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Abstract

The objective of this study was to estimate the heritability, genetic correlation and estimated breeding
values for age at first (AFC) and second calving (ASC) for Nellore females raised in Southern
Brazil. The (co)variance and estimated breeding values were obtained using Bayesian inference in
a bivariate analysis, adopting an animal model. The average ages were 49.30 and 69.85 months,
and the heritabilities were 0.25 and 0.26, respectively for AFC and ASC. The genetic correlation
between AFC and ASC was 0.88. The correlation between the classifications of sires according to
their estimated breeding values was 0.93. The heritability estimates for AFC and ASC suggest the
possibility of obtaining genetic gain by selection. The correlation between these traits close to one
indicates that they are virtually controlled by the same genes, and the selection for one of them will
promote correlated advanced gain for the other.
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Resumo

Este estudo teve como objetivo estimar os coeficientes de herdabilidade e predizer o valor genético dos
reprodutores para idade ao primeiro (IPP) e ao segundo parto (ISP), além do coeficiente de correlagao
genética entre estas duas caracteristicas, para fémeas da raca Nelore, criadas no sul do Brasil. Os
componentes de (co)variancias, bem como os valores genéticos, foram obtidos por meio de Inferéncia
Bayesiana, em andlise bi-caracteristica, adotando um modelo animal. As médias de idade foram 49,30
e 69,85 meses e os coeficientes de herdabilidade foram 0,25 e 0,26, respectivamente, para IPP e ISP.
A estimativa de correlagdo genética entre IPP e ISP foi 0,88. A correlagdo da classificacdo dos touros,
de acordo com seu valor genético, foi 0,93. As herdabilidades estimadas para IPP e ISP sugerem a
possibilidade de obten¢dao de ganho genético pela sele¢do e a correlagdo entre estas caracteristicas
proximas de um indica que sao controladas por praticamente o mesmo grupo de genes e que a selegao
para uma delas promovera ganho correlacionado para a outra.

Palavras-chave: bovinos de corte; fertilidade; inferéncia Bayesiana; parametros genéticos.
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Introduction

Performance has been widely used as a selection criterion in breeding programs for beef cattle.
However, in the last decade, some traits related to reproductive efficiency have been incorporated
to genetic evaluation programs. Age at first calving is the reproductive trait most widely used to
assess the fertility of females.(” An earlier age at first calving is related to the potential productive
longevity of female, and is directly linked to efficiency and profitability of beef production.”” The
main advantages of calving at an earlier age are shorter time for return on investment, increase in the
reproductive life of the cow, increase in the number of calves and reduction in the number of females
in the herd.®

Genetic gain by selection for sexual precocity is not a simple task, once reproductive traits have low
heritability;* > however, the age at first calving is easier to be measured” and does not imply extra
costs.® Low heritability estimates for age at first calving indicates that this trait is greatly influenced
by environmental conditions. Some producers delay female reproduction by determining an age or
weight in which the female start their reproductive life.® Furthermore, the use of short-term breeding
seasons hinders early identification of sexually precocious females and many environmental factors
are difficult to be considered in the analysis due to the lack of animal science records.® In the search
for sexual precocity in females, several authors have studied the genetic correlation between age at
first calving and other traits.-1?

Among the reproductive traits, calving interval may also be used as a selection criterion. However,
Bourdon & Brinks!"® reported that using this trait for selection might not be an advantage due to
the fact that selection for shorter intervals can induce indirect selection of animals born later in the
calving season, and cows that calved at the end of the breeding season may have shorter intervals
when compared to their counterparts, which calved at the beginning of the breeding season. Therefore,
observing age at second calving can be an alternative to avoid using these animals as breeding stock.
The use of age at first and second calving as a selection criterion is a low-cost procedure because all
that is necessary is to record the date of calving. From the point of view of increasing reproductive
efficiency of the herd, the information age at second delivery is extremely beneficial since it is related
to puberty and female fertility. The objective of the present study was to estimate the heritability,
genetic correlation and estimated breeding values of sires for age at first (AFC) and second calving
(ASC) for Nellore females raised in Southern Brazil.

Material and Methods

This study used 84,338 records of age at first and second calving of Nellore females, daughters of
55,186 dams and 6,241 sires, registered with the Brazilian Association of Zebu Breeders - ABCZ,
raised in the states of Parana, Santa Catarina and Rio Grande do Sul, and born from 1955 to 2010. The
file was edited eliminating records for animals without genealogical information and cows without
information for age at first (AFC) and second (ASC) calving. Contemporary groups (CG) for AFC
(CG1)and ASC (CG2) were created for analyses, gathering females born in the same year, on the same
farm and in the same state. Four birth season (BS) and calving seasons (CS) were established (fall,
winter, spring and summer). The CGs with less than five observations were excluded. Descriptive
statistics of the study population are shown in Table 1.
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Table 1: Number of observations (N), mean, standard deviation (SD) and coefficient of
variation (CV) in months, number of contemporary groups (CG) and minimum and maximum
for age at calving in months

N Mean (months) SD Cv CG Minimum Maximum
AFC 71,101 45.03 11.78 26.17 3,195 21.53 83.99
ASC 56,686 66.06 16.47 24.93 3,624 32.38 119.99

AFC = age at first calving; ASC = age at second calving.

