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Temperament is an important trait for the management and welfare of animals and for reducing accidents involving people who work with
cattle. The present study aimed to estimate the genetic parameters related to the temperament score (T) and weaning weight (WW) of
Nellore cattle, reared in a beef cattle breeding program in Brazil. Data were analyzed using two different two-trait statistical models, both
considering WW and T: (1) a linear-linear model in which variance components (VCs) were estimated using restricted maximum likelihood;
and (2) a linear-threshold model in which VCs were estimated via Bayesian inference. WW was included in the analyses of T to minimize
any possible effects of sequential selection and to allow for estimation of the genetic correlation between these two traits. The heritability
estimates for T were 0.21±0.003 (model 1) and 0.26 (model 2, with a 95% credibility interval (95% CI) of 0.21 to 0.32). The estimated
genetic correlations between WW and T were of a moderate magnitude (−0.33±0.01 (model 1) and −0.34 (95% CI: −0.40, −0.28,
model 2). The genetic correlations between the estimated breeding values (EBVs) obtained for the animals based on the two models were
high (>0.92). The use of different models had little influence on the classification of animals based on EBVs or the accuracy of the EBVs.
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Implications

Animal temperament is a trait that exerts a marked influence
on the beef production system in tropical regions, because the
management applied on the herds has direct repercussions on
the profitability of the enterprises. Given the categorical nature
of the temperament scores (T) and their asymmetric distribu-
tion, two statistical models were applied to study this trait in
cattle, with the aim of assessing the differences and possible
advantages of using a threshold model compared with a linear
model for estimating variance components. The two models
produced similar estimates of genetic parameters, classification
of animals based on estimated breeding values (EBVs) and
accuracy of the EBVs. The variability observed for T and the
favorable association of this score with weaning weight, a trait
related to maternal ability, support the inclusion of T as a
selection criterion for the breeding program.

Introduction

Cattle temperament influences the productive potential of
animals because of its correlation with their performance and

its relationship with aspects that facilitate management
activities and the welfare and safety of animals and
employees. The importance of beef cattle temperament in
production systems is widely recognized.
According to Burow (1997), temperament is defined as

a behavioral response of cattle to handling by humans.
Reactivity is one of the main ways to show this response, and
reactivity to humans can be affected by previous experiences
of an animal toward humans, like fear (Adamczyk et al.,
2013). Although fear is crucial on the responses toward
potentially dangerous situations, excessive fear may also
lead to develop chronic stress that could affect several
behavioral traits, such as social, sexual and parental rela-
tionships, and decrease the performance traits in cattle
(Forkman et al., 2007).
Several methods for measuring cattle temperament are

used, including restrained and non-restrained tests, dairy
cow scoring system, dominance tests, free movement test
and assessment of maternal temperament (Burrow, 1997).
Among them, the restraint tests, the open field test, the fear
of humans tests and flight distance were the most appro-
priate to assess individual responses in cattle (Adamczyk
et al., 2013).† E-mail: saquei@fcav.unesp.br

Animal (2015), 9:3, pp 388–394 © The Animal Consortium 2014
doi:10.1017/S1751731114002572

animal

388

mailto:saquei@fcav.unesp.br


Therefore, it is necessary to use appropriate statistical
models to correctly evaluate this trait in animal breeding
programs that adopt temperament as a selection criterion.
Several studies have reported heritability estimates for tem-
perament scores in cattle ranging from 0.13 to 0.40 (Burrow,
2001; Kadel et al., 2006; Barrozo et al., 2012); linear
models were used in most of these studies to estimate the
genetic parameters. However, given the categorical nature of
temperament scores and their asymmetric distribution, it is
possible that some assumptions, such as the normality
and homoscedasticity of residuals, would not be met when
analyzing this trait using linear models. Thus, it would be
important to assess the differences and possible advantages
of applying statistical models involving assumptions that are
more suitable for genetic analysis in such a context, such as
threshold models (Gianola and Foulley, 1983). The present
study aimed to estimate genetic parameters associated
with temperament scores in Nellore cattle, including the
genetic correlation of this trait with weaning weight, using
two different two-trait animal models (linear-linear and
linear-threshold models).

