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_______________________________________________________________________________________ 
Abstract 

South Africa implemented test-day models for genetic evaluations of production traits, using a Fixed 
Regression Test-Day Model (FRTDM), which assumes equal variances of the response variable at different 
days in milk, the explanatory variable. Data at the beginning and at the end of lactation period, have higher 
variances than tests in the middle of the lactation. Furthermore, first lactations have lower mean and 
variances compared to second and third lactations. This is a deviation from the basic assumptions required 
for the application of repeatability models. A modification was therefore implemented to reduce the effect of 
deviating from this assumption. Test-day milk, butterfat and protein yield records of Jersey cows, 
participating in the South African Milk Recording Scheme, were therefore pre-adjusted such that the 
variances are on the same scale. Variance components estimated using the adjusted records were higher than 
using unadjusted records. Convergence of breeding value estimation is reached significantly faster when 
using adjusted data (± 4000 iterations) compared to unadjusted records (± 15 000 iterations). Although cow 
and bull rankings were not influenced much, significant changes in breeding values for individual animals 
and genetic trends of especially young animals, were found. 
_______________________________________________________________________________________ 
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Introduction 

Considerable interest has been shown in the last few years to model individual test-day records for 
genetic evaluation of dairy cattle, instead of using the traditional accumulated 305-day yields in the 
evaluation of production traits (Swalve, 2000; Jensen, 2001; Mrode et al., 2002). South Africa implemented 
test-day models for genetic evaluations of production traits, using a Fixed Regression Test-Day Model 
(FRTDM), where the lactation curve is modelled as a fixed regression and the random components are 
specified as a traditional repeatability model, i.e. constant additive genetic and permanent environmental 
variances throughout the lactation. Test-day records of the first three lactations were included as repeated 
measures in the South African FRTDM (Mostert et al., 2006a). A FRTDM assumes equal variances at 
different days in milk, but data at the beginning and at the end of lactations have had higher variance than 
tests in the middle of lactation (Jensen, 2001). This is probably due to the onset and end of lactation 
processes being influenced by more factors than maintenance of production in the middle of lactation 
(López-Romero et al., 2003), for example, the interval between calving and first test of the lactation 
influences first test-day yield more than other test-day yields of the lactation, as can be expected in view of 
rapid changes in milk yield during early lactation (Pander et al., 1992). Furthermore, first lactations have 
lower means and variances compared to second and third lactations. Swalve (2000) and Jensen (2001) 
recommended that heterogeneity of variance should be accounted for in the application of test-day models.  

In the test-day model implemented by Mostert et al. (2006a), it was found that older sires, especially 
those born during the 1980s, who performed well at their time, but whose dams’ and other female relatives’ 
test-day records were not stored on the INTERGIS (Integrated Registration and Genetic Information System) 
and who did not have active progeny in the TDM anymore, ranked too high (Mostert et al., 2006b). The aim 
of this study was therefore to investigate adjusting for heterogeneous variances which exist at different days 
in milk and parity; to determine the effect of deviating from this assumption as required by repeatability 

 
The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp 

 

mailto:Bernice@arc.agric.za


South African Journal of Animal Science 2006, 36 (3) 
© South African Society for Animal Science 

 

166

models and to investigate the inclusion of a fixed calving year effect in the South African FRTDM for 
genetic evaluation of production traits of Jersey cattle.  

 
Materials and Methods 

A total of 3 192 159 milk, butterfat and protein test-day records of the first three parities for Jersey 
cows participating in the South African Milk Recording Scheme was downloaded from the INTERGIS. The 
following edits were applied to the data: deletion of records with unknown herds, unknown birth dates and 
calving dates, test days recorded before five days in milk or after 305 days in milk, records of crossbred cows 
and age restrictions within lactations to ensure reasonable calving ages in a specific lactation (17 – 40 
months for lactation 1, 29 – 53 months for lactation 2 and 41 – 67 months for lactation 3). Protein yield was 
treated as missing for records where protein percentage was greater than 6% or less than 2%. The same was 
done with butterfat yield where butterfat percentage was higher than 9% or lower than 2%. Test-day milk 
yield was limited to a range of 1 kg to 70 kg. Lactations should fit the following requirements to be included 
(specifications from IRIS - the national dairy management system): 

1. First test of a lactation should be within the first 63 days in milk. 
2. No intervals longer than 100 days between tests of a lactation are allowed. 
3. Only one interval between 60 and 100 days allowed per parity. 
 

