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Heritability estimates and genetic correlations for body weight
and scrotal circumference adjusted to 12 and 18 months of age
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Heritability estimates and genetic correlations were obtained for body weight and scrotal circumference, adjusted, respectively,
to 12 (BW12 and SC12) and 18 (BW18 and SC18) months of age, for 10 742 male Nellore cattle. The adjustments to SC12
and SC18 were made using a nonlinear logistic function, while BW12 and BW18 were obtained by linear adjustment. The
contemporary groups (CGs) were defined from animals born on the same farm, in the same year and birth season. The mean
heritability estimates obtained using the restricted maximum likelihood method in bi-trait analysis were 0.25, 0.25, 0.29 and
0.42 for BW12, BW18, SC12 and SC18, respectively. The genetic correlations were 0.30 6 0.11, 0.21 6 0.13, 0.21 6 0.11,
20.08 6 0.15, 0.16 6 0.12 and 0.89 6 0.04 between the traits BW12 and BW18; BW12 and SC12; BW12 and SC18; BW18 and
SC12; BW18 and SC18; and SC12 and SC18. The heritability for SC18 was considerably greater than for SC12, suggesting that
this should be included as a selection criterion. The genetic correlation between BW18 and SC12 was close to zero, indicating
that these traits did not influence each other. The contrary occurred between SC12 and SC18, indicating that selection using
one of these could alter the other. Because of the mean magnitudes of heritabilities in the various measurements of weight
and scrotal perimeter, it is suggested that the practice of individual selection for these traits is possible.
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Implications

Heritability estimates and genetic correlations were
obtained for body weight and scrotal circumference at 12
and 18 months of age in Nellore cattle. All the measure-
ments were obtained at different ages and it was necessary
to adjust the data. Linear functions were used for the body
weight adjust; however, nonlinear functions were more
appropriate for the scrotal circumference adjust. The results
contribute to the development of genetic improvement
programs for Nellore cattle and can be applied to improving
meat productivity in Brazil.

Introduction

Zebu breeds of cattle, particularly Nellore, present good
adaptation to tropical environments and their adversities.

Thus, their use during the process of forming herds in Brazil
was of fundamental importance in enabling beef production
to attain importance in this country’s economy. Therefore, it
is essential to study the genetic and environmental factors
that influence the development of these animals. Through
this, greater support can be provided for animal genetic
improvement programs.

The productive performance of the herds needs to be
evaluated according to traits connected with the quantity and
quality of the meat produced. Body weight (BW) measured
at different ages is often used with the aim of identifying the
most productive animals. BW measurements present herit-
ability of medium to high magnitude and are highly correlated
with each other, thus indicating that BW data obtained at
young ages can be used as selection criteria for Zebu breeds
(Garnero et al., 2001; Mucari and Oliveira, 2003). These
authors used weights at different ages that were adjusted by
means of linear interpolation and, in this way, they corrected
for weight measurements made at different ages.- E-mail: danisio@fcav.unesp.br
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Scrotal circumference (SC) measurements can also be
used as selection criteria in programs aiming to improve
production efficiency, since they present medium to high
heritability (Quirino and Bergmann, 1998; Gressler et al.,
2000; Pereira et al., 2000; Silveira et al., 2004) and favor-
able genetic associations with production traits (Moser
et al., 1996; Cyrillo et al., 2001; Garnero et al., 2001) and
reproductive traits (Martin et al., 1992; Gressler et al.,
2000; Gianlorenço et al., 2003; Boligon et al., 2007).
Furthermore, because SC is an easily measured trait and
can be measured at young ages (weaning, 365 days of
age and 550 days of age), this makes it possible to identify
animals that are genetically superior in relation to these
traits.

Standardization of body measurements at certain ages
is necessary to compare animals’ performances, because
they are weighed at different ages to facilitate husbandry.
Adjustment of body measurements according to age is
often done using linear models. However, it is known that
the growth of cattle is described by a sigmoid curve. Thus, it
is expected that nonlinear models would describe their
body growth better (Laird, 1965). For beef cattle, in parti-
cular Zebu breeds, the standard ages of 205, 365 and 550
days are used.

Nonlinear functions were studied by Lôbo and Martins
Filho (2002), who observed that sigmoid functions are
more appropriate than linear regression equations, for
adjusting the growth of beef cattle. Those authors observed
that the use of linear or nonlinear models for adjusting
body measurements at different ages could influence
the selection process and the expected response to the
selection.

The aim of the present study was to estimate heritabilities
and genetic correlations for weights and scrotal circumfer-
ences adjusted to 12 and 18 months, for Nellore cattle.

