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a b s t r a c t

Genetic parameters for hip height (HH), finishing precocity score (PRE), muscling score

(MUS), bone score (BONE), and probability of pregnancy at 14 months (HP) were

estimated using records of 121,086 Nelore animals born between 1984 and 2008 on

12 farms from three Brazilian states. The Bayesian linear-threshold analysis via the Gibbs

sampler was used to estimate the (co)variance components applying a multi-trait animal

model. Posterior mean estimates of heritability for HH, PRE, MUS, BONE, and HP were

0.36, 0.26, 0.26, 0.26, and 0.50, respectively. Therefore, the genetic improvement of these

traits is possible. The genetic correlations between all traits studied were of low to high

magnitude. High genetic correlations were observed between visual scores (0.85 and

0.99). Therefore, the simultaneous inclusion of PRE, MUS and BONE in a selection index

does not seem to be necessary for the present population. The genetic correlation of HP

with HH and visual scores ranged from �0.06 to 0.25, indicating that selection for traits

related to body structure and conformation has little or no effect on HP.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Intensive selection for growth traits has been used in
different beef cattle breeding programs. As a consequence
of the growing market requirements for high-quality
meat, traits related to body conformation of the animals
have received increasing attention on the part of breeders.
Body conformation scores are used as selection criteria
to infer carcass quality (Shiotsuki et al., 2009). The most
widely used body conformation scores are finishing
precocity, conformation, and muscling. These scores are

easily obtained by trained examiners. In addition, they
show moderate heritability and should therefore respond
satisfactorily to selection (Van Melis et al., 2003).

In Brazil, beef cattle farming systems are based mainly
on extensive pastures. As a consequence, the animals
need to possess an adequate bone structure with suffi-
ciently strong legs that guarantee support of their own
weight. In this respect, evaluation of the bone structure of
beef cattle may have benefits for the production system
since it permits to obtain by selection animals that move
around easily and can get their food efficiently.

Reproductive traits are also important for the produc-
tion system, especially for Zebu animals reared in a
tropical area (Eler et al., 2002). One reproductive trait
commonly used as a selection criterion is the probability
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of pregnancy at 14 months. This trait presents high herit-
ability, is favorably related to growth traits, and is easily
measured (Silva et al., 2003; Eler et al., 2004). Formigoni
et al. (2005) evaluating the economic value of the prob-
ability of pregnancy at 14 months, found that selection for
this trait will contribute to reduce production costs.

The current scenario of beef production requires efficient
improvement of both reproductive traits and body struc-
ture- and carcass-related traits. Studies investigating the
genetic association between body structure and reproduc-
tive traits in Nelore cattle are scarce. Therefore, the objective
of the present investigation was to estimate genetic associa-
tions between hip height (HH), finishing precocity score
(PRE), muscling score (MUS), bone score (BONE), and prob-
ability of pregnancy at 14 months (HP) in Nelore cattle.

2. Material and methods

2.1. Data and cattle management

Data from the Genetic Breeding Program of Agro-
Pecuária CFM Ltda. that have been stored and analyzed
since 1994 by the Animal Breeding and Biotechnology
Group, College of Animal Science and Food Engineering,
Pirassununga, State of S~ao Paulo, were used in this study.

The complete pedigree included 167,854 animals (up
to eight generations) born between 1984 and 2008 on 12
farms located in the states of Mato Grosso do Sul, S~ao
Paulo, and Bahia. The farms included in this study belong
to the same company, which uses standard basic proce-
dures of data collection and storage. The animals were
kept on high quality pasture (40% Brachiaria brizantha,
50% Panicum maximum, and 10% others) and received only
salt and mineral supplementation. Calves born between
the end of August and December remained with their
dams on high-quality pasture up to 7 months of age. The
breeding season ranged from November to January for

cows and from October to January for heifers. The females
were placed randomly in lots with a group of bulls or in
some cases in lots with a single bull. The cow-to-bull ratio
was about 35:1. About 60 days after the end of the
breeding season, heifers (approximately 14 months of age)
were evaluated by rectal palpation or ultrasound for the
diagnosis of pregnancy. The heifer pregnancy/probability of
pregnancy at 14 months (HP) was analyzed as a categorical
trait, with a value of 1 (success) assigned to heifers that
were diagnosed pregnant and a value of 0 (failure) assigned
to those that were not pregnant at that time.