Lactations ending before 60 days in milk were also discarded. These specifications resulted in 13% of 
the data being discarded and a data set of 2 768 524 test-day records was obtained. This dataset is referred to 
as the unselected dataset. 

The following fixed effect model was then applied to the data, separately for each trait, in order to 
obtain BLUEs (Best Linear Unbiased Estimates) of all fixed effects in the model: 
 

yijklmnp = µ + HTDLMim + Skm + AClm + wilmink(Skm ) + CIjm + CYpm +  eijklmnp
 
Where: 
yijklmnpq       =   pth test-day milk, butterfat or protein yield of cow j in lactation m in herd x  

     test-date x parity x number of milkings group i, of season k, age class l,  
     calving interval class n and calving year p 

µ       =   mean yield 
HTDLMi          =   fixed effect of herd x test-date x parity x number of milkings group 
Skm   =   fixed effect of calving season in lactation m 
AClm  =   fixed effect of age class in lactation m  
wilmink(Skm ) =  Wilmink curve (Wilmink, 1987) modelled on days in milk within season k  

     and in lactation m  (regression) 
CInm  =   fixed effect of calving interval class in lactation m 
CYpm  =  fixed effect of calving year in lactation m 
eijklmnp  =  random residual error 
 
Two calving seasons were defined: April – September and October – March, while the same age 

classes were allocated as in the derivation of standard lactation curves by Mostert et al. (2001).  Calving 
interval classes were allocated using standard deviation units. This model assumed consecutive test day 
samples of a cow, within and across lactations, to be repeated observations of the same trait (Mostert et al., 
2006a). 

Data was then pre-adjusted for heterogeneous variances as follows: Variances of residuals from the 
fixed effect model at each day in milk (DIM) were calculated separately for each parity, for all traits, e.g. 
variance of DIM i of lactation m is var_im. A weighted average of all var_im values was then calculated 
using SAS (1996) to obtain var_m, the average variance within lactation m. It was decided to use lactation 1, 
as the reference parity, as most test-day records originate from lactation 1 (1 246 080 lactation 1 records 
versus 1 016 606 for lactation 2 and 809 323 for lactation 3). The following scaling factor (s_im) was then 
implemented to pre-adjust all test-day records such that residual variance of all lactations and all days in milk 
were similar to the weighted average of lactation 1 (reference parity) (Dr Zenting Liu, 2005: Personal 
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Communications, VIT Geneticist, zenting.liu@vit.de). The idea was to firstly scale variance to an average 
within lactation and secondly to scale the variance of the different parities to the weighted average of the 
reference parity. This could, however, be done with a one-step procedure:  

 
s_im = √ (var_m / var_im) * √ (var_1 / var_m) 

 
= √ (var_1 / var_im) 

 
where var_1 (var_m) is the weighted average of days in milk variances for first (m_th) lactation and var_im 
is the variance of day i in milk in lactation m. After the estimation of scaling factors, the test-day records 
were adjusted as follows: 

y* = BLUEs + r*s_im 
 

where y* is the test-day yields adjusted for heterogeneous variances, BLUEs are the best linear unbiased 
estimates of all fixed effects in the model and r is the residual variance. The adjusted yields (y*) were then 
included in (co)variance component estimation and in the national genetic evaluation for estimation of 
breeding values, using the same model as above, but adding the animal additive genetic and permanent 
environmental effects as random effects.

For (co)variance estimation, a selected dataset was carefully constructed to ensure adequate genetic 
linkage among contemporary groups, as follows: 

• Only records from cows where both parents were known. 
• Only records where milk, butterfat and protein yields were measured.  
• Cows must have a first parity. 
• Contemporary groups with daughters of at least two sires. 
• Contemporary groups with at least five records. 
• Sires must be represented in at least three contemporary groups. 
• Lactations must have at least nine test-days. 

(Co)variance components were estimated with a multitrait analysis using VCE4 (Groeneveld & 
Garcia-Cortes, 1998). For this selected dataset, pedigrees were traced back for three generations.  

PEST (Groeneveld & Kovac, 1990) was used to estimate breeding values, using the unselected dataset 
and a multitrait evaluation. The pedigrees were, however, traced back as far as possible and genetic groups 
were incorporated to ensure that base animals enter the evaluation on the appropriate genetic level.   