Material and methods

Animals and management
Data were collected from 10 742 Nellore animals, born
between 1990 and 2003, belonging to 21 farms located in
the state of São Paulo, Brazil. These farms were partici-
pating in the Nellore Brazil Program, coordinated by the
National Association of Breeders and Researchers (‘Asso-
ciação Nacional de Criadores e Pesquisadores’ – ANCP).
The animals were raised under a pasture regime without
supplemental feeding. The calves were weaned at 7 to 8
months of age. The reproductive management consisted
of a breeding season lasting from 60 to 120 days using
artificial insemination or controlled natural breeding. An
index termed ‘total genetic merit’, which was developed by
Nellore Brazil Program, was used to select genetically
superior males and females. This index included breeding
value estimates for the following weighted traits: maternal
ability (0.20), pre-weaning gain (0.20), post-weaning gain
(0.20), yearling gain (0.20) and scrotal circumference at
12 (0.10) and 18 months of age (0.10).

Measurements and adjustments of body weight and scrotal
circumference for age
BWs were obtained every 3 months between birth and a
maximum of 18 months and SCs were measured every
3 months between the ages of 200 and 1020 days. To
measure the SC, a metal measuring tape graduated in
millimeters was used, positioned at the medial position of
the scrotal sac, at the point of the greatest dimension,
wrapping around both testicles and the scrotal skin.

The body weights at 12 and 18 months (BW12 and
BW18) were derived as the product of observed BW and a
linear correction factor, i.e. the ratio between the expected
BWs at 12 and 18 months and the expected BWs at each
age. The expected BWs at each age were obtained by
means of quadratic regression of BW according to age.
Thus, the BW considered was the one closest to the BW
at 12 or 18 months, within intervals of 11 to 13 months or
17 to 19 months, respectively.

Analyses using least-squares methods indicated that linear
adjustments were not efficient for correcting the SCs. Thus, it
was decided to use a nonlinear correction factor for adjusting
the SC. The SCs at 12 and 18 months (SC12 and SC18) were
obtained from the nonlinear logistic function used by Nelder
(1961). This was found to be the best out of six nonlinear
curves for SC growth that were tried out in relation to the
present database: Brody, Richards, Von Bertalanffy, Logistic,
Gompertz and modified Logistic form, respectively, Brody
(1945), Richards (1959), Von Bertalanffy (1957), Nelder
(1961), Laird (1965) and Quirino et al. (1999). The nonlinear
logistic function was described as follows:

Yt ¼ A ð1þ e�ktÞ
�m
þ �;

where ‘Y’ is the SC in cm adjusted for age ‘t’; ‘A’, the
asymptotic value of ‘Y’ when ‘t’ tends towards infinity,
interpreted as the SC of an adult animal; ‘e’, natural
logarithm; ‘k’, maturation rate; ‘t’, animal’s age in days; ‘m’,
a constant that defines the shape of the curve and ‘e’, the
random error associated with each measurement.

Data editing and contemporary groups
The data included were limited to offspring whose parents
and birth dates were known. The definition of contemporary
group (CG) was the same for all traits and comprised animals
belonging to the same farm that were born in the same year
and birth season. Two birth seasons were defined: calves
born from October to March (rainy season) and calves born
from April to September (dry season). The exclusion criteria
were sires with less than three offsprings in each variable,
CG showing less than five observations per trait and animals
that died during husbandry.

Statistical analysis
The variance and covariance components and the respective
estimates of heritability and the genetic and environmental
correlations were obtained using the restricted maximum
likelihood method, in bi-trait animal models, using the
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multiple-trait derivative-free restricted maximum likelihood
(MTDFREML) software described by Boldman et al. (1995).
The relationship matrix included 42 734 animals. The mixed
model used in the two-trait analysis was:
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" #
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X1 0
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" #
b1

b2

" #

þ
Z1 0

0 Z2

" #
a1

a2

" #
þ

e1

e2

" #
;

where y1 and y2 represented different traits. The fixed-effect
vectors for trait 1 (b1) and trait 2 (b2) were CGs, and the
effect of the age of the dam at calving was a second-degree
linear covariable. These effects were significant (P , 0.05)
for all traits studied. The vectors a1 and a2 were random
additive genetic effects, and e1 and e2 were residual effects
for traits 1 and 2, respectively. The incidence matrices X1

and X2 associated elements of b1 and b2 with the records in
y1 and y2. The incidence matrices Z1 and Z2 associated
elements of a1 and a2 with the records in y1 and y2. The
expectation of y1 was X1b1, and the expectation of y2 was
X2b2; the variance–covariance structure of random effects
of the two-trait animal model was as follows:
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where s2
a1

and s2
a2

were direct additive genetic variances,
s2

e1
and s2

e2
were the residual variances for traits 1 and 2,

respectively; sa1a2 was the direct genetic covariance between
traits 1 and 2, and se1e2 was their residual covariance.

