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Abstract

The growing concern of consumers with the welfare of production animals searches welfare in a production system extremely important;
thus, the study of animal temperament is necessary to select less excitable temperament animals resulting in healthy development and fewer
accidents. The objective of this study was to estimate genetic parameters for traits related to animal temperament and growth traits of Nellore
cattle. In addition to exploring the genetic pattern of these traits through cluster and principal component analysis (PCA), to reveal possible
groups of individuals that express less excitable temperament and greater growth. A total of 2,332 measurements from 1,245 male and female
Nellore cattle born between 2008 and 2016 were utilized in the study. The (co)variance components were estimated by Bayesian inference using
a two-trait animal model. The heritability for temperament score (TS), flight speed (FS), body condition score (BCS), live weight (LW), and hip
height (HH) were 0.08, 0.12, 0.06, 0.13, and 0.48, respectively. The genetic correlation between the temperament indicator traits was strong
and positive (0.78 £ 0.24). The TS and FS showed a favorable or null genetic correlation with LW, BCS, and HH. The third cluster included animals
with low EBV for TS and FS and with high EBV for BCS, LW, and HH. In the PCA, the PC1 was what best evidenced the aim of this study; thus,
our findings suggest that we could explore select animals based on cluster 3 and PC1 in breeding programs to select Nellore cattle with less
excitable temperament and greater growth.

Lay Summary

In our manuscript, we estimated the genetic parameters for indicator traits for animal temperament and growth traits in Nellore cattle, and we
use the estimated breeding value of the evaluated animals in cluster analyses and principal component analyses to assess whether there are
groups within the population that can be used as candidates for selection.
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Introduction mal or one of calmer temperament is not only associated with
ease in handling but also with other economically important
traits (Maffei, 2009; Costilla et al., 2020).

Animals with more excitable temperaments or aggressive
behavior, both in confinement and/or in extensive systems,
may exhibit production problems since they gain less weight
(Hoppe et al., 2010; Sant’Anna et al., 2012, 2013; Lucena et
al., 2015); display inferior meat quality (Kadel et al., 2006;
Cafe et al., 2011; Francisco et al., 2015); retain inferior
reproductive efficiency (Barrozo et al., 2012; Rueda et al.,
2015; Cooke et al., 2017); and are more susceptible to dis-
eases, due to compromised immune systems based on physi-
ological stress indicators, such as elevated concentrations of
basal serum cortisol in more excitable animals (Curley Jr et

The increasing demand for food derived from animals in
the last decades resulted in an intensification of production
systems that were often not concerned with the issue of sus-
tainability and especially the welfare of animals. However,
in recent years, this issue has become increasingly relevant.
According to Alonso et al. (2020), consumers’ concerns about
animal welfare can prevent them from consuming that kind
of product, influencing the sustainability systems.
Temperament assessments of domestic animals are an
essential tool that may be employed to improve production
systems, given that animals with more excitable temperaments
are significantly more difficult to handle. This represents a
risk factor for animal handlers and the animals themselves, -
generating additional costs due to increased handling time al., 2008; Burdlck et al,, 201,1; Bates et al., 2014). For these
and the incidence of work accidents (Fordyce et al., 1988; reasons, selecting animals with calmer temperaments should

Grandin, 1993; Maffei, 2009). However, a less excitable ani- be beneficial for enhancing animal performance, welfare, and
’ ’ ’ ’ safety (Norris et al., 2014).
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Some studies suggest that temperament may respond to
selection (Prayaga et al., 2009; Sant’Anna et al., 2013; Lucena
et al., 2015). The heritability estimates for cattle are gener-
ally of low to moderate magnitude and vary according to the
method, population, and breed, indicating that this trait can
be modified by selection (Fordyce et al., 1982; Hoppe et al.,
2010; Burdick et al., 2011).

Several studies in Nellore cattle found heritability estimates
for temperament scores that varied between 0.15 and 0.26
(x0.03) (Barrozo et al., 2012; Sant’Anna et al., 2013, 2015;
Lucena et al., 2015; Valente et al., 2015). Heritability esti-
mates for flight speed for the Nellore breed varied between
0.21 (£0.03) and 0.35 (Sant’Anna et al., 2012, 2013, 2015;
Valente et al., 2015, 2016). Favorable genetic correlations
between temperament and production traits were observed
in some studies (Hoppe et al., 2010; Sant’Anna et al., 2015),
indicating that genetic selection for improving animal temper-
ament will result in an indirect genetic increment in produc-
tion, such as in the study conducted by Lucena et al. (2015),
which found a genetic correlation of -0.33 (x0.01) between
the temperament score and weaning weight in Nellore cattle.
In other words, the worse the temperament scores, the lower
the weaning weight of the animal.

