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Abstract The objective of this study was to characterize
Nelore cattle on central performance tests in pasture, ranked
by the visual classification method EPMURAS (structure,
precocity, muscle, navel, breed, posture, and sexual character-
istics), and to estimate genetic and phenotypic correlations
between these parameters, including visual as well as produc-
tion traits (initial and final weight on test, weight gain, and
weight corrected for 550 days). The information used in the
study was obtained on 21,032 Nelore bulls which were partic-
ipants in the central performance test at pasture of the Brazilian
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Association for Zebu Breeders (ABCZ). Heritabilities obtained
were from 0.19 to 0.50. Phenotypic correlations were positive
from 0.70 to 0.97 between the weight traits, from 0.65 to 0.74
between visual characteristics, and from 0.29 to 0.47 between
visual characteristics and weight traits. The genetic correlations
were positive ranging from 0.80 to 0.98 between the character-
istics of structure, precocity and musculature, from 0.13 to 0.64
between the growth characteristics, and from 0.41 to 0.97
between visual scores and weight gains. Heritability and
genetic correlations indicate that the use of visual scores, along
with the selection for growth characteristics, can bring positive
results in selection of beef cattle for rearing on pasture.

Keywords Clusters - Heritabilities - Visual assessment

Introduction

MAPA (2010) projects a growth rate of 2.15 % per year for
beef production in Brazil, reaching 10 million tons of meat/-
year by 2020. These projections are shared by abattoirs, who,
for producing more demanding foreign markets, require
carcasses with high weights, good degree of finishing, and
maximum age at slaughter of 36 months (Metz et al. 2009).
The national herd must therefore become more commercially
competitive, and the farmer is increasingly seeking new meth-
ods to enhance economic aspects of production (Barcellos et
al. 2011). The Nelore is the main breed in tropical regions in
Brazil so it has a strategic importance for Brazil's gross na-
tional product as the world's largest beef exporter.

While subjective linear type traits have been used in dairy
cattle to improve functional characteristics (Vallimont et al.
2010), these are less widely used in beef cattle. Most selection
for beef cattle in Brazil is based on weight for age and scrotal
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circumference, but some studies have used visual assess-  (Faria et al. 2008). These include scores for production traits,
ments, with scores for morphological characteristics in beef ~ conformation (C), precocity (P), and musculature (M) within
cattle, to identify individuals who have good functional traits  test groups. Early systems encountered problems with the use
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of morphological traits as selection tools due to the absence of
linearity in some traits (Gutiérrez and Goyache 2002). These
linear type evaluations aim to reflect muscular, skeletal, and
functional characteristics of animals, and it has been seen that
some type traits are useful indicators of the overall profitabil-
ity in beef cows (McHugh et al. 2012).

The EPMURAS linear classification system was developed
by Koury Filho et al. (2003) and is becoming more widely
used in breeding programs in Brazil, as cattle production is
becoming more concerned about meat and carcass traits,
reproduction, as well as animal welfare issues (Ferraz and
Felicio 2010). In this system, animals receive a score for
structure (E), precocity (P), muscle (M), navel (sheath, umbi-
licus) (U), breed (race) standard (R), posture (A), and sexual
characteristics (S). Individuals are not compared with their test
group but to the standards defined by the association. Little
information is available on the (co)variance estimates for these
subjective traits or their correlations with growth and repro-
ductive traits. The objective of this work was to investigate the
relationships between type and production traits in Nelore
cattle on central performance tests at pasture in Brazil as well
as estimate genetic and phenotypic parameters for these.

Material and methods

Information on weights and visual scores was obtained
between 2004 and 2010, on 21,032 Nelore bulls, from farms
distributed throughout Brazil, which were participants of
central performance tests at pasture (PGP) of the Zebu
Breeding Program-PMGZ managed by the Brazilian
Association of Zebu Breeders-ABCZ. This PGP is used to
assess purebred males, with a maximum age range of 90
(ninety) days for animals on the same test.

Connectability between test groups (TGs) was performed
using AMC (Roso and Schenkel 2006) based on the total
number of genetic ties (minimum of ten). This showed that
99.39 % (20,922 animals) belonged to a single population,
with the three TGs shown to be disconnected (0.61 % or 109
animals) which were removed from the analysis.

All animals were purebred Nelore with both parents
identified. Each test had the same management and
feeding system used to evaluate weight gain, final
weight, and type. Each test had at least 20 animals
from three sires to form a test group. These were sons
of 1,805 sires with at least four sons on at least two of
the 488 tests, with on average 117 sons per sire, vary-
ing between 30 and 352.