The HH was measured using a metric tape and corre-
sponds to the distance (in cm) from the ground to hip. The
PRE is a measure of the ability of the animal to store fat
reserves and is used to identify animals that will deposit
finishing fat earlier. This variable was obtained by attri-
buting visual scores ranging from 1 to 6, with a score of 6
indicating animals with greater fat reserves. The MUS
takes into account the muscle mass of the animal. This
variable was also measured by attributing scores from 1
to 6, with animals with more muscle mass receiving a
score of 6. The BONE was attributed to each animal using
the following visual scores: 1¼ light, 2¼ intermediate, and
3¼heavy. The variable was evaluated based on the bone
structure of the legs and hocks. All scores were attributed
to observations made within the contemporary groups by
three trained examiners. All observations of HH, PRE, MUS
and BONE were made at yearling age (around 18 months
of age). A general description of the data set used in this
study is shown in Table 1. For all traits studied, records of
animals in contemporary groups with fewer than 20
animals were excluded. In addition, data exceeding 3.5
standard deviations above or below the overall mean for
HH were eliminated. As proposed by Harville and Mee
(1984), records for the categorical traits HP and BONE of
contemporary groups in which all scores were the same,
i.e., groups without variability, were also eliminated.

Table 1
Description of the data set for hip height (HH), finishing precocity score (PRE), muscling score (MUS), bone score (BONE), and heifer pregnancy (HP)

in Nelore cattle.

Item Trait

HH (cm) PRE (1–6) MUS (1–6) BONE (1–3) HP (1 or 0)

Number of animals in the pedigree 137,769 161,842 165,191 78,337 55,430

Number of sires with progeny record 852 1032 1034 537 468

Number of dams with progeny record 41,393 50,367 52,060 21,244 18,367

Sires with more than 50 progeny 242 299 303 107 67

Animals with records 96,876 114,013 117,846 40,844 28,887

Mean of the trait 135.29 3.66 3.57 – –

Standard deviation 6.91 0.93 0.94 – –

Number of contemporary group 476 615 642 125 83

% Success – – – – 16.1

% Category 1 – 0.8 1.4 48.1 –

% Category 2 – 9.3 10.1 48.7 –

% Category 3 – 34.9 37.6 3.2 –

% Category 4 – 33.8 32.4 – –

% Category 5 – 19.5 17.1 – –

% Category 6 – 1.7 1.4 – –

BONE: 1¼ light, 2¼ intermediate, 3¼heavy; PRE: a score of 6 indicating animals with greater fat reserves; MUS: a score of 6 indicating animals with more

muscle mass.
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2.2. Models and genetic analysis

The statistical models for all traits included the fixed
effect of contemporary group, formed by farm, year of
birth, sex (except HP), and management group. The age at
measurement (linear covariate) and age of dam at calving
(linear and quadratic covariate) were also included. The
direct additive genetic and residual effects were consid-
ered to be random. The (co)variance components were
obtained by multi-trait linear-threshold animal model
using a Bayesian approach. The general model can be
written in matrix form as

y¼ XbþZaþe

where y is the vector of observations and liabilities for
categorical traits; b is the vector of systematic effects
[contemporary group, linear effect of age at measurement,
linear and quadratic effects of age of dam at calving;]; a is
the vector of random additive genetic effects; e is the
vector of random residual effects, and X and Z are
incidence matrices corresponding to the observations for
systematic effects and random additive genetic effects,
respectively. Faria et al. (2008) showed no differences in
genetic parameters for finishing precocity and muscling
using threshold or linear models for a similar scale of
variables in Nelore cattle. Therefore, the following
assumptions were made:

y9b,a,R�NMVðXbþZa,RÞ,Var
a

e

� �
¼

LA � A 0

0 R� I

" #

where LA and R are the additive genetic and residual
(co)variance matrices for the traits, respectively; A is the
numerator matrix of the coefficients of relationship
between animals; I is an identity matrix, and � is the
Kronecker product. Regarding the structure of R, the
residual variance was set to 1 for the binary trait (HP)
because this parameter is not identifiable. Prior distribu-
tions for the parameters of the model were

bpconstant,

a9LA �NMVð0,LA � AÞ,

LA9va,s2
a �WIðva,vas2

aÞ,

R9ve,s2
e �WIðve,ves2

e Þ,

where NMV and WI indicate multivariate normal and
inverse Wishart distributions, respectively, and va,s2

a and
ve,s2

e correspond to the degree of confidence and a priori

values for additive genetic and residual (co)variances,
respectively.

The traits HP and BONE were analyzed using a thresh-
old sampling model. The model for BONE (yi) assumed an
underlying distribution (li):

f ðyi9liÞ ¼
Yn

i ¼ 1

1ðliot1Þ1ðyi ¼ 1Þþ1ðt1o liot2Þ1ðyi ¼ 2Þ

þ1ðt2o liÞ1ðyi ¼ 3Þ�,

where t1 and t2are thresholds that define the three
categories of response and 1(.) is an indicator function
that takes value 1 if the condition specified is true,
otherwise the value is 0.