Multivariate cluster analysis, also known as multivariate
clustering, is largely used to evaluate temporal and spatial
variations and to interpret large and complex data sets. (Hair
et al., 2009). Is indeed a powerful statistical tool used to
explore large datasets where multiple variables are evaluated
simultaneously (Oliveira et al., 2018). This analysis aims to
identify and group individuals or objects based on the sim-
ilarity of their traits or attributes. However, this method is
still not widely applied in animal breeding studies to group
animals based on estimated breeding values of important eco-
nomic traits (Oliveira et al., 2018).

The process of multivariate cluster analysis involves sev-
eral steps. First, a set of variables or attributes is selected
based on the research question or problem at hand. These
variables should be relevant and meaningful in the context
of the analysis. Examples of variables could include demo-
graphic information, behavioral traits, or performance mea-
sures. Next, a distance or similarity measure is applied to
quantify the dissimilarity or similarity between pairs of indi-
viduals based on their values for the selected variables (Back-
haus et al., 2021).

The resulting clusters are then interpreted and analyzed
to gain insights into the underlying patterns or subgroups
present in the data. This analysis can help identify distinct
segments within a population, uncover relationships between
variables, or discover hidden structures within the dataset.

Cruz et al. (2016) used multivariate cluster analysis to
identify additive genetic patterns for the persistency of lac-
tation in Guzera cattle. Savegnago et al. (2016) identified
additive e genetic patterns of Holstein to select animals that
met the selection goals of the breeding program using cluster
analysis.

Similar to Multivariate cluster analysis, principal compo-
nent analysis (PCA) is a widely used statistical technique for
dimensionality reduction and data exploration (Johnson and
Wichern, 2007). It is particularly useful when dealing with
datasets that have a large number of variables or features. The
main objective of PCA is to transform the original variables
into a new set of uncorrelated variables, known as principal
components while retaining most of the information present
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in the data. Overall, PCA is a powerful tool for exploring and
understanding the underlying structure of high-dimensional
data. It allows for data reduction while preserving the essen-
tial information, facilitating further analysis and interpreta-
tion (Vargas et al., 2018).

The objectives of this study were to 1) estimate the genetic
parameters for indicator traits for animal temperament and
growth traits in Nellore cattle; 2) use the estimated breeding
value of the evaluated animals in cluster analyses to assess
whether there are groups within the population that can be
used as candidates for selection; 3) investigate the feasibility
of the PCA to genetically select for a specific breeding objec-
tive based on calm temperament animals with high merit to
growth trait.

Materials and methods

The experimental procedures of this study were approved
by the Ethics Committee of the Animal Science Institute of
Sao Paulo State, Brazil (Protocol 192-14). The study was con-
ducted with data from the Beef Cattle Research Center of the
Institute for Animal Sciences/APTA/SAA, Sertiozinho, Sio
Paulo, Brazil, from October 2014 to August 2017.

The beef cattle selection program works with three Nel-
lore selection lines. The control (NeC) line is a closed line in
which sires from the same center were used, and the animals
were selected for average postweaning weight. The selection
(NeS) line is another closed line, while the traditional (NeT)
line is an open line in which sires from other populations
both within and outside the same center were used, particu-
larly during the early years of the breeding program. In the
NeS and NeT lines, the animals were selected for the high-
est differentials to increase postweaning weight (Cardoso et
al., 2018; Freitas et al., 2021). The animals were weighed
at calving, at 120 d of age, and after weaning at 210 d of
age (when the assessment began). After weaning, all of the
animals were selected for yearling weight (YW) where they
were weighed at the beginning, middle, and end of the per-
formance test. In general, males were sold or slaughtered
after the performance test. The females that were selected
to remain in the herd were weighed three times per year,
at the beginning and end of the mating season (November
and February, respectively), and the weaning of the calves
in May.

Table 1 summarizes the descriptive data of the genetic anal-
yses. A total of 2,332 records from 1,245 Nellore cattle, of
which 440 were male, and 805 were female, were used. The
animals came from three selection lines, were born between
2008 and 2016, and were divided into six age classes. class 1:
7 mo to 1 yr; class 2: 1 to 2 yr; class 3: 2 to 3 yr; class 4: 3 to
4 yr; class 5: 4 to 5 yr, and class 6: above 5 yr of age (Figure
1). Of the 1,245 animals analyzed, 596 were recorded only
once (in the majority consisted of animals born at the end
of 2016 and that were males recorded before the slaughter),
310 animals were recorded twice, and 339 underwent three
or more recordings.