Pearson correlations were estimated using SAS (1996) between adjusted test-day records and test-day 
records from the March 2005 national genetic evaluation (unadjusted) (Mostert et al., 2006a), as well as 
between breeding values based on the adjusted records and breeding values from the March 2005 national 
genetic evaluation. Differences between estimated breeding values (EBVs) from these two evaluations 
(adjusted breeding values – unadjusted breeding values), averaged per year of birth, were also plotted for 
proven sires (having at least 20 daughters in 10 herds), young sires (having at least one daughter and having 
been born since 1999) and measured cows. Cows were separated into cows having only first lactations, cows 
having up to the second lactation and cows having up to three lactations. Genetic trends, averaging EBVs per 
year of birth, for proven and young sires, as well as measured cows, were also calculated. 

 
Results and Discussion 

Numerous studies have reported heterogeneous genetic, residual and permanent environmental 
variances for production traits (Hill et al., 1983; Logfren et al., 1985; Mirande & Van Vleck, 1985; 
Brotherstone & Hill, 1986; Boldman & Freeman, 1990; Dong & Mao, 1990, Short et al., 1990, Meuwissen 
& Van der Werf, 1993; Ibanez et al., 1996; Meuwissen et al., 1996, Jaffrezic et al., 1999; Robert-Granié et 
al., 1999). Several sources of heterogeneous variances are identified, of which the increase in phenotypic 
variance with increase of production level is probably the most important (Robert-Granié et al., 1999). The 
change of residual variance over time is therefore only one of the factors of heterogeneity of variance that 
should be taken into account. 

 

Pre-adjustment of test-day records for heterogeneous variances is often done in genetic evaluations. 
Reents et al. (1998) described an adjustment procedure to account for within herd heterogeneous variances, 
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considering number of contemporary records, production levels, parity and stage of lactation, for official 
implementation in the previously used German Fixed Regression Test-Day Model. In the Canadian Random 
Regression Test-Day Model, data are pre-adjusted for heterogeneous herd-test-date-parity variances on a trait 
to trait basis (Schaeffer et al., 2000). 
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Figure 1 Residual variance per day in milk for lactations 1, 2 and 3 of the Jersey breed  

 
 

Table 1 Data structure and statistics (average ± s.d.) of the Jersey datasets used for (co)variance component 
estimation (selected dataset) and prediction of breeding values (unselected dataset) 

 
 Unselected 

Dataset 
Selected  
Dataset 

   
Test-Day records 2 768 524 103 889 
Lactation records 361 352 11 343 
Cows 190 372 8 717 
Sires 4 504 949 
Dams 105 406 7 681 
Contemporary groups 181 411 7 423 
Pedigree 334 300 23 651 
Milk yield (kg/day)  15.65 ± 5.28 14.42 ± 4.50 
Butterfat yield (kg/day) 0.71 ± 0.26 0.65 ± 0.21 
Protein yield (kg/day) 0.58 ± 0.19 0.54 ± 0.16 
   

 
 
Figure 1 indicates residual variances across the lactation. It is clear that residual variances are higher in 

the beginning of all lactations compared to tests in the middle of the lactation, with erratic behaviour, due to 
only few tests available at the end of the lactations. Residual variances of first lactations are dramatically 
lower during all stages of the lactation compared to second and third lactations, while that of second and 
third lactations are more comparable. Third lactation test-day records show the highest variance throughout 
the lactation. Adjusting for heterogeneous variance due to days in milk and parity will therefore render an 
improvement on the March 2005 national genetic evaluation. 

In Table 1 the data structure and statistics of the datasets for (co)variance component estimation and 
for prediction of breeding values, are presented.  From this table it can be seen that 3.75% of the data was 
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selected for (co)variance component estimation. Since a higher proportion of first lactation records (77%) 
relative to second and third lactation records was included in the selected dataset compared to the unselected 
dataset (42% first lactation records), averages in the selected dataset were slightly lower for all traits 
compared to the unselected dataset. 

Pearson correlations between unadjusted (March 2005 national genetic evaluation) and adjusted test-
day records, were above 99% for all traits, with butterfat yield mostly affected.  

In Table 2 variance component ratios estimated based on adjusted records from the selected dataset, as 
well as variance components used in the March 2005 national genetic evaluation (unadjusted records), are 
listed. 