Six data sets were generated, combining the four studied
traits in pairs, in which only the animals with both of the
measurements in the pair were retained. In this way,
standard error values for the estimates were obtained. The
final data set is described in Table 1.

Results

The general means observed and the respective standard
deviations, coefficients of variation, total numbers of
observations and maximum and minimum values for BW12,
BW18, SC12 and SC18 are presented in Table 2.

The heritabilities estimates in bi-trait analysis for each of
the traits (BW12, BW18, SC12 and SC18) with the others
ranged from 0.13 6 0.03 to 0.32 6 0.06; from 0.23 6 0.05
to 0.27 6 0.05; from 0.27 6 0.05 to 0.31 6 0.05 and from
0.42 6 0.06 to 0.43 6 0.06, respectively. The low values of
the standard errors provided greater confidence in these
estimates. The heritability estimates imply that a consider-
able proportion of the expression of these traits was due to

the additive effect of the genes. This makes individual
selection practices possible, taking these values as the criteria.

Table 3 presents the mean heritabilities estimated for
each trait and the genetic and environmental correlations
obtained through bi-trait analyses. The genetic and envir-
onmental correlations estimated for the traits studied were
all favorable, with the exception of the genetic correlation
between BW18 and SC12. The high environmental corre-
lation indicated that both traits were influenced by the
same environmental conditions and by the same genes with
non-additive action.

Discussion

The means for BW12 obtained in the present study were
greater than those found by Perotto et al. (2001) and Boligon
et al. (2008), who found 185.56 6 2.3 and 217.29 kg,

Table 1 Total number of animals and numbers of sires, dams and
animals in contemporary groups (CG) considered in bi-trait analyses
of body weight (BW) and scrotal circumference (SC) adjusted for
12 (BW12 and SC12) and 18 (BW18 and SC18) months of age

Traits* Number of animals Sires Dams CG

BW12 and BW18 6609 288 4080 216
BW12 and SC12 3870 210 2723 136
BW18 and SC18 3908 212 2738 137
BW12 and SC18 3899 212 2733 137
BW18 and SC12 3870 212 2723 135
SC12 and SC18 3705 165 2621 132

*Same structure data for both traits.

Table 2 Numbers of observations (n), means, standard deviations
(s.d.), coefficients of variation (CV) and minimum (Min) and maximum
(Max) values for body weights (BWs) and scrotal circumference (SC)
adjusted for 12 (BW12 and SC12) and 18 (BW18 and SC18) months
of age

Trait n Mean 6 s.d. CV (%) Min Max

BW12 (kg) 8543 255.08 6 31.75 12.44 153.05 407.65
BW18 (kg) 7888 341.46 6 46.93 13.75 200.22 583.68
SC12 (cm) 7036 19.38 6 2.19 11.28 10.70 26.33
SC18 (cm) 6978 25.73 6 3.18 12.37 12.42 36.41

Table 3 Mean heritability estimates (diagonal), and estimates of
genetic (above diagonal) and environmental (below diagonal) corre-
lations obtained in bi-trait analyses for body weight (BW) and scrotal
circumference (SC), adjusted for 12 (BW12 and SC12) and 18 (BW18
and SC18) months of age

Variable BW12 BW18 SC12 SC18

BW12 0.25 0.30 6 0.11 0.21 6 0.13 0.21 6 0.11
BW18 0.80 6 0.02 0.25 20.08 6 0.15 0.16 6 0.12
SC12 0.58 6 0.03 0.56 6 0.04 0.29 0.89 6 0.04
SC18 0.55 6 0.04 0.63 6 0.04 0.53 6 0.03 0.42

Genetic parameters for growth traits in Nellore cattle
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respectively. For BW18, Boligon et al. (2008), Horimoto et al.
(2007) and Siqueira et al. (2003) reported lower means, of
269.84 kg, 319.6 6 38.80 kg and 293 6 49 kg, respectively.
However, the herds studied in the present work were parti-
cipating in a genetic improvement program for which the
suggested selection criteria included traits that favored BW12
and BW18. Thus, higher means were expected. On the other
hand, some of these authors (Siqueira et al., 2003; Boligon
et al., 2008) presented means that were for males and
females, and lower means were expected. Furthermore, the
production system in Brazil is extensive and dependent on
environmental, nutritional (grazing) and management factors
that could influence the mean values.

Dias et al. (2003) obtained means that were similar to
those of the present study for SC18 (26.33 cm). Horimoto
et al. (2007) estimated higher adjusted values for SC18
(27.7 cm) in a herd in which the selection criterion (SC) had
the aim of improving early sexual maturity.