Material and methods

Animals and data
This study used temperament score (T) and weaning weight
(WW) data from Nellore cattle born between 1994 and 2012,
originating from 110 herds located in the western and central
regions of Brazil and maintained under tropical conditions.
The data were collected and provided by the PAINT®

breeding program of the CRV Lagoa (2013). This company
includes productive and reproductive traits and visual scores
in its selection index. The feeding system adopted in these
farms consisted basically of tropical pastures and water ad
libitum. They received mineral salt throughout the year and,
in some cases, protein salt in the dry season. Each year,
mating occurred in the rainy season, usually from December
to February, through artificial insemination or natural ser-
vice, and the calves were weaned during the dry season
(from May to July).

Description of the studied traits
WW was measured when the animals were ~8 months
old (mean = 238.7 ± 27.7 days, median = 239.00 days).
Calves, grouped by birth month, sex and the carrying
capacity of the pastures, were subjected to feed and water
fasting for 12 to 14 h and then weighed and evaluated to
obtain visual scores for their conformation (C), precocity (P),
muscling (M) and navel (N). After genetic evaluation, calves
that were considered inferior at weaning were culled, at
a proportion of ~50% for males and 20% for females.
Temperament was assessed in yearlings between 15 and
18 months of age through a restraint test that assigned
scores to an individual considering grade classes of 1 to 4.
The score was assigned immediately after the animal had
exited the scale, when it was let loose alone in a section
of the corral with the person in charge for the evaluation.

The evaluator tried not to interfere with the animal and/or
the environment, and the score assessment took around
2 min per animal. This evaluation was carried out following
the procedure described by Barrozo et al. (2012), such that
the animals had their temperament classified according to:

1. The animal is gentle, quiet and easy to handle, is not
bothered by the environment of the corral or human
presence, does not seek to escape and moves slowly and
quietly.

2. The animal is not bothered by the environment of the
corral or human presence, does not seek to escape and
moves with agility, without presenting sudden move-
ments. The animal is aware of the environment and what
occurs around it but shows no aggression.

3. The animal is agitated, bothered by the environment of
the corral and human presence and searches for a way to
escape but does not attempt to break or jump over
the fence of the corral. The animal moves with agility,
presents sudden movements and is aware of the
environment and what occurs around it but shows no
aggression.

4. The animal is aggressive and tries to reach the human, is
bothered by the environment of the corral and human
presence and presents agile and sudden movements. The
animal is aware of the environment and what occurs
around it and attempts to break the fence of the corral
(CRV Lagoa (2013)).

Data editing and contemporary groups
Contemporary groups (CGs) were formed at birth, at
weaning and at yearling age. The contemporary groups at
birth (CGb) included the following information: breeder, year
of birth and sex. For contemporary groups at weaning (CGw),
information regarding the CGb, weaning farm, weaning
management group and date of weaning were considered.
For contemporary groups at yearling age (CGy), information
on the CGw, yearling farm, yearling management group and
yearling evaluation date were concatenated. The following
data were excluded from the database: CGs consisting of
offspring from a single bull and/or with less than four animals
and data on progeny of bulls with < 10 offspring. In the case
of CGy, groups showing no variability in temperament
were also excluded to avoid the extreme category problem
(Misztal and Gianola, 1989) in the genetic analysis of this
trait. After data editing and elimination of inconsistent data,
the total numbers of contemporary groups considered in the
analysis were 6143 for CGw and 5808 for CGy. The mean
number of animals was 37 for CGw and 33 for CGy.

Statistical analyses and models
Variance components for temperament and WW were
estimated using the following two-trait animal model: a
linear-linear model (model 1) and a linear-threshold model
(model 2), given the categorical nature of T. In addition to
allowing the correlations between T and WW to be esti-
mated, including WW in the model analyzing T would allow
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the possible effects of sequential selection at weaning to be
reduced. In model 1, the following effects were considered as
fixed effects for WW: CGw and the covariates weaning age,
linear (L) and quadratic (Q) effects, age of the cow at calving
(L and Q) and Julian date of birth (L, Q and cubic). The
following random effects were also considered in this model:
direct additive, maternal additive, permanent maternal
environmental and residual effects. The fixed effects included
in the analysis of T were Cgy and the covariates age of the
yearling (L and Q) and age of the cow at calving (L and Q),
and the random effects comprised additive and residual
effects.
Model 1 can be described by the following equation:

Y ¼ Xβ + Z1a + Z2m+Wc + e

where Y is the vector of observations for WW and tempera-
ment; β the vector of fixed effects and covariates; a the
vector of random direct additive genetic effects;m the vector
of random maternal additive genetic effects; c the vector
of random permanent maternal environmental effects;
and e the residual effects. X, Z1, Z2 and W are incidence
matrices relating the elements β, a,m and c, respectively, to
vector Y. It is assumed that a~MVN 0

0;GA
� �

, m~MVN
0
0;MA
� �

, c~N (0,PI) e~N (0,RI). Following this notation,

G ¼ σ211 σ212
σ212 σ222

� �
is the covariance matrix of the direct

additive effects; σ 2
11, σ 2

12 and σ 2
22 are the additive

variance for WW, the additive covariance between WW and T
and the additive variance for T, respectively; A is the matrix
of numerators for kinship coefficients; I represents an identity
matrix of the appropriate order; and M and P represent the
covariance matrices for maternal additive effects and
maternal permanent environmental effects between WW
and T, respectively, which include non-zero elements only in

the case of variances relative to WW. P σ2p11 0
0 0

� �
is the

matrix of (co)variances between maternal permanent envir-

onmental effects for WW and T, and R σ2e11 σ2e12
σ2e21 σ2e22

� �
is the

matrix of (co)variances between residual effects for
WW and T.
In model 1, maternal effects were only estimated for WW.

In this case, it is assumed that the covariance between
additive and maternal genetic effects was equal to 0, as the
data structure did not allow this parameter to be estimated
adequately. This was the case because performance infor-
mation for WW was not available for some of the cows, and
performance information for maternal grandprogeny was not
available for many bulls. Estimates of restricted maximum
likelihood (REML) for variance components in model 1
were obtained using AIREMLF90 software (Misztal, 2013).
Concerning model 2, the two-trait animal model included
the same effects described for model 1, but assumed a linear
model for WW and threshold model for T (thus, it was linear-
threshold model). As T was defined through ranked and
mutually exclusive categories, the assumed model includes a

set of three thresholds (t1, t2 and t3) corresponding to
the values in the underlying scale (under the assumption
that t0 = −∞ and t4 = ∞), such that if Y< t1, T = 1; if
t1< Y< t2, T = 2; if t2< Y< t3, T = 3; and if Y> t3,T = 4.
Variance components were estimated via Bayesian inference
using THRGIBBS1F90 software (Misztal, 2013). Under model
2, three chains of 200 000 iterations were generated in
parallel, and the samples were saved every 50 iterations.
Non-informative a priori distributions were defined for all
effects and genetic variances. The initial values of each chain
were set such that they were generated from points that
were widely dispersed in the parameter space, as recom-
mended by the Gelman and Rubin (1992) test, which was
used to diagnose convergence.

Pearson’s and Spearman’s correlations and estimated
accuracies between different models
To provide a comparative evaluation of the predictions
obtained using the two models, the association between
EBVs for temperament was tested considering all of the
animals in the data file, the best 20% of animals (defined
using model 2 as the standard) and the best 20% of
bulls, using Spearman’s correlation (rank correlation). The
percentages of agreement in the classification for all bulls
present in the data file, bulls showing > 70% accuracy and
bulls showing 70% or less accuracy for temperament EBVs
were also used to compare models 1 and 2 considering
the agreement in the EBVs ranking among the top 20%
and among the 20% worst bulls, as well as Pearson’s and
Spearman’s correlations between animal EBVs from these
groups. Estimated accuracies of the EBVs for bulls and
cows were also calculated to compare the different models.
These accuracies were based on estimates of the variance
of the prediction error or the standard deviation of the
marginal posterior distribution of EBVs under models 1
and 2, respectively.

Results

Approximately 78% of the animals received scores of 1 and 2,
indicating that the studied population generally consisted of
animals with a milder temperament. The number of observa-
tions for WWwas greater than that for the measurements of T,
which also resulted in a slightly larger mean size of GCw for
WW (Table 1). This finding is due to the exclusion of inferior
animals before becoming yearlings on some farms, the period
when T values were collected and the fact that T began to be
evaluated in this program after the collection of weight data
had begun. There was a decreasing concentration of T scores
corresponding to classes 2, 1, 3 and 4, respectively.