The model used for the data analysis included the fixed effects of CG, BS and CS, and as random the
direct and residual additive genetic effects. The model can be described in matrix form as:

y=Xp+Za+e,

in which: y = vector of observations for each trait (AFC and ASC), X = incidence matrix for fixed
effects (CG1, CG2, BS and CS), B = vector of fixed effects, Z = incidence matrix of the random
additive genetic effect of each animal, a = vector of random additive genetic effects, and € = the vector
of random residual effects.
The (co)variance components used to estimate the heritability and estimated breeding values were
obtained by Bayesian inference, adopting a linear-linear animal model in bivariate analysis. To obtain
estimates of the (co)variance and genetic parameters by Bayesian inference, the GIBBS2F90 and
POSTGIBBSF90"4 programs were used. In the context of Bayesian inference, a priori information
about the parameters is used in association with the sample data by the function of likelihood,
generating a posteriori joint distribution.>'® The full conditional distributions of genetic parameters
were obtained from the function of posteriori densities, i.e. the densities of the parameters, given the
initial observations and information.
Chains of one million iterations without initial discard and without sampling were generated with
GIBBS290 program. A posteriori estimates were obtained using the POSTGIBBS program,¥ from
which the first 100,000 iterations for heating Gibbs chains were discarded (burning), in order to
minimize the effects of the initial values. The discard period was verified by visual inspection of
Gibbs chains, noting that from 100,000 iterations, they went into a constant, indicating the end of
the heating period. The diagnosis of convergence was made using the BOA package!'” available in
the R®”. The convergence of the Markov chain was verified through the criteria of Heidelberger &
Welch®), Geweke®), and Raftery & Lewis®.
To ensure independent samples, a thinning interval of 160 was considered generating a total of 5,625
(co)variance component samples. Subsequently, by using the (co)variance samples, heritability,
genetic correlations and Monte Carlo error were calculated. The Monte Carlo error is the parameter
estimation error by virtue of the number of samples used in Gibbs chain, which is calculated for each
(co)variance component, by dividing this variance by number of samples. Therefore, the square root
of this value is an approximation of the standard deviation of the error associated with the size of
Gibbs chain.
The marginal distributions of the parameters obtained from the integration of a posteriori combined
distribution, which provide the estimators (mean, mode and median) of interest, were calculated using
the program Gibanal.®® The correlations between the ranking of estimated breeding values of bulls
for both traits evaluated (AFC and ASC) were estimated by the Spearman Correlation by SAS.®)
Using the program ACCF90,'¥ the estimated accuracies were obtained through the relationship
between the estimated and the real value of the parameter, which measure the degree of removal of
uncertainty associated with the value of EPD (Expected Progeny Difference) thereby, indicating the
degree of trust in the EPD. The accuracy was obtained by the:
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VEP

2 ¥
0’5

ACCBIF =1—

in which, VEP = variance of the prediction error, obtained from the diagonal of the matrix C,
intermediate matrix of the solving process of the mixed-model equations and ng = true genetic
variance.

This is an alternative formula adopted by the Beef Improvement Federation Guidelines®® from the
formula known as “Real Accuracy”, in which accuracy varies linearly with the number of progeny,
resulting in lower and more conservative values of accuracy then those estimated by Real Accuracy.

Results and Discussion

Average age at first calving (AFC) was higher than those reported by Pereira et al.,*” Dias et al.,®)
Boligon et al.” and Silveira et al.,®® respectively, equal to 35.67, 34.6, 36.21 and 41.83 months for
Nellore females (Table 1). The variation of these averages may be due to different criteria for inclusion
of animals in the evaluation of this trait, such as the upper limit established for AFC. Borba et al.*”
found an age of 54.32 months for the second calving of Canchim dams. The estimated heritability for
AFC (Table 2) was higher than the mean values reported by Pereira et al.,*” Boligon et al.,”® Boligon
et al.) and Laureano et al.,"® which ranged from 0.11 to 0.19, but was very close to the values
reported by Mercadante et al.,®% Gressler et al.®" and Faria et al.,'"’ which varied between 0.27 and
0.28.

Boligon et al.® pointed out that different models and samples cause disparity in the estimates of
genetic parameters for reproductive traits. The trait AFC, for example, is dependent on the reproductive
management adopted in different farms, which determines at which age females are exposed to
reproduction. On the other hand, the effects included in the models, also cause changes in estimates.
Other variables that affect the AFC and which are not always included in the analysis models, such
as weight, body condition score, and feed, were not considered in this study. In assessments for AFC,
only the females that have calved are part of the analysis, and therefore part of the variation in the
trait cannot be estimated. Thus, even using a fairly complete genealogy file, it is not often possible to
obtain the actual genetic variability of the population.

