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SUMMARY

The aim of the study was to examine the use of different effects in models for estimating
gestation length in dairy cows in order to determine which effects result in the most accurate
assessment. The analysis was conducted on a database of over 2,5 million Polish Holstein-
Friesian cows subject to use value assessment in Poland that calved between 2005 and 2010.
Nine mixed linear models were analysed. Analysis of variance was performed for each model.
The Akaike Information Criterion and Bayesian Information Criterion were calculated for
each model. The model which takes into account two random effects, sire and herd, obtained
the highest score for the feature of gestation length in the population. Analysis of various
models confirms that the model should be adapted to a given population, and that its usefulness
must be verified.
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INRODUCTION

Farmers and researchers are often faced with the choice of an appropriate mathematical model
for data analysis. Existing computational systems make it possible to gather such large datasets that
the model can be chosen from a wide range of possibilities. It is essential to choose the best model
and a dataset of sufficient size to ensure the accuracy of the results. Authors usually use ‘typical’
models, even when they possess additional information that could be included (R6nnegéard end Lee,
2013). On the other hand, many studies indicate that increasing the number of effects included in
models does not necessarily improve the accuracy of the assessment (Donoghue et al., 2004;
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et al., 2004; Sun et al., 2010).

Gestation length is a very important parameter, particularly in the context of animal welfare and
production economics. More accurate prediction of the date of parturition can help dairy producers
to meet the needs of pregnant cows and provide better health care during this high-risk stage of life
(Norman et al., 2009). It can also help dairy farmers to achieve the targeted dry period length and
meet the nutritional needs of cows during late pregnancy and calving, which can minimize the risk
of metabolic diseases (Tomasek et al., 2017). Cows treated in a manner appropriate to their
physiological state, i.e. pregnancy, are less likely to suffer from postpartum complications, which is
subsequently reflected positively in their milk production and subsequent calving.

Gestation length is affected by multiple factors, including the age of the cow, production volume,
the number, weight, and sex of the calves, the month of conception, and the season of calving
(Tomasek et al., 2017; Hansen et al., 2004; Jenkins et al., 2016; King et al., 1985; Kheirandish et al.,
2014; Rezac et al., 2013; Silva et al., 1992) Some studies indicate that gestation length is a highly
heritable trait (Hansen et al., 2004; Winkelman et al., 2001) and that it significantly affects milk
production and fertility parameters (Jenkins et al., 2016).

Although gestation length is not taken into account in selection programmes, there is no question
that it has a major effect on the economics of dairy farm production. For this reason, accurate
assessment of this trait for the cattle population in a given country, taking into account the climate
zone, is very important.

The main goal of this work is to identify the best model for estimation of a trait, which includes
all relevant information that could improve the assessment. The research focuses on the influence of
various effects on the accuracy of the assessment. The model that results in the most accurate
assessment is the basis for determining the heritability coefficient of gestation length in dairy cows.

MATERIAL AND METHODS

The research was based on data concerning over 2,5 million Polish Black-and-White Holstein-
Friesian (HO) dairy cows subject to use value assessment in Poland. The dataset includes cows that
gave birth during the years 2005-2010. The feature analysed was gestation length. As the first step
of the analysis, data that included missing values were excluded from further analysis. Next, the
dataset was filtered to exclude records with gestation length lower than 254 days or higher than 297
days. Finally, only records in which the bulls had sired at least 1000 calves were used for the analysis.
The criteria resulted in a dataset of calves (158,783 males and 332,553 females) sired by a large
number of bulls.

Linear mixed models were used in the study. Since only some of the bulls were included, the
effect of the father was considered random. Similarly, the herd was also considered a random effect.
The feature ‘HYS’ (herd-year-season of calf birth) is considered in two versions: as one effect or as
the three separate effects of year, herd and season. The model included the following as fixed effects:
year (R), season (SE — summer, i.e. 1 April to 30 September; winter, i.e. 1 October to 30 March),
lactation number (L), gender (G) and difference in weight (B).

