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IntroductionIntroduction
••Numerous studies (Numerous studies (MeuwissenMeuwissen and Van and Van derder WerfWerf, 1993; Ib, 1993; Ibáñáñez et al., 1999; ez et al., 1999; RekayaRekaya et et 
al., 2000; al., 2000; LLóópezpez--Romero et al., 2003) have reported heterogeneous (HE) genetic, rRomero et al., 2003) have reported heterogeneous (HE) genetic, residual esidual 
and permanent environmental variances for production traits.and permanent environmental variances for production traits.

••Ignoring heterogeneity of variances may affect genetic progress Ignoring heterogeneity of variances may affect genetic progress (Robert(Robert--GraniGraniéé et al., et al., 
1999; Ib1999; Ibáñáñez et al., 1999; ez et al., 1999; RekayaRekaya et al., 2000; et al., 2000; LLóópezpez--Romero et al., 2003).Romero et al., 2003).

••Most studies using TD animal models recommend that HE sources ofMost studies using TD animal models recommend that HE sources of variance should be variance should be 
accounted with especial concern to residual variances (accounted with especial concern to residual variances (RekayaRekaya et al., 2000; et al., 2000; LLóópezpez--Romero Romero 
et al., 2003).et al., 2003).

••LLóópezpez--Romero et al, (2003) studying first lactation TD records with a Romero et al, (2003) studying first lactation TD records with a random random 
regression model, found significant reductions in the residual vregression model, found significant reductions in the residual variances (RV) at the ariances (RV) at the 
beginning and at the end of the lactation when a 5th order polynbeginning and at the end of the lactation when a 5th order polynomial sub model was omial sub model was 
fitted to the permanent environment (PE) component.fitted to the permanent environment (PE) component.

••They concluded that allowing for heterogeneous RV only improves They concluded that allowing for heterogeneous RV only improves the adequacy of the the adequacy of the 
model to the observed or predicted data for models fitting a lowmodel to the observed or predicted data for models fitting a low order to the PE sub order to the PE sub 
model.model.

••The autoregressive testThe autoregressive test--day animal model (ARTD) is a class of TD models where the day animal model (ARTD) is a class of TD models where the 
within animal covariance (PE effects) follows 1st order autoregrwithin animal covariance (PE effects) follows 1st order autoregressive processes and are essive processes and are 
fitted within and across lactations (L) using short (STE) and lofitted within and across lactations (L) using short (STE) and long (LTE) term ng (LTE) term 
environmental effects (environmental effects (CarvalheiraCarvalheira et al., 2002).et al., 2002).

••STE effects are fitted with HE variance for each L and describe STE effects are fitted with HE variance for each L and describe animal correlations animal correlations 
between TD within each L.between TD within each L.

••LTE effect accounts for the animal correlation across L.LTE effect accounts for the animal correlation across L.

••Results from a previous study suggested that the usual assumptioResults from a previous study suggested that the usual assumption of a homogeneous n of a homogeneous 
(HO) residual variance component may not hold ((HO) residual variance component may not hold (CarvalheiraCarvalheira, 2006)., 2006).

ObjectivesObjectives
••To assess heterogeneity of RV across L, 5 random samples of the To assess heterogeneity of RV across L, 5 random samples of the Portuguese Holstein Portuguese Holstein 
milk database were extracted and analyzed by autoregressive testmilk database were extracted and analyzed by autoregressive test--day animal (ARTD) day animal (ARTD) 
models differing on the RV structure (HO vs. HE).models differing on the RV structure (HO vs. HE).

DataData
Table 1Table 1. Characteristics of the data sets. Characteristics of the data sets

8888888888Average TD/AnimalAverage TD/Animal
20,45320,45316,74316,74322,34322,34322,03022,03027,68027,680TD observationsTD observations

2,4412,4412,2542,2542,6562,6562,6442,6443,3293,329Animals w/recordsAnimals w/records
3rd Lactation:3rd Lactation:

9988999988Average TD/AnimalAverage TD/Animal
30,36230,36226,61426,61430,67530,67532,99532,99542,91642,916TD observationsTD observations

3,5133,5133,2663,2663,5813,5813,8683,8685,0985,098Animals w/recordsAnimals w/records
2nd Lactation:2nd Lactation:

9988999999Average TD/AnimalAverage TD/Animal
37,34837,34834,65734,65737,99237,99242,31742,31756,81156,811TD observationsTD observations

4,2574,2574,1894,1894,3564,3564,8434,8436,5426,542Animals w/recordsAnimals w/records
1st Lactation:1st Lactation:

88,16388,16378,01478,01491,01091,01097,34297,342127,407127,407TD observationsTD observations
4,9554,9555,1615,1615,1565,1565,7575,7577,6257,625Animals w/recordsAnimals w/records
9,4089,40810,23910,2399,5099,50910,74310,74313,27013,270No. of AnimalsNo. of Animals
5544332211

SampleSample

The ARTD ModelThe ARTD Model

•• Multiple lactations single trait animal model,Multiple lactations single trait animal model,