The behavioral and growth traits were observed/measured
for all animals in the herd. At the same time, they were han-
dled in corrals for routine farm procedures (e.g., weighing,
vaccination, and blood collection) to assess the behavior of
the animals in their regular environment. After vaccinations
or blood sample collections, the handlers moved away from
the animal and waited about 30 s before releasing the animal.
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Table 1. Descriptive statistics of the analyzed dataset

Trait N Mean Minimum Maximum SD CG
TS 999 2.30 1.00 5.00 1.09 39
FS (m/s) 1,040 1.98 0.07 10.71 1.12 42
BCS 642 5.98 2.00 9.00 1.07 31
Live weight (kg) 1,076 348.73 96.00 901.00 127.48 37
Hip height (m) 529 1.37 1.05 1.62 0.09 31
Age (d) 1,245 657.00 210.00 2,432.00 510.86 42

TS, temperament score; FS, flight speed; BCS, body condition score; N, number of animals; SD, standard deviation; CG, number of contemporary groups.
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Figure 1. Distribution of the number of animals per age class in years.

The animals were evaluated in three different corrals existing
in the Center. Therefore, the recording of the traits was con-
ducted at random in the three corrals according to the farm’s
study schedule.

The body condition score (BCS) of the animals was
determined by a single, adequately trained observer on a
scale from 1 to 9, where 1 corresponded to an emaciated
animal and 9 to an extremely obese animal (Nicholson
and Butterworth, 1986). Hip height (HH, in meters) was
measured using a measuring tape fixed to the chute, and
the live weight (LW) was determined using a digital scale.
These measurements were conducted simultaneously with
the temperament assessments.

The behavior of the animals during restraint was evalu-
ated using a temperament score (TS) adapted from Fordyce
et al. (1982), which ranges from 1 to 3, classifying the animal
as very calm (1), characterized by gentle movements of the
head during containment; little agitated (2), defined by the
movement of the head and body, taking a maximum of one
step; agitated (3), hectic movements of the head and body
and attempts to walk in the chute; very agitated (4), defined
when the animal shakes the head frequently, moves a lot, and
tries to walk in the chute, and struggling (5), characterized by
struggling of the animal, with brisk movements, attempting to
escape from the handler during restraint.

The flight speed (FS) was measured with specific equipment
installed on metal support at the exit of the chute, which ana-
lyzed the time spent by the animal to move 1.5 m towards
the exit. The recorded times were converted into meters per
second (m/s). Many of the exit velocity or time tests that are
currently used are adapted from the flight speed test (Burrow
et al., 1988), with alterations in distance (Paranhos da Costa
et al., 2002; Cafe et al., 2011). In this evaluation, higher flight
speeds are associated with greater excitability of the animal.

A preliminary analysis of variance was performed using the
GLM procedure of the SAS program (SAS Inst. Inc., Cary,
NC, USA) to determine which nongenetic effects should

be included in the model. The models for all of the traits
included the fixed effects of age class nested in sex; contem-
porary group, which was composed of the selection lineage,
year of birth, year of recording and handling corral; and an
interaction between sex and contemporary group. Contem-
porary groups with at least five observations were kept in the
analyses. The genetic effects for all traits included direct addi-
tive genetic, permanent environmental, and residual effects as
random effects.

The (co)variance components for all of the traits were esti-
mated with the software GIBBS2F90 (Misztal et al., 2002)
by Bayesian inferences via the Gibbs sampling, using a two-
trait animal model. A single chain of 500,000 cycles was per-
formed, with a conservative burn-in period of 50,000 cycles
and a thinning interval of 50 cycles. Thus, 9,000 samples were
effectively used to obtain the means, standard deviations, and
highest posterior density intervals of the variance compo-
nents and genetic parameter estimates. Convergence was ver-
ified using Geweke’s criterion (Geweke, 1991). The posterior
estimates were obtained using the POSTGIBBSF90 software
(Misztal et al., 2002).