The following models were analysed:

model_herd year season: Yiikimno = i + Lj + Gy + Bi+o0,+ Ry + SE,
model herd_season: Yiikino = si + Lj + G + By + 0o, + SE,

model herd_year: Yiikimn = si + Lj + G + B+ o, + Ry,
model_herd: Yiikin = si + Lj + G + By + o0,
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model2: Yijkw = si + Lj + Gy + B, + hys,
model year season: Yijkimo = si + Lj + G + B+ Ry, + SE,
model_season: Yiikio = i + Lj + G + B+ SE,
model_year: Yiikim = si + Lj + G + B+ Ry,
modell: Yijkl = Si + Lj + Gk + Bla

where:

Yijk1 is the gestation length;

s; is the random effect of the i bull;

L; is the fixed effect of the j lactation number, j = 1,...,11;

Gy is the fixed effect of the calf’s gender, k = 1,2;

B, is the fixed effect of the weight of the I calf / = 1, 2 (for twin calves the average is used);
0y, is the random effect of the n™ herd;

Ry, is the fixed effect of the m™ year, m = 1, 2, 3, 4, 5 (2005, ..., 2009);

SE, is the fixed effect of the o season of calf birth, 0 = 1, 2;

hysy, is the random effect of the p™ herd-year-season class.

Analysis of variance (ANOVA) was performed for each model, and then the Akaike Information
Criterion (AIC) (Akaike, 1974) and Bayesian Information Criterion (BIC) (Schwarz, 1978) were
calculated for each model. The criteria were used to compare the models. The lower the value of the
AIC or BIC coefficient, the more suitable the model. The results are ordered according to the values
of the AIC and BIC coefficients.

The following phenotype variance (633) parameter was derived from the estimated variance
components:

0} =0¢ + 0l + 2,

where g is the variance of the bull effect, 02 is the variance of the herd effect, and o2 is the
residual variance. Using this parameter, the coefficients of heritability (hZ) can be calculated as

follows: 2
h2 — 463/
s o2
All calculations were performed in R platform 3.2.0 (R Core Team, 2015) using the packages
Ime4 (Bates et al., 2014), data.table (Dowle et al., 2014) and dplyr (Wickham and Francois, 2015).

RESULTS AND DISCUSSION

For the 9 models presented in the previous section, the method of maximum likelihood was used
to evaluate the AIC and BIC coefficients. In addition, p-values were calculated based on ANOVA
for contiguous models from Table 1. For example, for models 7 (Y =s + L+ G+ B +SE) and 6 (Y
=s+ L+ G+B+R+SE) we obtained a p-value < 0,001. This value indicates a significant difference
between model 7 and model 6 directly above it in Table 1.

Table 1 shows that model Y =s + L + G + B + o + R + SE resulted in the lowest AIC and BIC
values for the feature of gestation length in the analysed population. The other models yielded higher
AIC and BIC values. This analysis confirms the need to verify the model and make a decision based
on the fit of the model.
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Table 1

AIC and BIC coefficients for assessment of model accuracy

No. Model AIC BIC p-value
1 Y=s+L+G+B+0+R+SE 3038697 3038830 -
2 Y=s+L+G+B+0+SE 3038791 3038880 < 0,001
3 Y=s+L+G+B+o+R 3040961 3041083 NS
4 Y=s+L+G+B+o 3041047 3041125 <0,001
5 Y=s+L+G+B+hys 3047988 3048066 NS
6 Y=s+L+G+B+R+SE 3057141 3057286 NS
7 Y=s+L+G+B+SE 3057319 3057419 < 0,001
8 Y=s+L+G+B+R 3059306 3059417 NS
9 Y=s+L+G+B 3059472 3059538 <0,001

NS — non-significant

Since the BLUP (best linear unbiased prediction) method was introduced for cattle evaluation,
many farmers have been uncertain whether the HYS effect should be random or fixed. Henderson
(1975) suggested that herd-year-season should be treated as a fixed effect in the populations included
in the selection process. Chauhan (1987), however, indicated that the model is more effective when
HYS is a random effect. Sobek (1989), to calculate the breeding value of bulls based on the BLUP
method, applied two models, with HYS treated as a fixed effect in the first model and as a random
effect in the second. Calculated rank correlations obtained for the breeding values indicate that the
type of effect influenced the accuracy of the assessment.