Estimates of variance components and the heritability of
T and WW
Under the linear-linear model (Table 2), the estimated herit-
ability for temperament was of a moderate magnitude
(0.22 ± 0.0032) and was near the mean of the posterior
marginal distribution estimated for this parameter under the
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linear-threshold model (0.26) (Table 3). This result was not
unusual because the same fixed and random effects were
included in both models. Moreover, the structure of the
correlations between T and WW may have contributed to the
similarity in the obtained genetic parameter estimates,
because WW was analyzed under a linear model in models 1
and 2. The direct heritability estimated for WW was moder-
ate (0.20) in both models. However, the maternal effect had
considerable influence because at this stage the calf depends
greatly on the mother.

Genetic correlations between weaning weight and
temperament score and rank correlation between
temperament EBVs and accuracies
The genetic correlation coefficients between T and WW
estimated by both models used in this study were similar,
such that the REML estimates and means of the marginal
distribution for these parameters were approximately− 0.33.
Although such values are weak, the coefficients were in a

favorable direction, suggesting a desirable relationship
between the studied traits, in the sense that more docile
animals exhibit higher weights compared with those with a
more agitated temperament. The rank correlation estimates
of the EBVs for temperament (defined using model 2 as the
standard), considering the two-trait analyses, were above
99%: at 0.992 for all animals, 0.994 for the best 20% of
animals and 0.975 for the best 20% of bulls. When only bulls
were considered, the percentage of agreement in the classi-
fication of EBVs for T by the two models was also very high
and very similar when ranking the top 20% and the worst
20% of bulls, at 94.0% and 93.8%, respectively (Table 4).

Table 1 Descriptive statistics for the data set used to estimate variance components for temperament (T) and weaning weight (WW) in Nellore cattle

Trait n CG SCG Score 1 Score 2 Score 3 Score 4

T 189 347 5808 33 (26) [4; 285] 55 014 (29%) 92 342 (49%) 37 990 (20%) 4001 (2%)

Mean (s.d.) Min Max

WW (kg) 230 108 6143 37 (31) [10; 385] 186.8 (30.9) 76 295

WW (kg) Without Score Score 1 Score 2 Score 3 Score 4

Mean (s.d.) 188.18 (31.7) 192.0 (31.1) 185.6 (30.5) 181.3 (29.7) 182.6 (30.0)

n = number of observations; CG = number of contemporary groups; SGC = mean number (standard deviation, in parentheses), [minimum and maximum, in brackets]
for animals in each contemporary group; Score 1 to Score 4 for T = number (percent of total in parentheses) of animals in each temperament score class; Mean, (s.d.),
Min and Max = mean, standard deviation, minimum and maximum values for observations of WW, respectively; Score 1 to Score 4 for WW = Mean and (s.d.); Without
Score = Mean and s.d. of animals not measured for T score.

Table 2 Estimates of variance components and genetic parameters for
weaning weight (WW) and temperament score (T) of Nellore cattle
obtained via restricted maximum likelihood using a linear-linear model

Trait Parameter Estimate s.e.

WW σ²a 76.162 0.1774
σ²m 65.792 0.1533
σ²ap 49.597 0.1155
σ²e 190.09 0.5604
h 2

a 0.1995 0.0029
h2

m 0.1723 0.0029
T σ²a 0.1039 0.0002

σ²e 0.3783 0.0011
h 2

a 0.2155 0.0032
cova − 0.9382 0.0048
cove − 0.5099 0.0177

WW-T rg − 0.3334 0.0093
re − 0.0601 0.0034

σ²a, σ²m, σ²ap, σ²e = estimates of direct additive genetic, maternal additive
genetic, maternal permanent environmental and residual variances, respec-
tively; h 2

a and h
2
m = estimates of direct and maternal heritability, respectively;

cova and cove: estimates of genetic and residual covariance between WW and T,
respectively; rg and re = estimates of genetic and residual correlation coeffi-
cients, respectively.

Table 3 Marginal posterior distributions of the variance components
and genetic parameters for weaning weight (WW) and temperament
score (T) of Nellore cattle obtained via Bayesian inference under a
linear-threshold model

Trait Parameter
Mean

estimate s.d.
HD95.
low HD95.up ESS

σ²a 76.146 4.761 67.60 84.33 412
σ²m 66.104 4.196 58.49 74.75 174

WW σ²ap 49.251 3.909 41.30 56.12 183
σ²e 190.253 3.571 184.80 195.6 625
h 2

a 0.1994 0.0122 0.1782 0.2205 408
h 2

m 0.1731 0.0110 0.1526 0.1954 173

σ²a 0.0944 0.0054 0.0850 0.1042 1406
T σ²e 0.2706 0.0484 0.1949 0.3674 12 606

h 2
a 0.2621 0.0290 0.2056 0.3156 5125

thr3 1.524 0.3271 1.019 2.154 12 000

cova − 0.9101 0.0928 − 1.094 − 0.7477 762
WW-T cove − 0.5213 0.0873 − 0.6904 − 0.3613 1155

rg − 0.3397 0.0322 − 0.4016 − 0.2808 573
re − 0.0729 0.0102 − 0.0906 − 0.0531 823