•• HTD HTD –– Herd TD,Herd TD,
•• Age Age –– AgeAge at calving,at calving,
•• DIM DIM –– days in milk (30 classes),days in milk (30 classes),
•• a a –– Genetic,Genetic,
•• p p –– LTE, Long term environmental effects, AR(1),LTE, Long term environmental effects, AR(1),
•• t t –– STE, Short term environmental effects, AR(1),STE, Short term environmental effects, AR(1),
•• e e –– residuals, Temporary environmental effects.residuals, Temporary environmental effects.

ijLkmnLmnLmmiLkijiijLkmn etpaDIMAgeHTDy ++++++= ijLkmnLmnLmmiLkijiijLkmn etpaDIMAgeHTDy ++++++=

Results and DiscussionResults and Discussion

Table 3Table 3. (. (Co)varianceCo)variance components (kgcomponents (kg22), autocorrelations and heritabilities), autocorrelations and heritabilities

Homogeneous RVHomogeneous RVHeterogeneous RVHeterogeneous RV
ParameterParameter

Average ComponentsAverage Components

0.1920.1920.1900.190Heritability(L3)Heritability(L3)

0.2110.2110.2090.209Heritability(L2)Heritability(L2)

0.3220.3220.3240.324Heritability(L1)Heritability(L1)

0.8120.8120.8370.837corr(STE3)corr(STE3)

29.51829.51828.86228.862var(STE3)var(STE3)

0.8220.8220.8340.834corr(STE2)corr(STE2)

25.83725.83725.53425.534var(STE2)var(STE2)

0.8230.8230.8050.805corr(STE1)corr(STE1)

12.79312.79312.97012.970var(STE1)var(STE1)

4.9894.989var(e3)var(e3)

4.4484.448var(e2)var(e2)

3.9673.9673.5723.572var(e1)var(e1)

<0.001<0.001<0.001<0.001corr(LTEcorr(LTE))

<0.001<0.001<0.001<0.001var(LTEvar(LTE))

7.9017.9017.9427.942var(Gvar(G))

Table 2Table 2. Likelihood Ratio Tests (Heterogeneous vs. Homogeneous RV). Likelihood Ratio Tests (Heterogeneous vs. Homogeneous RV)

PPLRTLRTSampleSample

< 0.0005< 0.000562.53162.53155

< 0.0005< 0.000537.69137.69144

< 0.0005< 0.0005124.879124.87933

< 0.01< 0.019.5109.51022

< 0.0005< 0.000577.59977.59911

Figure 1Figure 1. First 3 Lactations and Residuals  (Heterogeneous vs. . First 3 Lactations and Residuals  (Heterogeneous vs. 
Homogeneous RV) for a cow chosen at randomHomogeneous RV) for a cow chosen at random
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Figure 2Figure 2. Genetic Progress  (Heterogeneous vs. Homogeneous RV). Genetic Progress  (Heterogeneous vs. Homogeneous RV)
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bbsiressires = 10.2 kg/yr= 10.2 kg/yr

bbdamsdams = 9.7 kg/yr= 9.7 kg/yr

Table 5Table 5. Average Differences  (Heterogeneous vs. Homogeneous RV). Average Differences  (Heterogeneous vs. Homogeneous RV)

< 0.0001< 0.00010.00070.00070.00090.0009337337ACCACC

< 0.0001< 0.00010.00770.0077--0.00210.0021337337PEVPEV

= 0.06= 0.060.03440.0344--0.00030.000353,16953,169EBVEBV

PPSTDSTDMeanMeanNNParameterParameter

Table 4Table 4. Correlations  (Heterogeneous vs. Homogeneous RV). Correlations  (Heterogeneous vs. Homogeneous RV)

--

--

--

0.9990.999

EBVEBV RankRankACCACCPEVPEV

----0.9990.999PEVPEV
HomogeneousHomogeneous

0.9990.999----RankRank

--0.9990.999--ACCACC

------EBVEBV

HeterogeneousHeterogeneous

••Likelihood Ratio Tests indicate a better fit for models with Likelihood Ratio Tests indicate a better fit for models with 
Heterogeneous  RV.Heterogeneous  RV.

••Heritabilities were similar for the 2 models and the range was wHeritabilities were similar for the 2 models and the range was within the ithin the 
ones reported in the literature.ones reported in the literature.

••Residuals in both models never exceeded Residuals in both models never exceeded ±±3 kg.3 kg.

••Genetic progress was similar between models with sires and dams Genetic progress was similar between models with sires and dams having having 
a positive and almost parallel slope.a positive and almost parallel slope.

••Differences between EBV were on average not significant. On the Differences between EBV were on average not significant. On the other other 
hand, differences among PEV and ACC favoured the HE RV model, hand, differences among PEV and ACC favoured the HE RV model, 
implying  greater potential for genetic progress.implying  greater potential for genetic progress.

••Correlations between the animalCorrelations between the animal’’s EBV, PEV, ACC and Rank were high s EBV, PEV, ACC and Rank were high 
suggesting that HE RV will not change the genetic rank of sires suggesting that HE RV will not change the genetic rank of sires and cows.and cows.


