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ABSTRACT - The objective of this study was to estimate heritability and verify the genetic correlations between heifers
subsequent rebreeding with weaning hip height (WHH) and yearling hip height (YHH), using Bayesian inference. The
(co)variance components and genetic parameters were estimated using an animal nonlinear (threshold) model for subsequent
rebreeding and an animal linear model for WHH and YHH. The animal model included the contemporary group as the systematic
effect and direct additive genetic and residual effects as random effects. Genetic maternal and maternal permanent environment
effects were also considered in the model for WHH. Covariables considered were: rest period (linear effect), for subsequent
rebreeding; animal age at measurement and age of cow at calving (linear and quadratic effects), for WHH and YHH. Direct
heritability estimates were 0.14±0.04, 0.45±0.03 and 0.51±0.02 for subsequent rebreeding, WHH and YHH, respectively. For
maternal effects, the heritability of WHH and the proportion attributed to the permanent environmental effect were
0.08±0.02 and 0.04, respectively. The posterior means of genetic correlations estimates between subsequent rebreeding with
WHH and YHH were -0.16±0.05 and -0.21±0.04, respectively. Selection response for subsequent rebreeding of heifers would
be low. Increase in the rate of subsequent rebreeding could be obtained with improvements in the management applied to heifers.
The inclusion of hip height in selection indices, especially when measured at yearling, promotes small reduction in the rate
of subsequent rebreeding of Nellore heifers.
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Introduction

The reproductive performance of beef cattle has
received great emphasis in recent years, mainly because the
reproductive traits affect the profitability and productivity
of herds (Formigoni et al., 2005; Phocas et al., 1998). In beef
cattle females, many fertility and reproductive efficiency
indicative traits are categorical and have low heritabilitiy,
and are not widely used in Brazilian breeding programs.

Although few studies have investigated heifer
subsequent rebreeding in Zebu breeds, this trait can be
considered an important point to be explored in beef cattle
rearing systems. For Nellore cattle, Mercadante et al. (2003)
reported difference of 20% between heifer subsequent
rebreeding including all the females in relation to using only
the primiparous females. Thus, the increase in heifer
subsequent rebreeding rate can have a relevant impact on
improving the livestock economic efficiency, since beef
cows only generate income through direct sale of calves or
when sold for slaughter.

The rebreeding of heifers is a binary trait and is defined
as 1 (success) for heifers that conceive in the following

breeding season and 0 (failure) for heifers that do not
conceive, which enables the inclusion of information from
all females in the analysis. Silva et al. (2008) reported
heritability of 0.16 for subsequent rebreeding in Nellore
heifers. Similarly, Doyle et al. (2000) obtained a heritability
of 0.19 for subsequent rebreeding of Angus heifers.

Selection for higher weight or weight gains may result,
by correlated response, in increase in adult weight and
size of the animals (Boligon et al., 2009; Pereira et al., 2010;
Boligon et al., 2011), which can increase the maintenance
requirements. Thus, in primiparous females, the substantial
physiological demands as a result of lactation and growth
can cause a reduction in conception rates. However, in the
literature, no studies found associating subsequent rebreeding
of heifers and size indicator traits, such as hip height.

This study was conducted with the objective to estimate
heritability for subsequent rebreeding of heifers and weaning
hip height and yearling hip height of males and females using
Bayesian inference, and to determine possible associations
of subsequent rebreeding of heifers with weaning hip height
and yearling hip height in Nellore cattle, in order to provide
support for a genetic evaluation program on this breed.
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Material and Methods

Records from Nellore animals born between 1990 and
2006, belonging to Agropecuária Jacarezinho Ltda, located
at the northwestern region of São Paulo State, Brazil, were
analyzed. In the reproductive management adopted on the
property, two breeding seasons occur: an anticipated
breeding season, in which all heifers at about 15 and 16
months of age are exposed to reproduction, irrespective of
body weight and body condition score, in order to identify
sexual precociousness animals; and the normal breeding
season, in which all the cows and non-pregnant heifers are
exposed to sires. Heifers that did not become pregnant in
the anticipated breeding season have a second chance in
the normal breeding season. The females that do not conceive
in the normal breeding season are discarded.