σ²a, σ²m, σ²ap, σ²e = estimates of direct additive genetic, maternal additive
genetic, maternal permanent environmental and residual variances, respec-
tively; h 2

a and h
2
m = estimates of direct and maternal heritability, respectively;

thr3 = threshold separating categories 3 and 4 for T (the first two thresholds
were set at 0 and 1, respectively); Mean estimate and s.d.: mean and standard
deviation of the estimates for the marginal posterior distribution; cova and
cove = estimates of genetic and residual covariance between WW and T,
respectively; rg and re = estimates of genetic and residual correlation coeffi-
cients, respectively; HD.low and HD.up = lower and upper limits of the cred-
ibility interval at a 95% confidence, respectively; ESS = effective sample size.
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As expected, among the bulls with EBVs with >70% accu-
racy, the percentage of agreement was higher for both the
best 20% (97.5) and the worst 20% of bulls (95.0%) com-
pared with the 20% of bulls showing EBVs with accuracies of
⩽70% (91.9% for both groups). Pearson’s and Spearman’s
correlations between the EBVs of bulls predicted by the
two models were close to 1 (Table 4). Considering only the
cows with data on T for the performance of their progeny,
the mean estimated accuracies for the EBVs were similar,
at 0.329 and 0.334 in the linear-linear and linear-threshold
models, respectively. In the case of bulls, the mean esti-
mated accuracies were equal to 0.679 and 0.671 for
models 1 and 2, respectively.

Discussion

The temperament is heritable
The T score proved to be heritable and therefore likely to
respond to direct selection. The similar heritability estimates
for T obtained in the two models may have occurred because
of the reasonable phenotypic variability of T scores within
groups and/or because of the fact that a greater number of
categories (four) allowed the threshold model to be more
similar to the linear model (Tables 2 and 3). Although 78% of
the animals were scored 1 and 2, there were still 22% in
other categories representing a considerable variation for T
trait, because in this Nellore breeding program animals
receiving the greatest score (worst temperament) were dis-
carded. In addition, according to Adamczyk et al. (2013),
long-term culling of aggressive cattle caused a marked
increase in the proportion of cattle with a calm temperament.
In the present study, the credibility interval at a 95%

probability for the heritability of T in the linear-threshold
model included the interval between 0.20 and 0.32, whereas
that for the heritability estimated for the direct effect on WW
included the interval between 0.8 and 0.22 (Table 3).

According to Gianola and Foulley (1990), determining this
interval is a major advantage of Bayesian inference, even
when using non-informative priors, as they are narrower
than the confidence intervals in frequentist methodologies.
The results obtained in the present study for the herit-

ability estimates are within the range of values reported in
the literature. Sant’anna et al. (2013) evaluated T scores
under a threshold model in Nellore cattle and reported lower
estimates of heritability than were found in the present study
(h² = 0.15), whereas the heritability estimates for T mea-
sured on the basis of flight speed, crush score and movement
score were 0.35, 0.19 and 0.19, respectively. Hoppe et al.
(2010) tested different methods for measuring the tempera-
ment of cattle of the European breeds German Angus,
Charolais, Hereford, Limousin and Simmental and reported
heritability values ranging from 0.15 ± 0.06 to 0.36 ± 0.06.
Working with Zebu cattle (Brahman and its crossbreeds),
Kadel et al. (2006) measured temperament using different
methods (flight time, flight speed and crush score) and
obtained estimates of heritability ranging from 0.15 to 0.19,
with standard errors ranging from 0.02 to 0.03.
Temperament behavior in cattle is characterized by a high

individual variation and this could be because of several
sources like age and sex of animals, genotypes and mainly
because of the different methods used to assess this trait. In
a recent review on this matter, Adamczyk et al. (2013)
reported variation coefficients ranging from 26% to 43% and
heritability estimates for cattle temperament from 0 to 0.70.
According to Forkman et al. (2007), there is consistency
between fear tests in cattle and their physiological parameters;
however, there is little or no relationship between the tests,
possibly because of different tests used and different breeds.
Despite the above statement, Sant’anna et al. (2013) found
high genetic correlation between different assessments of T,
ranging from 0.76±0.06 to 0.99± 0.02 between flight speed
and movement score and crush score and movement score,
respectively, for Nellore cattle.
The direct heritability estimated for WW was moderate