The mean heritability estimates in bi-trait analysis for BW12
and BW18 were 0.25. These estimates were lower than those
found in the literature for BW12 in the Nellore breed (Quirino
and Bergmann, 1998) and the Canchim breed (da Silva et al.,
2000). For BW18, the heritability estimates in the literature
consulted ranged from 0.30 to 0.70 (Quirino and Bergmann,
1998; Garnero et al., 2001; Siqueira et al., 2003; Silveira et al.,
2004), in animals of Nellore breed.

In the present study, the higher heritability estimate found
for SC at the age of 18 months was indicative of individual
selection that was more efficient than the selection at
12 months. Thus, selection for SC18 would result in greater
gains, because of the existence of genetic variability, probably
because at the age of 18 months, a large proportion of the
animals studied had already reached sexual maturity.

According to Dal-Farra et al. (1998), genetic selection for
SC between the ages of 17 and 18 months seems to be
most appropriate, since it enables identification of males
that present early testicular growth, since the rate of
growth gradually decreases when the animal reaches the
age of puberty, which occurs at around 19.4 months,
thereby characterizing earlier sexual maturity. Puberty has
been estimated as the age of production of 50 3 106 sperm
with 10% motility (Lunstra et al., 1978). Although puberty
is related to weight in some species and to age in others,
for cattle, body weight and age both are important in
determining the age at puberty (Yelich et al., 1995). Brody
(1945) concluded that puberty is the point at which self-
accelerating growth changes to self-inhibiting growth and
that weight at puberty occurs at approximately 60% of
mature weight in all species.

Similar heritability estimates for SC12 were found by da
Silva et al. (2000), who found a heritability estimate of
0.30, for the Canchim breed.

The heritability estimates for SC18 in the present study
are in agreement with the findings of Dias et al. (2003),
who studied Nellore cattle and estimated a value of
0.42 6 0.04 for SC18, taking BW18 and yearling age as
covariables. However, Quirino and Bergmann (1998)

obtained high heritability for adjusted SC18 for Nellore
cattle (0.70) when BW was included as a covariable,
thereby resulting in reductions in the additive, environ-
mental and phenotypic components of genetic variance.
Silveira et al. (2004) obtained heritabilities of 0.39, for
SC18, among animals of Nellore breed.

In general, BWs measured at different ages are highly
associated genetically. However, the correlation obtained for
BW12 and BW18 (0.30 6 0.11) was lower than that found
by Santos et al. (2005) for the Nellore breed (0.97) and by
Malhado et al. (2002) and Mucari and Oliveira (2003) for
the Guzerá breed (0.65 and 0.62, respectively). Nonetheless,
the high environmental correlation (0.80 6 0.02) indicated
that not only were these traits influenced by additive action of
the same genes but also there was a non-additive and/or
environmental genetic association. Thus, selection for BW12
would result in better performance for BW18.

Even though the genetic correlations between BW12 and
SC12, BW12 and SC18 and BW18 and SC18 were small,
they were favorable and indicated that the traits evaluated
were influenced by the same genes. The genetic correlation
found between BW12 and SC12 was similar to what was
estimated by Cucco (2008), an estimate of 0.15 in Brown
Swiss beef cattle, and smaller than the finding of Quirino
and Bergmann (1998) in Nellore cattle, for which the esti-
mate was 0.47.

There are few studies correlating BW12 and SC18 in the
Nellore breed. Cucco (2008) found a small genetic corre-
lation between these traits (0.07), thus indicating that,
contrary to our results, selection for BW12 would not result
in genetic progression for SC18. For BW18 and SC18, the
results from the present study show a smaller magnitude
compared to that found by Garnero et al. (2001), Silveira
et al. (2004) and Pereira et al. (2001), whose estimates
were 0.40, 0.46 and 0.25, respectively.

Only the genetic association between BW18 and SC12
was unfavorable and practically zero, thus indicating that
the genes involved in the expression of these traits are not
the same. However, de Castro-Pereira et al. (2007) observed
heritability estimate of 0.42 between BW18 and SC12, for
Canchim cattle.

The genetic association between SC12 and SC18 was
high and positive (0.89 6 0.04) and indicated that indirect
selection of one trait by another is possible. Gressler et al.
(2000) also obtained a high correlation between these traits
(0.99).

Considering that selection for SC may improve the
reproductive performance of the animals and that SC12
presented the lowest heritability estimate and unfavorable
correlation with BW18, selection for SC18 would be more
indicated, since it responds better to selection and may
provide genetic gains in BW12 and BW18.

Conclusion

The heritability estimates for BWs and circumferences at
12 and 18 months indicated considerable additive genetic
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variation for these traits. Thus, direct selection for SC18 is
appropriate and may result in genetic progress towards
increasing BWs at 12 and 18 months of age and SC mea-
sured at 12 months of age.
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