 
 

Table 2 Variance component ratios estimated using the selected dataset, adjusted for heterogeneous 
variances and unadjusted data, as used in the March 2005 national genetic evaluation, for the Jersey breed 

 
 Adjusted data Unadjusted data 

  
Milk 

 
Butterfat 

 
Protein 

 
Milk 

 
Butterfat 

 
Protein 

 
Direct 

Milk 0.242 ± 0.017 0.774 ± 0.019 0.912 ± 0.008 0.175 ± 0.013 0.779 ± 0.023 0.898 ± 0.010 
Butterfat  0.200 ± 0.013 0.884 ± 0.011  0.103 ± 0.009 0.882 ± 0.014 
Protein   0.229 ± 0.017   0.155 ± 0.012 

 
Permanent environment 

Milk 0.374 ± 0.016 0.923 ± 0.007 0.965 ± 0.003 0.304 ± 0.012 0.886 ± 0.008 0.952 ± 0.003 
Butterfat  0.262 ± 0.012 0.943 ± 0.005  0.193 ± 0.008 0.932 ± 0.006 
Protein   0.329 ± 0.015   0.259 ± 0.011 

 
Residual 

Milk 0.384 ± 0.003 0.752 ± 0.001 0.912 ± 0.000 0.521 ± 0.004 0.723 ± 0.001 0.918 ± 0.000 
Butterfat  0.538 ± 0.004 0.741 ± 0.001  0.703 ± 0.004 0.708 ± 0.001 
Protein   0.442 ± 0.004   0.586 ± 0.004 

 
 
Variance component ratios estimated using the adjusted records were higher for the direct and 

permanent environmental effects, at the expense of residual ratios, in comparison with estimates obtained 
from unadjusted data. This makes sense as part of the residual variance has already been taken care of when 
adjusting for heterogeneous variances. However, these (co)variance component estimations were not done on 
the same dataset. Different criteria were used in the selection of the two datasets used in these estimations. 
For example in the adjusted dataset, one of the criteria was that only lactations with at least nine test-day 
records were included in the selection, while in the unadjusted data set, lactations consisting of six and more 
test-day records, were included (Mostert et al., 2006a). Variance component estimation on test-day records is 
influenced by the stage of the lactation which is represented by the test-day records included in the 
evaluation. According to Meyer et al. (1989) heritabilities were generally highest for test-day yields in the 
second trimester of lactation.  Pander et al. (1992) reported that heritability estimates for milk yield, butterfat 
and protein concentrations were highest in mid-lactation with a similar pattern for butterfat and protein 
yields, except that estimates in late lactation for these yields did not fall. Jakobsen (2000) showed that for 
milk and protein yields, there were tendencies towards higher heritability estimates in mid-lactation, while 
heritabilities for butterfat yield were more constant throughout the lactation. Druet (2003) also found genetic 
variance to be highest in mid-lactation and lower at the beginning and end of lactation. This can be attributed 
to intervals being too wide between test-days in the extremes of lactation, to define the traits in those parts of 
the lactation and because information is scarce in those periods (López-Romero et al., 2003). Pre-adjusting 
test-day records for heterogeneous residual variances removed the decline in residual variance that occurs 
throughout the lactation, as well as the slight increase at the end of lactation, as described by Meyer et al. 
(1989), Pander et al. (1992), Swalve (1995), Rekaya et al. (1999) and Pool et al. (2000), rendering higher 
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(co)variance component ratios in comparison with those based on the unadjusted records which included 
higher percentage lactations over a shorter stage of the total lactation. 
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Figure 2 Differences in milk yield estimated breeding values (EBVs) (adjusted-unadjusted), averaged per 
year of birth, for proven and young Jersey sires          
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Figure 3 Differences in milk yield estimated breeding values (EBVs) (adjusted-unadjusted), averaged per 
year of birth, for Jersey cows 

 
 
Convergence (defined as standardized maximum change of the solutions from one round to the next 

with a stopping criterion of 0.001) of breeding value estimation was reached much faster when using 
adjusted data (± 4000 iterations) compared to unadjusted records (± 15 000 iterations for the March 2005 
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evaluation). Correlations between EBVs on adjusted and unadjusted records were higher than 96% for 
measured cows and young sires, and higher than 98% for proven sires.  

In Figures 2 and 3 the differences in milk yield EBVs, averaged per year of birth, between the adjusted 
and unadjusted data, are indicated for sires (Figure 2) and cows (Figure 3).  