(0.20) in both models. This value was similar to those reported
for beef cattle under a tropical environment but smaller than
that reported by Lopes et al. (2013) (0.61± 0.02) and San-
t’anna et al. (2013) (0.27), who also worked with zebu cattle.
The estimated heritability (h2m) for the direct maternal effect
(0.17) was also moderate. Although this result was expected
because the calf depends on its mother during suckling, the
value was higher than those reported in studies with Nellore
cattle in tropical regions (Lopes et al., 2013, 0.08± 0.005) but
similar to that estimated by Eler et al. (1995) (0.17± 0.03).
However, it should be noted that these authors considered
the covariance between direct and maternal genetic effects to
be non-zero, which may have influenced the values of the
estimates of the variances and the genetic parameters
obtained. In the present study, the large amount of informa-
tion on WW, combined with the connectivity between the
herds and the presence of multiple offspring per cow in the
data file,was likely responsible for the higher estimates
obtained for h2m.

Table 4 Correspondence between the estimated breeding values (EBV)
of bulls for temperament assuming a linear (model 1) or threshold
model (model 2) for this trait

Situation1 Top 20% Bottom 20% Pearson Spearman

All 94.0 (167) 93.8 (177) 0.994 0.994
acc> 0.70 97.5 (120) 95.0 (120) 0.996 0.996
acc⩽ 0.70 91.9 (124) 91.9 (124) 0.990 0.990

Top 20% = proportion of coincident animals among the top 20% of bulls for
the EBV of temperament according to each model (1 or 2) as a %, followed by
the respective number of superior animals considered in each situation (between
brackets).
Bottom 20% = proportion of coincident animals among the worst 20% bulls for
the EBV of temperament according to each model (1 or 2) as a %, followed by
the respective number of inferior animals considered in each situation (between
brackets).
Pearson and Spearman = Pearson’s and Spearman’s correlation coefficients,
respectively, computed between the EBVs obtained for the temperament of bulls
in models 1 and 2.
1The statistics were computed considering: all bulls present in the data set (all),
only the bulls with an EBV accuracy >0.70 for temperament (acc> 0.70) or only
the bulls with an EBV accuracy⩽ 0.70 for temperament (acc⩽ 0.70).
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There is no antagonism in selecting heavier animals at
weaning with a calmer temperament
The estimated genetic correlations between WW and T
(−0.33 in both models) indicate that these traits can be
simultaneously selected and that selection applied to one of
them will have a moderate indirect effect on the other. The
results obtained in the present study were consistent with
those reported by Tulloh (1961), Voisinet et al. (1997) and
Muller and Von Keyserlingk (2006). Sant’anna et al. (2013)
estimated much lower genetic correlations between WW and
temperament, as measured using temperament scores (T)
and through other methods (flight speed, movement score
and crush score) in Nellore cattle (rg between − 0.06 and
− 0.08). According to these authors, one possible reason
for the small magnitude of these estimates of rg is that
there was a much larger number of observations for WW
(n ~108 000) than that for T (n = 23 420) or for the other
measures of temperament (n ~7400). The authors attributed
the weak association between these traits mainly to the human
visual assessment performed on the farms and suggested the
use of electronic equipment for assessing temperament. The
divergence of the results obtained by Sant’anna et al. (2013)
from those of the present study could also be explained by
the lower phenotypic variability of the population studied by
Sant’anna et al. (2013), in which 80% of the animals presented
a T score of 2. However, the more desirable phenotype for
T in that population can be attributed to genetic components
and/or associated with the handling of the animals, as well as
to differences in the measurement of T. This is the case because
the influence of management practices during collection and
some level of variation associated with the evaluator could bias
the measurements. Gauly et al. (2001) studied German Angus
(dual-purpose) and Simmental cattle and found that the
Simmental animals were more reactive and more difficult to
handle, obtaining negative correlations between daily weight
gain and reactivity, which also suggests that more reactive
animals are less productive. Working with Nellore cattle,
Barrozo et al. (2012) estimated small correlations between
T and reproductive traits and concluded that further studies
on T are necessary using the threshold model and/or other
approaches because of the discontinuous variation of this trait.