The model can be written in matrix form, as follows:

y=XB8+Za+ Wpe+e¢

where y corresponds to the vector of observations; B is the
vector of the fixed effects (contemporary group, interaction
between sex and contemporary group and age class nested
in sex); a symbolizes the vector of random direct additive
genetic effects; pe is the vector of random permanent envi-
ronmental effects; € represents the vector of random resid-
ual effects; X, Z, and W are incidence matrices that assign
observations to fixed effects and random additive genetic,
permanent environmental, and residual effects, respectively.
Faria et al. (2008) and Pires et al. (2010) did not observe
differences in the genetic parameters for visual scores using
either a threshold or a linear model for a similar variable



in Nellore cattle. Therefore, the following assumptions were
made:

B o constant

2|G ~ NMV[0,(G ® A)]

pe| P ~ NMV[0,(P @ In)]
e|R ~ NMV[0,(R ® In))
G| Sg vg ~ IW([Sgvg, vg]
P|Sp, vp ~ IW[Sp vp, vp]

R | Sryvr ~ IWI[S, v,, v

where A, G, P, R, and In represent the additive genetic rela-

tionship matrix amongst animals (2,791 animals), the cova-

riance matrix between traits for additive genetic, permanent

environmental, and residual effects, and an identity matrix of

order n, respectively; ® symbolizes the Kronecker product; S

andv,S andv,and S and v_correspond to prior values an
& p v v

the degrees of freedom for direct additive genetic, permanent

environmental, and residual covariances, respectively.

In the multivariate analysis of the data, the genetic val-
ues for all traits were estimated with the BLUPF90 software
(Misztal et al., 2002), where the values of (co)variances
previously estimated by bi-traits analysis were fixed. Only
predicted breeding values (EBVs) from 1,245 animals with
information were used in the multivariate analysis.

The hierarchical and nonhierarchical cluster analyses
were performed using the EBVs of all traits. As described by
Oliveira et al. (2018), the aim was to group animals based on
the similarities of their EBVs and then to evaluate the additive
genetic pattern of the groups formed within the studied pop-
ulation. Initially, all of the genetic values were standardized
with means equal to 0 and a standard deviation of 1.

Hierarchical cluster analysis was used to determine the
number of clusters into which the population could be
divided. The Euclidean distance was used as a measure of sim-
ilarity between the animals and the Ward cluster algorithm
(Ward Jr., 1963) was used to form the groups (Savegnago et
al., 2016).

The analysis of nonhierarchical groupings was conducted
using the k-means method (Hartigan, 1975; Hartigan and
Wong, 1979) to explore the additive genetic pattern of the
clusters, based on the breeding values of the evaluated traits.
The cluster analysis was carried out using CLUSTER proce-
dure of the SAS statistical program (SAS Inst. Inc., Cary, NC,
USA).

PCA consists of a summary of important information from
multivariate data in sets of new variables named principal
components (PCs), reducing the number of variables (Johnson
and Wichern, 2007). In animal breeding, these new variables
can be used to study the associations between multiple traits
using the magnitude and direction of the PCA coefficients
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(in the eigenvectors) for each trait (Vargas et al., 2018). The
PC eigenvalue is associated with the variance of all five traits
included in the PC. Each eigenvalue has a corresponding uni-
tary vector named eigenvector which represents the strength
and direction of the variance of each variable within the PC
and eigenvectors with positive or negative loadings above 0.5
are more strongly bound to their components. Thus, in prac-
tice, PCs are a combination of traits that potentially have a
biological meaning.

There are different criteria to determine how many com-
ponents should be excluded from the analysis, in this study
we used the Kaiser criterion i.e., eigenvalue greater than 1.0
(Kaiser, 1960) to identify the PCs that explained the largest
proportion of the total genetic variation of the traits. The first
PC explains the largest percentage of the variation of genetic
variance of the traits, the second PC explains the second larg-
est percentage, and so on.

The PCA also was performed using the EBVs of the all
traits studied, just as in cluster analysis, the EBVs were stan-
dardized with means equal to 0 and a standard deviation of
1. The PCA was carried out using PRINCOMP procedure of
the SAS statistical program (SAS Inst. Inc., Cary, NC, USA).

Results

Estimation of genetic parameters

The direct additive genetic variance was higher than the per-
manent environmental variance for TS and HH, indicating
that the effect of the permanent environment had a lower
contribution to the phenotypic variability of these traits. On
the other hand, for FS, LW, and BCS, the permanent environ-
mental variation was the primary cause of phenotypic varia-
tion (Table 2).

The studied behavioral traits, TS and FS, exhibited low
heritability, indicating greater environmental effects for these
traits. The repeatability estimates for the same traits ranged
from low to moderate (Table 2). The heritability for BCS, LW,
and HH ranged from low to moderate, and their repeatability
ranged from moderate to high.