Pregnancy of the heifers is evaluated by rectal palpation
approximately 60 days after the end of the anticipated
breeding season. The following criteria are used to exclude
females from the herd: failure to become pregnant in
anticipate and normal breeding season, consecutively;
cows that do not conceive within one year; low progeny
performance; and a small percentage for health reasons.

Subsequent rebreeding was defined as a threshold
trait, attributing a value of 1 (success) or 0 (failure) to heifers
that had calved or not, respectively, given that they had
calved once before. To perform the analysis, 1 (one) was
added to these scores, i.e., 1 became failure and 2, success.
The limiting date for rebreeding was 42 months of age.

Weaning and yearling hip height (WHH and YHH,
respectively), were obtained in males and females weighing,
using a height measuring stick midway-between the
hipbones, at a point between the last lumbar and the first
sacral vertebrae, immediately before the sacral bone, and
thereon to the floor, expressed in centimeters (cm).
Hip-height measurements only began to be applied from
the year 2003 on.

For subsequent rebreeding, the contemporary group
was defined as for herd and cow year of birth, calf sex and
year of first calving. For WHH, the contemporary group
consisted of the herd, year and season of birth, management

group at birth and at weaning and sex. For YHH, the
management group at yearling in a contemporary group is
also included. Hip height records that were outside the
range given by the contemporary group mean plus or
minus three standard deviations and contemporary groups
with less than four observations, were removed. For
subsequent rebreeding, the contemporary groups without
variation, i.e., all animals with the same value for the trait,
1 or 2, were discarded (Table 1).

The (co)variance components and genetic parameters
were estimated using Bayesian inference, considering a
nonlinear linear animal model (threshold) for subsequent
rebreeding and a linear animal model WHH and YHH, using
the THRGIBBSF90 program (Misztal, 2002), in three-trait
analysis. The model used can be described as follows:
y = Xβ + Z1a + Z2m + Z3c + e

where y is the vector of observed traits (subsequent
rebreeding, weaning and yearling hip height); β is the
vector of systematic effects; a is the vector of direct additive
genetic effects; m is the vector of maternal genetic effects;
c is the vector of maternal permanent environmental effects;
X is the incidence matrix for systematic effects (associate
the β vector to the y vector), Z1 is the incidence matrix of
random additive genetic effects (associate the a vector to
the y vector), Z2 is the incidence matrix of random maternal
genetic effects (associate the m vector to the y vector),
Z3 is the incidence matrix of random maternal permanent
environmental effects (associate the c vector to the y
vector); and e is the vector of residual effects. It was
assumed that the direct additive genetic, maternal genetic
and maternal permanent environmental effects were not
correlated with the residual effect. Maternal genetic and
maternal permanent environmental effects were only
included in the model for WHH.

In the model, the following assumptions are
established:

Var

�
�
�
�

�

�

�
�
�
�

�

�

e

c

m

a

=

�
�
�
�

�

�

�
�
�
�

�

�

�

�

��

��

N

Nm

IR

IC

AMAamCov

AmaCovAG

000

000

00),(

00),(

Subsequent rebreeding Weaning hip height Yearling hip height

Observation number 15,091 13,102 12,987
Mean±standard deviation 0.73±0.461 116.04±4.412 136.21±5.512

Number of dams 10,782 9,890 8,719
Number of sires 3 3 4 1 9 0 1 8 7
Number of contemporary groups 81 2 0 4 3 1 1
1 Measurement in percentage.
2 Measurement in centimeters.

Table 1 - Description of the data file analyzed
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where G is the (co)variance matrix of the direct additive
genetic effect; ⊗  denotes the direct product between
matrices; A is the matrix of the numerators of the Wright
relationship coefficients between individuals; M is the
(co)variance matrix of the maternal genetic effect; C is the
(co)variance matrix of the maternal permanent environmental
effect; I is an identity matrix; R is the (co)variance matrix
of the residual effect; Nm is the number of dams of animals
with records, and N is the number of animals with records.