The T score can be analyzed using both linear and
threshold models
The rank correlations for the EBVs for temperament were high,
demonstrating that the linear-linear and linear-threshold
models ranked the animals very similarly. Moreover, the
models did not produce different accuracies for the EBVs. The
accuracies of the EBVs were lower in the cows (0.329 and
0.334 for the linear-linear and linear-threshold models,
respectively) compared with the bulls (0.679 and 0.671
for linear-linear and linear-threshold models, respectively)
because of the considerably smaller number of female
progeny with available information for T. It should be noted
that the differences in accuracy reported here should be
considered with caution because they were obtained using
different statistical models implemented such that different

approximations/procedures were involved in the estimation
of accuracies, and possible approximation errors could
affect such comparisons. In general, obtaining accuracies of
EBVs using complex models and a large number of obser-
vations is not a trivial problem because direct inversion of the
coefficient matrix is not possible, thus requiring the use of
approximations to calculate the accuracies of EBVs (Tier and
Meyer, 2004). Taking the lowest values obtained as a more
conservative estimate of accuracy, one expects the accuracy
of the EBVs of candidates for selection without progeny and
with information for T regarding their own performance in
this population to be ~0.55 on average.
The two models produced similar estimates of genetic

parameters, although the threshold model required a longer
computational processing time for the necessary analyses.
For practical purposes, there was no advantage of using the
threshold model for the genetic evaluation of temperament,
as no consistent changes in estimated breeding values were
predicted by the two models.
The T trait is easily measured and has a low implementation

cost, as the only requirement is good training of the personnel
in charge of herd management. Selection for calm animals on
farms would facilitate herd management, implying a reduction
in the amount of time the workers require to distribute the
herd. In addition, the handling of calmer animals decreases the
chance of injury to both the animals and the handlers.

Acknowledgments
The authors are thankful to the PAINT® breeding program (CRV
Lagoa Ltda.) for providing the data used in this study. C.R.S.L.
received a fellowship from CAPES (Brazilian Federal Agency
for Support and Evaluation of Graduate Education/Graduation
Program in Animal Breeding and Genetics, FCAV/UNESP).
H.H.R.N. was supported by a fellowship from FAPESP (São Paulo
Research Foundation). S.A.Q. received a researcher fellowship
provided by CNPq (National Counsel of Technological and Scienti-
fic Development).

References
Adamczyk K, Pokorska J, Makulska J, Earley B and Mazurek M 2013. Genetic
analysis and evaluation of behavioural traits in cattle. Livestock Science 154,
1–12.

Barrozo D, Bukansas ME, Oliveira JA, Munari DP, Neves HHR and Queiroz SA
2012. Genetic parameters and environmental effects on temperament score and
reproductive traits of Nellore cattle. Animal 6, 36–40.

Burrow HM 1997. Measurements of temperament and their relationship with
performance traits of beef cattle. Animal Breeding Abstracts 65, 477–495.

Burrow HM 2001. Variance and covariances between productive and adaptative
traits and temperament in a composite breed of tropical beef cattle. Livestock
Production Science 70, 213 –233.

CRV Lagoa 2013. Programa de Melhoramento Genético para Bovinos de corte
da CRV Lagoa. Retrieved September 10, 2013, from http://www.crvlagoa.com.
br/index.asp.

Eler JP, Van Vleck LD, Ferraz JB and Lôbo RB 1995. Estimation of variances due
to direct and maternal effects for growth traits of Nellore cattle. Journal of
Animal Science 73, 3253–3258.

Forkman B, Boissy A, Meunier-Salaun MC, Canali E and Jones RB 2007. A critical
review of fear tests used on cattle, pigs, sheep, poultry and horses. Physiology &
Behavior 92, 340–374.

Genetic analysis of Nellore cattle temperament

393

http://www.crvlagoa.com.br/index.asp
http://www.crvlagoa.com.br/index.asp


Gauly M, Mathiak K, Hoffmann M, Graus M and Erhardt G 2001. Estimating
genetic variability in temperamental traits in German Angus and Simmental
cattle. Applied Animal Behaviour Science 74, 109–119.

Gelman A and Rubin DB 1992. Inference from iterative simulation using multiple
sequences. Statistical Science 7, 457–472.

