iranian Holstein 
cows. Data sets included 245192 records for 1st lactation period, 202078 records for 2nd lactation and 147253 
records for 3rd lactation collected from 1983 to 2014 by the Animal Breeding Center and promotion of Animal 
Products of Iran. Records were classified into three different groups based on herd-year size. Four different data 
transformation methods including Logarithmic, Arc sin, Square root and Box-Cox were applied and the data 
were tested for heterogeneity of variance before and after using Bartlett’s test. The results indicated the 
heterogeneity of variance in all three groups (P < 0.01) before transformation. Yet, data transformation did not 
result in homogeneity of variance across the herd size classes. The Square root and Box-Cox transformation 
methods decreased the heterogeneity of variance components in the first lactation period while other methods 
had no effect in adjusting the heterogeneity of any groups. Heritability and estimated breeding values (EBVs) 
were obtained for non-transformed data using different methods based on animal model using VCE program. 
Heritability varied from 0.142 to 0.184 in single trait analysis and 0.143 to 0.221 in multi trait analysis. Some 
re-ranking of animals occurred after data transformation, but the Box-Cox method had a small effect on overall 
rankings and Spearman's rank correlations of animals. The applied transformation caused a substantial re-
ranking of EBVs of elite sire and dams considering herd size. Data transformation for adjusting heterogeneity of 
variance caused different proportions of top sires and dams to be excluded from lists when compared to the 
homogenous variance scenario. Therefore, to increase the accuracy of the evaluation and selection efficiency of 
milk yield, when evaluating the genetic of Holstein cows it is necessary to consider heterogeneity of variance. 

Keywords: Genetic parameters, Data transformation, Milk yield, Holstein cow, Heterogeneity of variance  
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