Figure 2 shows the differences in milk yield EBVs (adjusted evaluation EBVs – unadjusted evaluation 
EBVs) averaged per year of birth, for young and proven sires. For young sires EBVs were overestimated by 
the March 2005 evaluation, with the youngest sires (having a larger proportion of their daughters early in 
their lactation), being affected mostly. EBVs of proven sires, born from 1983 to 1993, were also 
overestimated by the March 2005 evaluation, with sires born in 1985 especially affected. The lower EBVs 
estimated by the adjusted evaluation are probably due to the inclusion of the calving year effect in the model, 
which proved to be significant for all traits (P < 0.05). Averages of sires born before 1979 were based on 
only a few sires per year. In Figure 3 these differences are indicated for the cows. EBVs were underestimated 
by the March 2005 evaluation for cows born between 1983 and 1990 (first lactation cows) and 1992 (second 
and third lactation cows), with second and third lactation cows mostly affected. Thereafter EBVs were 
overestimated, with first lactation cows being mostly affected, followed again by a slight underestimation for 
the young cows.    

 
 

Table 3 Summary of statistics for individual differences (adjusted milk yield estimated breeding values – 
unadjusted milk yield estimated breeding values) of young sires, proven sires and first lactation cows, cows 
having up to second lactations and cows having up to third lactations 
 

 Number Min. difference1

 (kg) 
Max. difference2

(kg) 
Avg. difference 

(kg) s.d. 
      
Young Sires 365 -888 530 -11.2 134.9 
Proven Sires 418 -180 228 -22.8 63.9 
1st Lactation Cows 46 649 -1 157 1 157 -1.5 98.3 
2nd Lactation Cows 43 642 -719 861 8.1 71.8 
3rd Lactation Cows 95 649 -886 725 14.1 64.8 
      

              1Overestimated 2Underestimated 
 
 
Although bull and cow rankings as well as differences between the two analyses, averaged per year of 

birth, were not dramatic, significant changes for individual animals were found between the two models. 
Table 3 indicates that the average EBVs of proven and young sires and first lactation cows were lower after 
adjusting for heterogeneous variances and fitting a calving year to the model, therefore these EBVs were 
previously on average, overestimated. Second and third lactation cows’ averages, were higher after these 
changes to the model. These EBVs were therefore previously, on average, underestimated. Individuals that 
differed most, were first lactation cows, with proven sires being the least affected. 

For example, individual sires were found with milk EBVs being 180 kg lower (previously 
overestimated) and 228 kg higher (previously underestimated) compared to EBVs from the March 2005 
evaluation. EBVs of young sires showed by far the most variation after the changes in the model. Reents  
et al. (1998) also reported that although overall cow and bull rankings were not influenced much by method 
of standardization for heterogeneous herd x test-date variances, significant effects for individual animals 
could be found. 

 

Figures 4 and 5 indicate the effect of adjustment for heterogeneous variances and the inclusion of a 
fixed calving year effect in the model on the genetic trend of milk yield for sires and cows, respectively. The 
genetic trend for proven sires is generally lower for the adjusted evaluation, especially for sires born from 
1983 to 1993 and again in 1996. For the young sires the adjusted evaluation also yielded a lower genetic 
trend, with the youngest sires showing the largest decline in trend. For the cows, adjustment and adding a 
fixed calving year effect to the model only influenced the younger cows, with the adjusted evaluation 
yielding a significantly lower trend for cows born after 2001. Similar tendencies were observed for butterfat 
and protein yields, resulting therefore in a lower percentage of young animals being in the top bull and cow 
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rankings compared to the unadjusted evaluation. Reents et al. (1998) also observed that highest genetic 
trends were found for models without any adjustment and smallest with models with a strict adjustment for 
heterogeneous variances.  
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 Figure 4 Effect of adjustment for heterogeneous variances and inclusion of calving year in the model, on the 
milk yield genetic trend of proven and young sires     
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Figure 5  Effect of adjustment for heterogeneous variances and inclusion of calving year in the model, on the 
milk yield genetic trend of cows 
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Conclusions 
Although cow and bull rankings were not influenced much, significant effects for individual animals 

and genetic trends of especially young animals were found. Including a fixed calving year effect and 
adjusting for heterogeneous variances due to days in milk and parity result therefore in more accurate 
estimation of breeding values, especially for young animals. It is recommended that these changes should be 
implemented in the national genetic evaluations of the other dairy breeds, thereby preventing the over- and 
underestimation of individual EBVs. 
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