The genetic correlation between TS and FS was positive
and high, indicating that the lower the TS, the lower the
flight speed of the animals and, consequently, the calmer their
temperament during handling. The correlations between the
behavioral and growth traits were mostly negative, with mag-
nitude ranging from low to moderate (Table 3), except for
the correlations between TS and HH, and FS and BCS which
were positive, but both with high standard deviation. The
genetic correlations between TS and BCS, and FS and LW,
even with high HPD intervals, may be indicative that calmer
temperaments can be related to higher performance. The
results of this study highlight the importance of identifying
animals with calmer temperaments because docile animals
tend to have greater growth potential. All the values of phe-
notypic correlations between temperament and growth traits
were zero or close to zero, except for FS x TS (Table 3).

Clustering analysis
The hierarchical clustering analysis using the EBVs of animals
was performed and generated the dendrogram presented in
Figure 2, in which it was possible to observe the clustering of
the population into three large clusters.

The genetic patterns of each of the three major groups,
established using the standardized genetic values of the
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animals, are shown in Figure 3. Group 1 included animals
with EBV for TS, FS, and HH above the mean of the popu-
lation, EBV for BCS below the mean, and EBV for LW close
to the mean of the population (zero). Group 2 was composed
of animals with EBV for TS and BCS close to the mean of the
population (slightly below and slightly above, respectively),

Table 2. Posteriori mean, standard deviation, and 95% high posterior
density (HPD) for the estimates of genetic parameters for each assessed
trait

Mean Standard HPD 95%
deviation
Temperament score (TS)
02, 0.08 0.03 0.02 to 0.15
OZPC 0.04 0.03 0.00 to 0.11
0?, 0.85 0.04 0.77 t0 0.93
h? 0.08 0.03 0.02 to 0.15
r 0.12 0.04 0.05 to 0.19
Flight speed (FS)
02, 0.11 0.04 0.04 to 0.19
()Zpe 0.14 0.04 0.06 to 0.23
02, 0.63 0.03 0.57 to 0.69
h? 0.12 0.04 0.04 to 0.21
r 0.24 0.03 0.18 to 0.31
Body condition score (BCS)
02, 0.03 0.02 0.01 to 0.08
OZPe 0.21 0.03 0.16 to 0.27
02, 0.27 0.02 0.24 to 0.31
h? 0.06 0.04 0.01 to 0.15
r 0.48 0.03 0.41 to 0.15
Live weight (LW)
02, 229.68 88.12 84.58 to 481.44
Olpe 934.77 88.49 761.28 to 1,107.13
02, 606.41 30.02 550.75 to 667.11
h? 0.13 0.05 0.05 to 0.23
r 0.66 0.02 0.62 to 0.69
Hip height (HH)
02, 0.0009 0.0002 0.000 to 0.001
UZPC 0.0005 0.0001 0.000 to 0.001
0?, 0.0004 0.0003 0.0004 to 0.0005
h? 0.48 0.07 0.34 to 0.62
r 0.77 0.02 0.73 to 0.81

02, direct additive genetic variance; 02, permanent environmental
variance; 02, residual variance; b2, heritability; 7, repeatability.

EBV for FS above the mean, and EBV for LW and HH below
the mean. Group 3 was composed of animals with EBV for TS
and FS below the mean, EBV for BCS slightly above the mean
of the population, and EBV for LW and HH above the mean
of the population (Figure 3).

PCA

Table 4 presents the eigenvalues, proportion, and cumula-
tive sum of the explained variance over the five components.
According to the Kaiser’s criterion (Kaiser, 1960), the first
three PCs were chosen explaining 99.3% of the total variance
of the EBVs.

Table 5 shows the eigenvector coefficients for the first three
PCs. From the five original dimensions using the eigen-de-
composition, PC1 explained 49.4% of the total variation and
had contrasting coefficients for temperament. The variables
that most contributed to this component were FS and LW,
with contrasting coefficients, reflecting those animals with a
higher LW and calmer temperament. The PC2 accounted for
28.6% of the total genetic variation and in this component,
highlighted the high positive loading for TS and HH, reflect-
ing those animals with a higher HH and more temperamental
according to TS. The PC3 accounted for 21.4% of the total
genetic variation, where the strongest correlation was with
BCS.

Discussion

The estimated heritability regarding the TS was lower than
those reported heritabilities in the literature for bovine ani-
mals of the Nellore breed ranging between 0.15-0.21 (Bar-
rozo et al., 2012; Sant’Anna et al., 2013, 2015; Valente et al.,
2015). The heritability estimate for FS for Nellore cattle was
also considerably lower than those in the literature, ranging
between 0.21 and 0.35 (Sant’Anna et al., 2012, 2013, 20135;
Valente et al., 2015, 2016).