Analysis was performed with the THRGIBBS1F90
program (Misztal et al., 2002). Analysis consisted of a
single chain of 550,000 cycles, with a conservative burn-
in period of 50,000 cycles and a thinning interval of 50
cycles. Thus, 10,000 samples were effectively used to
estimate the parameters. The Bayesian Output Analysis
(BOA) package (Smith, 2005) was used to calculate the
posterior mean, and 95% highest posterior density.

3. Results and discussion

3.1. Heritability estimates

The estimates of variance components and coefficients
of heritability shown in Table 2 indicate that all traits
studied should respond to selection. The heritability for
HH obtained in the present study (0.36) was similar to
that reported by Pedrosa et al. (2010) (0.35) who eval-
uated animals of the same population. Silva et al. (2003)
and Shiotsuki et al. (2009) obtained a heritability of 0.30
for HH in Nelore cattle. In contrast, Pereira et al. (2010)
found a heritability of 0.62 also for Nelore animals, but
this value was based on a much smaller number of
observations for this trait. Height monitoring of cattle is
important because larger animals are associated with
higher maintenance costs.

The heritability estimates for PRE and MUS were of
moderate magnitude (0.26). Similarly, Cardoso et al.
(2004) reported heritability coefficients of 0.25 and 0.26,
respectively, for PRE and MUS in Angus cattle. Regatieri
et al. (2011) found estimates of 0.27 and 0.26 for PRE and
MUS in Nelore cattle. Shiotsuki et al. (2009) observed lower
heritabilities (0.21 and 0.23) for these traits also in Nelore
animals. In contrast, higher heritabilities for PRE and MUS
(0.33 and 0.32) than those obtained in the present study
were reported by Boligon and Albuquerque (2010) for
Nelore animals. According to Cardoso et al. (2004), differ-
ences in the magnitude of heritability coefficients of visual
scores are due to differences in the evaluation systems and
models used. In this respect, the number of records for
visual scores used in this investigation was much higher
than that employed in the studies cited above.

The heritability for HP (0.50) was similar to those
reported in the literature for Nelore cattle. Eler et al.
(2002) found a heritability of 0.57 for HP and suggested
that this trait can be used as a selection criterion. Shiotsuki
et al. (2009) obtained an estimate of 0.49 for HP at 16

Table 2
Posterior means (95% highest posterior density) of variance components

and heritability obtained for hip height (HH), finishing precocity score

(PRE), muscling score (MUS), bone score (BONE), and heifer pregnancy

(HP) in Nelore cattle by multi-trait analysis.

Trait Additive genetic

variance

Residual

variance

Heritability

HH 5.57 (5.29–5.86) 9.62 (9.39–9.84) 0.36 (0.35–0.38)

PRE 0.16 (0.15–0.17) 0.44 (0.43–0.44) 0.26 (0.25–0.28)

MUS 0.16 (0.15–0.17) 0.45 (0.44–0.45) 0.26 (0.25–0.28)

BONE 0.04 (0.04–0.05) 0.13 (0.12–0.13) 0.26 (0.23–0.29)

HP 1.02 (0.82–1.26) 1.00 0.50 (0.45–0.56)
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months. Van Melis et al. (2010) reported a heritability of
0.53 for HP and suggested that the expected progeny
difference for this trait can be used to select sires that
produce more precocious and fertile daughters. The herit-
ability estimates of HP obtained for Nelore animals are
higher than those reported for Bos taurus animals, which
range from 0.13 to 0.27 (Evans and Golden, 1999; Doyle
et al., 2000). According to Eler et al. (2002), HP shows
greater variability in Bos indicus animals because of recent
selection for this trait. Thus, the genetic variability of B.

indicus seems to be more preserved than B. taurus.
The heritability for BONE was 0.26. A lower estimate

(0.22) has been reported by Miglior et al. (1994) for
Limousin bulls. In addition to being an important factor
for carcass composition, the bone structure of beef cattle
is especially relevant for pasture-based production
systems that require good locomotion ability of the
animal. Many studies on bone structure have been con-
ducted on dairy cattle. Jamrozik et al. (1991) reported a
heritability of 0.22 for bone quality of Canadian Holstein
cattle. Using the same breed, Fatehi et al. (2003) obtained
heritability estimates for bone quality ranging from 0.24
to 0.29 depending on the farming system. In a study on
Danish Holsteins, Laursen et al. (2009) found a heritability
of 0.27 for apparent bone structure, indicating that this
trait will respond to selection.