The vectors β, a, m and c are location parameters of the
conditional distribution y | β, a, m, c. A priori was assumed
to be a uniform distribution of β, which reflects a vague
prior knowledge about this vector. For the (co)variance
components of random effects, inverted Wishart distributions
were defined as a priori. Thus, for continuous traits (WHH
and YHH), the distribution of y, given the parameters of
location and scale, was assumed as:
(y | β, a, m, c, R) ~ N [Xβ + Z1a + Z2m + Z3c, INR]

The subsequent rebreeding is a threshold trait and,
according to Falconer & Mackay (1996), the understanding
of the inheritance of such traits lies in the idea that the trait
has an underlying continuity with a threshold which imposes
a discontinuity on the visible expression of the trait.
Therefore, it is assumed that the underlying distribution
(ISR) is determined by:
ISR ~ N(Xβ + Z1a, Iσe

2)
The initial distributions for direct additive genetic and

residual effects followed multivariate normal distributions:
P(a|σ2

a) ~ N (0, A⊗Σa)
P(e|σ2

e) ~ N (0, I⊗Σe)
Since the variable in the underlying distribution is not

observable, the assumption of σ2
e = 1 is generally adopted

in order to obtain identifiability in the likelihood function
(Gianola & Sorensen, 2002). According to Gianola &
Foulley (1983), after definition of the model parameters,
the connection between categorical and continuous scales
can be established in such a way that the probability of an
observation belonging to the first category is proportional to:
P(yr = 1|t, θ) = P(Ir < t | t,θ) = φ ((t - Wr

’ θ)/σe)
where yr is the response variable for the rth observation,
assuming a value of 1 or 2 if the observation belongs to the
first or second category, respectively; t is the threshold;
since this value cannot be estimated, an arbitrary value is
attributed; Ir is the value of the underlying variable for the
observation mentioned; φ () is the cumulative distribution
function of a normal standard variable; Wr

’ is the incidence
column vector that relates φ  to the rth observation; φ  = (b’, a’)
is the vector of location parameters of order s with b
(systematic effects) and a (random effects).

In this study, the threshold-linear model can be
represented as (Varona et al., 1999):

where R is a 3 × 3 residual (co)variances matrix.
For subsequent rebreeding, the animal model included,

as systematic effects, the contemporary group and linear
effect of the rest period (number of days after calving until
the beginning of the second breeding season), as a
covariate; in addition to direct additive genetic and residual,
as random effects. For WHH and YHH, the systematic
effects were: contemporary group and animal age at
measurement (linear and quadratic effects) and age of cow
at calving (linear and quadratic effects) as covariates; in
addition to direct additive genetic and residual, as random
effects. Maternal additive genetic and permanent
environmental effects also were considered as random
effects for WHH.

A total of 1,100,000-gibb sampling were generated.
Burn-in period of 200,000 iterations with samples taken
each 20 cycles were considered to obtain the herdabilities
and correlations posterior distributions. The burn-in period
and the sampling interval were established empirically. The
convergence was verified through graphical inspection
(trace-plots) of the sampled values versus iterations and
using the criteria proposed by Geweke (1992). In the Geweke
test, initial values of the Markov chain are compared with
final values of the chain in order to detect convergence
failures. Rejection of the null hypothesis indicates
convergence. Thus, probabilities lower than 0.05 indicate
the existence of evidence against the convergence of chains.

Results and Discussion

For all parameters estimated, the results indicated that
the burn-in period considered was sufficient to reach
convergence (Table 2). The heritability estimated showed
little difference in mean, median and mode values, indicating
a possible symmetry in the posterior distributions of the
parameters. Moreover, convergence was achieved with
low standard deviation and a relatively short 95% highest
posterior density interval.

The heritability estimated, given by the posterior
mean, obtained for heifers subsequent rebreeding was
low, indicating that this trait is strongly influenced by
environmental factors. However, although improvements
in animal management are faster alternatives to reduce the
expression of this trait, long-term selective processes should
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have a positive impact on cattle productivity, because even
small increases in conception rates of heifers should
contribute to improvements in reproductive efficiency in
beef cattle.

For subsequent rebreeding trait of heifers, the posterior
mean value of heritability obtained in this study (0.14±0.04)
was similar to the value of 0.16 reported by Silva et al. (2008)
for Nellore females sexually precocious using Bayesian
inference. Mercadante et al. (2003) estimated heritability of
0.10±0.07 for subsequent rebreeding of Nellore heifers at 3
years of age using a threshold animal model.