Table 2: Estimates of variance components, heritability and genetic correlations for direct
traits age at first calving (AFC) and age at second calving (ASC) of Nellore females

Parameters Mean Median Mode CR (95%) EMC
a? AFC 28.54 +0.99 28.49 28.51 26.59 —30.46 0.0113
o2 AFC 83.84 £ 0.84 83.95 83.83 82.21 — 85.50 0.0112
aZ ASC 50.07 = 1.89 49.49 50.01 46.40 — 53.80 0.249
o2 ASC 143.49 + 1.57 143.21 143.30 140.30 — 146.60 0.214
h2 AFC 0.25 +0.01 0.25 0.25 0.24 —-0.27 0.0001
h? ASC 0.26 = 0.01 0.26 0.26 0.24 - 0.28 0.0001

Ty 0.88 = 0.01 0.88 0.88 0.86 — 0.90 0.0001

o2 = genetic variance; o# = environmental variance; h? = direct heritability; 7y = genetic correlation
between AFC e ASC; CR (95%) = credibility region; and EMC = Monte Carlo error.

According to Mercadante,®” the reproduction traits normally recorded on the field include only
females considered to be fertile. Thus, the samples are usually biased, which may contribute to mask
the variability of the traits and genetic differences among animals. An alternative to minimize this
problem would be to consider all females that were exposed to bulls or had the opportunity to conceive.
The heritability estimate for ASC (Table 2) was higher than those reported by Gressler et al.®" for
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Nellore females and Baldi et al.®? and Borba et al.®®, for Canchim cattle. The limited information
available suggests that ASC presents variable heritability, although of lesser magnitude when
compared to AFC, disagreeing with the values estimated in this study, suggesting the need for more
studies on this parameter. However, the heritability found for AFC and ASC suggest that selection
can be done for any feature.

The genetic correlation between ASC and AFC (Table 2) suggests most of the genes responsible
for the expression of one of the traits are also responsible for the expression of the other, promoting
correlated genetic gains. Thus, it is expected that if AFC is reduced, ASC will be reduced as well
given the proper environmental conditions.

The Spearman correlation, considering the bulls contained in the database, was of high magnitude
and significant level of p < 0.001. In Figure 1, the points circled in the lower diagonal identify sires
that, although they are not among the first 1,000 to AFC, appear among the best for ASC; the best
sires for AFC but not for ASC are plotted diagonally above. Therefore, when one of these sires is
used in a program that aims to reduce the age at first calving, genetic progress may not occur for age
at second calving. If this difference in classification, however small, is neglected, it may result in the
inappropriate choice of sires. The use of selection index may be an alternative to penalizing sires
which, although may have good genetic value for AFC, are slower to reach ASC.

7000 2 =0,93
p=<0,0001

Classitication of EBV for ASC

0 1000 2000 3000 4000 5000 7000
Classification of EBV for AFC

Figure 1: Dispersion diagram of estimated breeding values (EBV) classification for age at
first (AFC) and at second (ASC) calving traits and the Spearman correlation coefficient (r%)
for the 5.832 Nellore sires.

Table 3: Classification of the first 10 sires according to estimated breeding values for age at
first calving (AFC) and age at second calving (ASC) in bivariate analysis for Nellore cattle
AFC ACC AFC ASC ACC_ASC ASC ACC_ASC AFC ACC_AFC

st 0.4731 Ist 0.4402 Ist 0.4402 Ist 0.4731
2nd 0.4745 10th 0.4325 2nd 0.4317 3rd 0.4826
3 0.4826 2nd 0.4317 3rd 0.2196 ot 0.2664
4 0.5466 7t 0.3653 4 0.2435 27% 0.2525
5t 0.4448 15t 0.2791 b 0.4926 11t 0.5189
6" 0.3209 gt 0.2522 6" 0.2915 7h 0.3488
7 0.3488 ot 0.2915 7 0.3653 4t 0.5466
8 0.3243 37 0.2742 8 0.2522 ot 0.3209
g 0.2664 3rd 0.2196 g 0.2083 129t 0.2753
10 0.3147 21st 0.2555 10 0.4325 2nd 0.4745

ACC_AFC = accuracy for age at first calving; ACC_ASC = accuracy for age at second

Cienc. anim. bras., Goiania, v.16, n.4, p. 474-480 out./dez. 2015



Components of (co)variance for age at first and second... 479

Sires best rated for ASC, but not for AFC probably have a lower calving interval. Several genetic and
non-genetic factors can increase or decrease this period. It is difficult to separate these effects, since
the recording of information which may affect this trait is not carried out in most farms, especially in
extensive breeding. When only the first ten sires are considered, there is practically no change in the
classification (Table 3). The best sire for AFC is also the best for ASC and minor changes occurred in
the other positions.

Conclusions

The age at first and second calving may be included in breeding programs, and should respond quickly
to selection. The selection for age at first calving promotes genetic changes, in the same direction, for
the age at second calving, and the use of these as selection criteria may produce genetic gain in the
sexual precocity of females. Top rated sires for age at first calving are generally well classified for age
at second calving.
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