Mintysaari and Méntysaari (2015) also used the AIC and BIC coefficients to evaluate the
accuracy of models with random and fixed effects (mixed model). Norman et al. (2009) assessed the
heritability of gestation length using a model in which the fixed effect of herd-year and the fixed
effect of the season were used separately.

For the best model of the formY =s+L + G+ B + o + R + SE, the variances of the random
effects are as follows:

02 =5364;02 = 2463 and o =27.376
Based on these calculations, the coefficient of heritability is h% = 0,152. The characteristics of the
fixed effects are included in Tables 2 and 3. The intercept estimate was calculated for male calves in
2005. The values presented in Table 2 show how the gestation length changes when the variable in
increased by one unit (L and B variables) or is changed to different level (G for females, R2006 for
20006 year, R2007 for 20007 year, R2008 for 20008 year, R2009 for 20009).
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Table 2

Fixed effects used in the best model

Estimate Std. Error Estimate Std. Error
(Intercept) 280,087 0,1639 R2007 0,085 0,0315
L 0,109 0,0041 R2008 0,182 0,0355
G -1,037 0,0173 R2009 0,341 0,0397
B 0,139 0,0021 SE 0,733 0,0154
R2006 -0,016 0,0284

Table 3

Correlations of fixed effects

(Intercept) L G B R2006 R2007 R2008  R2009
L -0,086
G 0,081 0,002
B 0,003 -0,107 0,142

R2006  -0,112 0,009 0,021  -0,038

R2007  -0,124 0,024 0,012  -0,050 0,642

R2008  -0,132 0023 0,007 -0,053 0562 0,652

R2009  -0,125 0022 0,004  -0,0600 0477 0,555 0,705

SE 0,049 0013 0,000 -0,008 0001 0005 0016 0,008

The heritability coefficient of gestation length for the Polish Holstein-Friesian cow population,
calculated in the present study according to the best fitted linear model, is low, at 0,152. Nogalski
and Piwczynski (2008) adopted a model including the fixed effect of the herd and random effect of
the season and obtained a somewhat higher heritability coefficient for estimate gestation length in
PHF cows, ranging from 0,201 to 0,210. The same authors obtained much lower values, from 0,054
to 0,073, when their estimation took into account indirect maternal effects. Johanson et al. (2011)
obtained gestation length heritability of 0,51 for the Holstein-Friesian breed. Crevs (2006) reported
high heritability coefficients for Charolais cattle, ranging from 0,61 to 0,64, estimated according to
four different models. Cervantes et al. (2009), in a study on cattle of the meat breed Asturiana de los
Valles, obtained gestation length heritability coefficients of 0,325 + 0,022; 0,331 + 0,026 and 0,226
+ 0,018; while Oyama et al. (2002) reported a coefficient of 0,4 for Japanese Black cows.

Similar estimates of heritability coefficients of gestation length were obtained in the 1960s by
DeFries (1959) for five dairy cattle breeds in the United States, ranging from 0,420 to 0,474;
depending on the method.
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The value of the heritability coefficient is somewhat different from those reported in the

literature, which may be explained in part by the population size and the choice of model best fitted
to the data.

CONCLUSIONS

The proposed analysis using AIC and BIC criteria showed significant differences between several

of the models considered in the study. The authors concluded that the best model, with significantly
lower AIC and BIC values than the others, includes two random effects: bull effect and herd effect.
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