As well as the research conducted by Sant’Anna et al.
(2013, 2015) and Valente et al. (2014) with Nellore beef cat-
tle, the FS retained slightly higher heritability than when com-
pared with the TS. The permanent environment effect had a
more significant contribution to the phenotypic variability of
the FS. Thus, the low heritability estimates described in the
present study may have been due to the fact that those traits
were measured in animals with a large age difference, differ-
ent from the age of the animals in the studies by Sant’Anna
et al. (2012) and Valente et al. (2015), which were about 495
and 550 d, respectively.

Nevertheless, genetic gain by way of selection regarding FS
and TS can still be accomplished, given the impact that these
traits cause on traits of economic importance and mainly

Table 3. Genetic and phenotypic correlations (above and below the diagonal, respectively), respective standard deviations, and 95% high posterior

density (HPD) between parentheses for the analyzed traits

TS FS BCS LW HH
TS 0.78 = 0.24 (0.20 t0 0.99)  -0.37 = 0.35 (=0.96 t0 0.35)  -0.29 = 0.31 (~0.83 t0 0.33)  0.09 = 0.29 (~0.42 to 0.86)
FS (m/s)  0.20 = 0.04 (0.13 to 0.28) 0.19 = 0.44 (-0.71t0 0.97)  -0.47 = 0.29 (~0.97 t0 0.11)  -0.18 = 0.19 (~0.54 to 0.22)
BCS ~0.06 = 0.04 (-0.14 t0 0.02)  -0.01 = 0.04 (=0.10 to 0.07) 0.10 = 0.42 (-0.84 t0 0.74)  0.16 = 0.37 (~0.61 t0 0.97)
LW (kg)  -0.02 = 0.04 (~0.10 t0 0.05)  0.001 = 0.04 (~0.08 t0 0.08)  0.39 = 0.04 (0.12 to 0.26) 0.82 = 0.11 (0.58 to 0.99)
HH (m) -0.01=0.05(-0.10 t0 0.08)  ~0.04 = 0.05 (~0.14 t0 0.06) ~0.06 = 0.06 (~=0.11 t0 0.11)  0.30 = 0.05 (0.18 to 0.38)

TS, temperament score; FS, flight speed; LW, live weight; BCS, body condition score; HH, hip height of Nellore cattle.
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Figure 2. Dendrogram based on the predicted breeding values (EVBs) regarding the temperament score (TS), flight speed (FS), body condition score
(BCS), live weight (LW), and hip height (HH) using Hierarchical cluster analysis with Ward’'s method.
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Figure 3. Standardized means of the breeding values (EBVs) for the traits
used to divide Nellore cattle into three clusters by the k-means method.
EBV_TS, temperament score; EBV_FS, flight speed; EBV_BCS, condition
score; EBV_LW, live weight; and EBV_HH, hip height.

in the welfare of the animals, facilitating the handling, and
avoiding aggression.

Growth traits are essential to establish the economic effi-
ciency of any given production system (Laureano et al.,
2011). One measure that is commonly employed as a growth
indicator is LW, mainly due to its convenience. The estimated
heritability of LW in this study was also lower than values
found in other studies with the weight heritability in Nellore
animals ranging from 0.22 (=0.03) to 0.44 (+0.05), according
to age (Yokoo et al., 2009). However, animals that are reared
in extensive systems often exhibit periodic fluctuations in LW,
and, therefore, the heritability of this trait may vary according
to age, as described by Yokoo et al., (2009).

Another important growth indicator utilized in this study
was the BCS, which consists of a subjective measurement
obtained by the visual inspection of the animal’s muscle
mass and fat cover, enabling monitoring of the energetic
balance of the animals. In the present study, the heritabil-
ity regarding the BCS was lower when compared to what
is described in the literature for Nellore cattle: 0.23 (x0.05)
for BCS on a scale from 1 to 5 measured in Nellore females
at about four years of age (Silveira et al., 2015) and 0.21
(x0.03) in a scale from 1 to 9 (Mercadante et al., 2006), but

only from females born at the same Institute, between the
years 1961 and 2001.

The difference found in the heritability estimates for BCS
and LW may be explained by the significant difference in age
because, in the literature, age is usually standardized, as previ-
ously mentioned (Barrozo et al., 2012; Sant’Anna et al., 2012;
Valente et al., 2014; Lucena et al., 20135). In addition to being
a study composed of males and females of different ages,
unlike the studies mentioned (Mercadante et al., 2006; Sil-
veira et al., 2015). The heritability of HH was similar to that
observed in the study conducted by Yokoo et al, (2009) which
estimated heritability of 0.46 (+0.09) to males and females
Nellore with ages ranging from 450 to 599 d.