Using part of the same dataset analyzed in the present
study, Pereira (2008) related mean heritability values of
0.15±0.04 and 0.05±0.02 for subsequent rebreeding rate of
females exposed at 24 months of age (normal breeding
season) and when including all females (exposed at 16 and
24 months of age), respectively. According to the same
author, the inclusion of data from sexually precocious
animals reduced genetic variability and consequently, the
estimated heritability.

Using a nonlinear model implemented by the R method,
Doyle et al. (2000) reported heritability of 0.19 for rebreeding
rate in Angus heifers. However, these authors suggested
caution using these results, since half the subsample
estimates were outside the parameter space (with credibility
interval of 95% ranging from 0.000 to 0.395). On the other
hand, using the same methodology (Method R), Pereira (2008)
estimated heritability of 0.05, 0.07 and 0.01 for subsequent
rebreeding in Nellore heifers exposed at 24 months of age
(normal breeding season), 16 months of age (anticipated
breeding season) and considering all the females, respectively.

The direct heritability values estimated for weaning hip
height and yearling hip height were moderate (Table 2),
indicating that a substantial part of the variation in these
traits is determined by the additive action of genes and that
these traits should respond to selection. Thus, the selection
of animals with null genetic values   (close to zero) for hip
height at weaning and/or at yearling should be used in
production systems in which medium size animals are
desirable.

The posterior mean of direct heritability for hip height
obtained in this study is close to those reported in the
literature for Nelore cattle (Yokoo et al., 2007; Pereira et al.,
2010). On the other hand, for the Brahman breed animals,
Vargas et al. (2000) reported higher values of direct
heritability for weaning hip height and yearling hip height,
with values   of 0.73 and 0.87, respectively.

With respect to maternal effects for hip height at
weaning, the posterior mean of heritability estimates and
the posterior mean attributed to the permanent environmental
effect showed low magnitude, with values   of 0.08±0.02 and
0.04, respectively. For Brahman cattle, Vargas et al. (2000)
reported maternal heritability of 0.10 for weaning hip
height.

The posterior means of genetic correlations between
heifers subsequent rebreeding and weaning hip height and
yearling hip height were negative (Table 3). These results
indicate that animals with higher hip height, especially
when measured at yearling, have less capacity to conceive
in the following breeding season. Thus, the inclusion of hip
height in beef cattle selection indexes may promote, in a
long term, lower subsequent rebreeding rates of primiparous
Nellore females.

It should be noted that studies describing estimates of
genetic correlations between subsequent rebreeding and
hip height of heifers were not found in the literature.
However, recent studies have shown negative genetic
correlation and with high magnitude between subsequent
rebreeding of heifers and yearling weight, i.e., -0.66±0.05
(Pereira, 2008). According to Pereira et al. (2010) and Boligon
et al. (2011), selection for higher weights or weight gains can
lead to selection of animals with greater stature and size,
which can be more demanding in terms of nutrition.

The subsequent rebreeding is a trait measured relatively
late, expressed in only one sex, and showing low heritability
(Table 2). Thus, selection only for this trait may not be a
good alternative for improvements in reproductive
performance of beef cattle. In this context, improvements in
the fertility of beef cattle raised in Brazil could be obtained
considering the subsequent rebreeding rate of females in

Parameters Subsequent rebreeding Weaning hip height Yearling hip height

Mean±standard deviation 0.14±0.04 0.45±0.03 0.51±0.02
Mode 0.14 0.44 0.51
Median 0.15 0.45 0.52
Highest posterior density interval (95%) 0.09 to 0.19 0.39 to 0.50 0.44 to 0.56
Probability1 0.492 0.604 0.671
1 Geweke convergence test. If significant, (P<0.05) indicates non-convergence.

Table 2 - Descriptive statistics of posterior distributions from direct heritability for subsequent rebreeding, weaning and yearling hip
height in Nellore cattle
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the selection indices, along with other traits that are already
being used as selection criteria, as weights obtained at
young ages, carcass traits and scrotal circumference.

Conclusions

Small genetic gains with the inclusion of rebreeding of
steers in selection programs are expected. Increase in the
rate of subsequent rebreeding could be obtained with
improvements in the management applied to heifers. The
inclusion of hip height in the selection indices, especially
when measured at yearling, results in small reduction in the
rate of subsequent rebreeding of Nellore heifers.
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