3.2. Correlations

The genetic correlations between all traits studied were
of low to high magnitude (Table 3). The genetic correlation
of HH with PRE, MUS, HP and BONE was low, indicating that
selection for HH would result in little or no response in the
other traits. The genetic correlations between HH-PRE and
HH-MUS (0.25 and 0.21) differed from those reported by
Koury Filho et al. (2009) for yearling Nelore animals (�0.29
and �0.33). Faria et al. (2009a) found genetic correlations
close to zero between HH and MUS measured at 15 and 22
months of age in Nelore animals (0.08 and �0.08). It should
be noted that the number of records of visual scores and HH
used in this study was higher than that evaluated by Koury
Filho et al. (2009) and Faria et al. (2009a). As discussed for
the heritability estimates of visual scores, the use of
different models and a subjective scoring system may
explain the differences between the genetic correlations
found here and the literature.

The genetic correlation between HH and HP was nega-
tive, but close to zero (�0.06), indicating that selection for
HH has little or no effect on HP. Silva et al. (2003) reported a
genetic correlation of 0.10 in Nelore animals. In a study

involving three Nelore lines (two selected for higher year-
ling weight and one control selected for mean yearling
weight), Mercadante et al. (2003) showed that selection for
weight promoted a significant increase in HH without
compromising the reproductive performance of cows in
terms of days to calving and calving success. However,
unfavorable genetic correlations between HH and reproduc-
tive traits have also been reported. Shiotsuki et al. (2009),
using data from Nelore animals, reported a genetic correla-
tion of �0.24 between HH and HP at 16 months of age,
indicating that long-term selection for HH may compromise
HP. In a study on Brahman cattle, Vargas et al. (1998)
obtained a genetic correlation of 0.25 between HH and age
at puberty of heifers. Vargas et al. (1999) concluded that
larger framed Brahman females reach puberty later and also
calve later than females with small or medium frame size.
Although there is no strong evidence that an increase of HH
compromises female reproductive performance of the
Nelore population, particularly HP, Vargas et al. (1999)
emphasized that an increased height of the animals may
increase nutritional requirements and, consequently, the
costs of animal maintenance.

The correlation between HH and BONE (0.38) indicates
that selection for HH may result in a long-term increase of
BONE. Studies investigating the genetic correlation
between HH and BONE in beef cattle are scarce. For
Limousin bulls, Miglior et al. (1994) reported a genetic
correlation of zero between BONE and height at hooks.
Nephawe et al. (2004) obtained a genetic correlation of
0.48 between percentage of bone in carcass and mature
HH for beef cattle (GPE-USMARC, Clay Center), indicating
that these traits are moderately correlated. In a study on
Brown Swiss cows, Samoré et al. (2010) found a genetic
correlation of 0.33 between height and hock quality.

The genetic correlation between PRE and MUS was of
high magnitude (0.99), indicating that the two traits can be
considered the same. The similarity between these traits is
also demonstrated by the correlations with the other traits
studied. A high genetic correlation between PRE and MUS
has also been reported by Regatieri et al. (2011) and by
Koury Filho et al. (2010) for Nelore cattle (0.85 and 0.95,
respectively). According to the latter authors, selection for
one of the visual scores studied will imply a positive
correlated response in the other. Thus, the simultaneous
inclusion of PRE and MUS in a selection index does not seem
to be necessary for the present population.

The genetic correlations between PRE and HP and MUS
and HP (0.25 and 0.24, respectively) suggest little improve-
ment in reproductive precocity when animals are selected
for higher visual scores of PRE and MUS. Similarly, Shiotsuki

Table 3
Posterior means (95% highest posterior density) of genetic (above the diagonal) and residual (below the diagonal) correlations between hip height (HH),

finishing precocity score (PRE), muscling score (MUS), bone score (BONE), and heifer pregnancy (HP) in Nelore cattle by multi-trait analysis.