The genetic correlation between the TS and FS (Table 3)
suggests the existence of a strong genetic association between
both traits and that selection regarding either one may lead to
genetic modifications in the other. In other words, the lower
the TS, the lower the FS. Moreover, both traits are consid-
ered favorable to selection in the animal breeding program
that uses weight as a selection criterion, as was described in
a study conducted by Sant’Anna et al. (2013) with Nellore
animals, in which a high and positive correlation between TS
and FS was estimated, of 0.85 = 0.05.

The genetic correlations between the temperament and
growth traits were, in general, of low to moderate magni-
tude, corroborating with the literature (Barrozo et al., 2012;
Lucena et al., 2015; Sant’Anna et al., 2012, 2013, 2015;
Valente et al., 2014, 2016). However, except for the positive
correlation between TS and HH, and FS and BCS, all other
correlations were negative (even with high HPD intervals),
being able to indicate that calmer behavior (lower scores)
may be genetically associated with higher values of BCS, LW,
and HH. The FS was the behavioral trait that retained the
strongest genetic association with the LW, although it exhib-
ited a positive correlation with BCS. The TS was shown to
be more genetically associated with BCS. Thus, the FS can
be considered an important trait to be integrated into animal
breeding programs that use weight as a selection criterion.
Furthermore, FS is currently one of the most understood and
employed behavioral measures in beef cattle worldwide and
is validated for bovine breeds in the most distinct handling
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Table 4. Principal components (PC), eigenvalues, difference, proportion, and cumulative sum of the explained variance over the five components studied

Eigenvalue Difference Proportion Cumulative
PC1 2.468 1.039 0.494 0.494
PC2 1.429 0.360 0.286 0.779
PC3 1.069 1.041 0.214 0.993
PC4 0.028 0.023 0.006 0.999
PCS 0.006 0.001 1.000

Table 5. Eigenvectors coefficients for the first three principal
components (PCs).

Eigenvectors

PC1 PC2 PC3
EBV_TS -0.397 0.653 0.010
EBV_FS -0.546 0.298 0.354
EBV_BCS 0.049 -0.290 0.904
EBV_LW 0.578 0.326 0.087
EBV_HH 0.456 0.543 0.224

Predicted genetic values of the traits: temperament score (EBV_TS), flight
speed (EBV_FS), body condition score (EBV_BCS), live weight (EBV_LW),
and hip height (EBV_HH).

situations due to its objectivity and convenience in measuring
(Cafe et al., 2011; Sant’Anna et al., 2013).

Even with a high standard deviation, it is possible to
observe a low, but negative correlation between TS and BCS,
indicating a relative association between both traits, in which
the greater the BCS, the lower the TS. This result corroborates
the findings observed in the study conducted by Sant’Anna
et al. (2015), who stated that, in general, the results found in
their studies, indicated that both the visual scores conforma-
tion, precocity, muscularity, BCS, and frame are weakly asso-
ciated with temperament.

Unexpectedly, the genetic correlation between FS and the
BCS was positive, although with a high standard deviation
(Table 3). This result indicates that when carrying out selec-
tion for increments in BCS, a response in animal temperament
will possibly not occur. Using Spearman correlations, Peth-
erick et al. (2002) reported significant and negative associ-
ations that varied from -0.23 to -0.33 between FS and the
BCS during the confinement period in crossbred Bos indicus
heifers. In another study that aimed at evaluating the impact
of temperament in Nellore cows on handling quality and the
rates of pregnancy by artificial insemination, significant, neg-
ative, and low-magnitude Pearson correlations were reported
between the BCS and FS (-0.14) and the BCS and the crush-
ing score (-0.11) (Rueda et al., 2015).

The genetic correlation between the TS and LW was nega-
tive, but with a high standard deviation, indicating that ani-
mals retaining greater genetic potential for LW may exhibit
calm temperament since the genetic correlation between FS
and LW was also negative, but with a greater magnitude and
by the fact FS and TS are highly correlated. This result is in
accordance with what is reported in the assessed literature,
in which the genetic correlation was negative (-0.33 = 0.03)
between the TS and the weaning weight in bovine animals of
the Nellore breed (Lucena et al., 2015). A similar result was
described in another study with Nellore animals, in which the

correlation between the TS and the body weight gain at wean-
ing was -0.18 = 0.07 and the genetic correlation between
FS and average daily gain was -0.08 (+0.07) (Sant’Anna et
al., 2013). Another study with the same breed reported an
association between FS and weaning weight of -0.20 (x0.07)
(Sant’Anna et al., 2015). Thus, selection for increments in LW
may provide improvements in the temperament of the ani-
mals (lower TS and FS).