Gianola D and Foulley JL 1983. New techniques of prediction of breeding value
for discontinuous traits. Retrieved September 12, 2013, from http://poultry
science.org/docs/pba/1952-2003/1983/1983%20Gianola.pdf.

Gianola D and Foulley JL 1990. Variance estimation from integrated
likelihood (VEIL). Génetique Sélection Évolution 22, 403–417.

Hoppe D, Brandt HR, König S, Erhardt G and Gauly M 2010. Temperament traits
of beef calves measured under field conditions and their relationships to
performance. Journal of Animal Science 88, 1982–1989.

Kadel MJ, Johnston DJ, Burrow HM, Graser HU and Ferguson DM 2006. Genetics
of flight time and other measures of temperament and their value as selection
criteria for improving meat quality traits in tropically adapted breeds of
beef cattle. Australian Journal of Agricultural Research 57, 1029–1035.

Lopes FB, Magnabosco CU, Paulini F, Silva MC, Miyagi ES and Lôbo RB 2013.
Genetic analysis of growth traits in polled Nellore cattle raised on pasture in
tropical region using Bayesian approaches. PLos One 8, e75423.

Misztal I 2013. BLUPF90 family of programs. Retrieved October 21, 2013, from
http://nce.ads.uga.edu/wiki/doku.php.

Misztal I and Gianola D 1989. Computing aspects of a nonlinear method of sire
evaluation for categorical data. Retrieved September 12, 2013, from http://dx.
doi.org/10.3168/jds.S0022-0302(89)79267-5.

Muller R and Von Keyserlingk MAG 2006. Consistency of flight speed and its
correlation to productivity and to personality in Bos taurus beef cattle. Applied
Animal Behaviour Science 99, 193–204.

Sant’anna AC, Paranhos da Costa MJR, Baldi F and Albuquerque LG 2013.
Genetic variability for temperament indicators of Nellore cattle. Journal of
Animal Science 10, 3427–3432.

Tier B and Meyer K 2004. Approximating prediction error covariances among
additive genetic effects within animals in multiple-trait and random regression
models. Journal of Animal Breeding and Genetics 121, 77–89.

Tulloh NM 1961. Behaviour of cattle in yards. II. A study of temperament. Animal
Behaviour 9, 25–30.

Voisinet BD, Gradin T, Tatum JD, O’Connor SF and Struthers JJ 1997.
Feedlot cattle with calm temperaments have higher average daily gains
than cattle with excitable temperaments. Journal of Animal Science 75,
892–896.

Lucena, Neves, Carvalheiro, Oliveira and Queiroz

394

http://poultryscience.org/docs/pba/1952-2003�/�1983/1983%20Gianola.pdf
http://poultryscience.org/docs/pba/1952-2003�/�1983/1983%20Gianola.pdf
http://nce.ads.uga.edu/wiki/doku.php
http://dx.doi.org/10.3168/jds.S0022-0302(89)79267-5
http://dx.doi.org/10.3168/jds.S0022-0302(89)79267-5

	Genetic analysis of the temperament of Nellore cattle using linear and threshold�models
	Implications
	Introduction
	Material and methods
	Animals and data
	Description of the studied traits
	Data editing and contemporary groups
	Statistical analyses and models
	Pearson&#x2019;s and Spearman&#x2019;s correlations and estimated accuracies between different models

	Results
	Estimates of variance components and the heritability of T and WW
	Genetic correlations between weaning weight and temperament score and rank correlation between temperament EBVs and accuracies

	Table 1Descriptive statistics for the data set used to estimate variance components for temperament (T) and weaning weight (WW) in Nellore�cattle
	Table 2Estimates of variance components and genetic parameters for weaning weight (WW) and temperament score (T) of Nellore cattle obtained via restricted maximum likelihood using a linear-linear�model
	Table 3Marginal posterior distributions of the variance components and genetic parameters for weaning weight (WW) and temperament score (T) of Nellore cattle obtained via Bayesian inference under a linear-threshold�model
	Discussion
	The temperament is heritable

	Table 4Correspondence between the estimated breeding values (EBV) of bulls for temperament assuming a linear (model 1) or threshold model (model 2) for this�trait
	There is no antagonism in selecting heavier animals at weaning with a calmer temperament
	The T score can be analyzed using both linear and threshold models

	Acknowledgments
	ACKNOWLEDGEMENTS
	References