Trait HH PRE MUS BONE HP

HH – 0.25 (0.21–0.29) 0.21 (0.17–0.25) 0.38 (0.32–0.44) �0.06 (�0.14–0.01)

PRE 0.18 (0.16–0.19) – 0.99 (0.99–0.99) 0.85 (0.82–0.89) 0.25 (0.18–0.32)

MUS 0.18 (0.17–0.19) 0.76 (0.76–0.77) – 0.85 (0.82–0.89) 0.24 (0.21–0.32)

BONE 0.06 (0.05–0.07) 0.30 (0.29–0.32) 0.26 (0.25–0.27) – 0.03 (�0.06–0.13)

HP 0.01 (0.00–0.02) 0.09 (0.06–0.12) 0.07 (0.05–0.09) 0.03 (0.02–0.04) –
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et al. (2009) reported genetic correlations of 0.18 and 0.16
between PRE-HP at 16 months and MUS-HP at 16 months,
respectively, for Nelore animals. On the basis of favorable
genetic correlations between PRE and age at first calving
(�0.26) and between MUS and age at first calving (�0.18),
Boligon and Albuquerque (2010) concluded that selection
for visual scores should improve the reproductive perfor-
mance of Nelore cows. Santana et al. (2012) reported a
genetic correlation of 0.23 between PRE and HP of Nelore
cattle. Using data from Brahman cattle, Vargas et al. (1999)
found no significant effect of body condition score on age at
puberty. However, females with a higher body condition
score at 18 months of age calved earlier than those with a
lower score. In contrast, Faria et al. (2009b) observed a low
genetic correlation (�0.24) between MUS and age at first
calving in Nelore cattle.

The visual scores of PRE and MUS were strongly corre-
lated with BONE (0.85), indicating that greater muscle mass
and earlier finishing are associated with a heavier bone
structure. Therefore, selection for higher PRE and MUS in
this population should lead to animals with higher BONE.
This genetic association needs to be taken into account
during selection in this population because animals with
higher BONE values are undesired. Most studies in the
literature reported a low genetic association between skeletal
and carcass measures. Miglior et al. (1994) obtained a genetic
correlation of 0.38 between muscle development and BONE
and of zero between fat thickness and BONE in Limousin
bulls. A genetic correlation coefficient close to zero between
frame size and longissimus muscle area at yearling led
Johnson et al. (1993) to conclude that muscling and skeletal
size are weakly correlated in Brangus cattle. In contrast,
Nephawe et al. (2004), studying beef cattle (GPE-USMARC,
Clay Center), reported a genetic correlation of �0.38
between bone percentage in carcass and body condition
score. The divergence in the correlation between carcass
components might be attributed to differences between
breeds, which were highlighted by Berg and Butterfield
(1968). In addition, these authors showed that the proportion
of bone, muscle and fat in the carcass is influenced by age,
weight, and nutrition of the animals.

The genetic correlation between BONE and HP was close
to zero (0.03), indicating that in the present population
selection for any of these traits would not lead to changes
in the other trait. Faria et al. (2009a) obtained a favorable,
although weak (�0.17), genetic correlation between
physical structure at 15 months of age (hoof integrity and
size, strength and width of bones, ligaments) and age at first
calving in Nelore animals. Studies reporting genetic correla-
tions between BONE and reproductive performance of beef
cattle are scarce. In a study on Holstein–Friesian cows,
Onyiro et al. (2008) obtained genetic correlations of 0.07
between bone quality and calving interval and of 0.36
between bone quality and 56-day non-return rate, indicat-
ing that selection for bone quality would contribute little to
improve reproductive performance. Gutiérrez et al. (2002)
studied Asturiana de los Valles cattle, a breed that is reared
mainly in mountain areas and under semi-extensive condi-
tions, and observed that cows with better skeletal develop-
ment (body size and depth) presented a shorter calving
interval and earlier calving date.

The residual correlations between the traits studied
were usually positive and of low magnitude, except for
the residual correlation between PRE and MUS which was
of high magnitude (0.76). Therefore, in the present popu-
lation, correlated environmental effects are small for most
of the traits studied. According to Shiotsuki et al. (2009),
improvement in the animal rearing environment of the
population studied would probably act on all traits in the
same direction. Similar residual correlations have been
reported by Miglior et al. (1994) for body structure and
conformation of Limousin bulls (0.00–0.43). Koury Filho
et al. (2009) obtained residual correlations of 0.22–0.56
between PRE, MUS and HH. As observed in the present
study, Koury Filho et al. (2010) found a high residual
correlation between PRE and MUS in Nelore cattle (0.82).
The authors suggested the existence of correlations
between non-additive genetic and environmental effects
that affect the expression of these traits.

4. Conclusion

All traits studied present important additive genetic
variation and can be used as selection criteria in Nelore
cattle. The simultaneous inclusion of all visual scores
studied here in a selection index does not seem to be
necessary for the present population because the genetic
correlations between them were close to unity. The
genetic correlations of HP with HH and visual scores were
of low magnitude, indicating that selection for the traits
related to body structure and conformation has little or no
effect on HP.
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