The antagonistic genetic correlations of the behavioral
traits with HH (TS x HH, positive, and FS x HH, negative),
and with BCS (TS x BCS, negative, and FS x BCS, positive)
indicate that, when selecting for taller animals or with greater
body condition, a response in the temperament of the ani-
mals will possibly not occur. However, overall, the selection is
aimed at increasing not only height but also weight, given that
taller animals may be less precocious and less efficient and
exhibit inferior carcass quality (Yokoo et al., 2009).

Therefore, selection aimed at weight increments in the ani-
mals will also increase their height due to the highly correlated
response between LW and HH (Table 3) (Yokoo et al., 2007,
2009) and, consequently, the temperament of these animals
will tend to be calmer. The strong genetic correlation between
LW and HH observed in the present study agrees with the
literature showing estimated genetic correlations that ranged
from 0.58 to 0.80 at different ages (Yokoo et al., 2007).

The existence of genetic variation allows the division of
genetically similar animals into groups using multivariate
cluster analysis based on EBVs for all studied traits. This divi-
sion will enable a selection of animals with low EBVs for TS
and FS and high values for BCS, LW, and, consequently, HH,
which comprise the desired traits in a production system com-
posed of Nellore animals. Thus, cluster analysis is a tool that
can be used in addition to selection indexes.

Groups 1,2, and 3 consisted of 324,401, and 520 animals,
respectively. When analyzing the average genetic value of each
variable (within its respective group), if selection were per-
formed for the animals in group 1, excitable animals (higher
TS and FS) with low or no genetic merit for BCS and LW,
respectively, and possibly larger animals would have been
chosen. If selection were performed for the animals in group
2, animals with low or no genetic merit for TS, BCS, LW, and
HH and with an excitable temperament (higher FS) would
have been chosen. In turn, if selection would prioritize ani-
mals in group 3, less excitable animals with more significant
genetic merit for growth traits (BCS, LW, and HH) would be
selected, given that these are the most desired traits in a pro-
duction system.

In general, the genetic relationship among traits is related to
the three PCs that explain the highest proportion (99.3%) of
the total additive genetic variance of the 5 traits. Vargas et al.
(2018) applied three different approaches of PCA using stan-
dardized EBVs for growth and visual score traits at weaning



and yearling in Nellore beef cattle and reported that three PCs
met the Kaiser criterion (>1) and explained 79.3%, 87.1%,
and 87.8% of the total variance in each approach, respec-
tively. Boligon et al. (2016) reported that the first three PCs
explained 79.1% of the total variation in EBVs for growth
and reproductive traits in Nellore cattle.

The magnitude of the eigenvector (either positive or neg-
ative) indicates the importance of the corresponding trait
for the PC; thus, a higher coefficient would indicate greater
discriminatory power. The first PC showed a high coefficient
for the original FS and LW traits, suggesting a greater dis-
criminatory power for these traits. An opposite sign between
temperament traits and growth traits indicates a different
direction of variation for these variables, as already demon-
strated by the genetic correlations. These findings again show
that animals with higher genetic merit for growth tend to be
less excitable.

The second PC showed a greater discriminatory power for
the original TS and HH traits but with the same sign (posi-
tive), as also evidenced by the genetic correlations, reflecting
those animals with a higher HH and more temperamental
according to TS. In contrast, the third PC showed a greater
discriminatory power for BCS, with a positive and high coef-
ficient.

Conclusion

The inclusion of temperament indicator traits such as TS
and FS in selection indexes, which is aimed at achieving
more significant genetic progress in animal temperament
and welfare, desirable mainly for Bos indicus, may result
in actual benefits for productivity and the well-being of
animals since those that exhibit less excitable temperament
retain more significant genetic increments in growth traits.
However, progress tends to be slower due to low heritabil-
ities.

Multivariate cluster analysis and PCA help selectors (live-
stock farmers) more easily choose the animals they want
to select for breeding, making it easier for the producer to
visualize which animals have the traits that should be chosen
together. Therefore, the fact that 1,056 of the 1,245 animals
evaluated came from herds selected for yearling weight is one
of the reasons why cluster 3, a group formed by high-perfor-
mance animals, is the largest group with 520 animals show-
ing that selection for weight is correlated with temperament
improvement as well as the principal component 1, shows us.

Our findings suggest that the inclusion of temperament
indicator traits such as TS and FS, as well as cluster and PCA,
may be explored in animal breeding programs to select Nel-
lore cattle with less excitable temperament and more signif-
icant genetic increment in growth traits, implying directly in
animals’ welfare and benefits for productivity.
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