PGPs lasted for 294 days (70 adaptation and 224 effec-
tive test days). Tests included animals from a single herd or
different herds. The animals were weighed in the morning
after a 12-h fasting at the start of the adaptation period, start
and end of the test, as well as every 56 days in between.
After the final weighing, each animal underwent a visual
inspection using the EPMURAS evaluation method.
Individuals are not compared with their test group but to
standards defined by the association. The animal received a
score for EPMURAS (Fig. 1). E, P, M, and U received a
score from 1 to 6, while R, A, and S from 1 to 4. The score for
U varied from 1 (small and tight to the animal's body) to 6
(large and pendulous).

Birth weight (BW), initial test weight (IW) (or yearling
weight), final weight (FW), and growth rate (DWG)=(FW—
IW)/number of days on test were also taken. Age at the
start (AGE_S) and end (AGE_E) of test are used to
calculate weight corrected for 550 days (WT550) =
((FW —IW) x 550 + BW)/(AGE_E — AGE_S) . A final
test index (IPGP) was calculated as follows:

Table 1 Central tendency

measures and percentages per E* pP* M* U R® A° S

class for EPMURAS scores in

Nelore cattle on central Tendency measure

performance test in Brazil Skewness -0.197 —0.051 -0.027 0.382 -0.267 -0.308 -0.372
Kurtosis —-0.345 —0.428 —0.437 0.059 —0.351 -0.124 -0.510
Mean 4.19 3.87 3.77 323 2.95 3.06 3.03
Mode 4.00 4.00 4.00 3.00 3.00 3.00 3.00
Median 4.00 4.00 4.00 3.00 3.00 3.00 3.00

E body structure, P early K-S P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

maturing, M muscle, U navel, R . .
Percentage of animals in each class

breed pattern, A posture, S

sexual characteristics 1 0.42 0.63 1.29 2.02 2.38 1.24 2.48

91 and 2 are inferior, 3 and 4 are 2 4.54 9.04 11.35 20.46 23.12 16.95 21.45

intermediate, and 5 and 6 are 3 20.08 26.63 27.72 42.07 51.54 56.31 46.20

superior 4 35.24 35.65 33.84 25.02 22.86 25.51 29.88

®3 10 4 are the best scores 5 30.02 22.62 2027 8.47 _ _ _

°1 = weak, 2 = regular, 3= good, 6 9.69 5.42 5.53 1.96 - - -

and 4 = very good
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Table 2 Variables, means, standard deviations, maximum and mini-
mum score and coefficient of variation (CV) of traits used in the
evaluations of Nelore cattle at pasture

Trait Mean Maximum Minimum CV Standard
deviation
Daily gain 0.56 1.18 0.00 29.56 0.16
(kg/days)
Birth weight (kg)  32.10 58.00 20.00 10.02  3.22
Start weight (kg)  232.93 440.00 105.00 15.72 36.62
Final weight (kg) 357.42 593.00 164.00 15.75 56.28
Age at start (days) 330.20 373.00 252.00 7.19 23.75
Final age (days) 554.20 597.00 476.00 429 23.75
Weight 550 (kg)  354.86 600.25 171.40 15.10 53.58

IPGP = (0.4 x DWG) + (0.4 x WT'550)
+ (02X (E+P+M+U+R+A4+5S)).

To use U in IPGP, a score of 6 was converted to 1 and 5 to 2
to reflect the fact that values 3 and 4 are more desirable in
accordance with ABCZ rules.

As the models used assumed a normal distribution of
data, Box—Cox transformations were used (Neter et al.
1996). The same fixed effects were significant when using
the transformed variables showing that linear modeling was
robust enough to handle the initial measures.

Data were analyzed to determine effects of test group
on scores and measures (MIXED), correlations (CORR),
factor analysis (FACTOR), formation of groups
(FASTCLUS, CLUSTER and TREE), discriminant anal-
yses (STEPSISC, DISCRIM), using SAS®. Dependent
variables included growth rate, birth weight, initial test
weight, final weight, as well as E, P, M, U, R, A, and
S. Principal component analysis was used to examine
the relationships between these traits. Cluster formation
was based on a non-hierarchical method (no predefined

groups) using weights and scores. Discriminant analyses
were then carried out to investigate which traits were
important in separating the animals into clusters and the
possibility of correctly classifying animals into their
clusters using this method.

(Co)variance components and heritability were estimated
using maximum restricted likelihood free of derivatives
under an animal model using multiple-trait derivative-free
restricted maximum likelihood (MTDFREML) by Boldman
et al. (1995), adjusting the equation

y=Xb+Zia+e,

where y is a vector (Nx1) of observations on the
animal (growth rate, weights at birth, start and end of
the test, and corrected for 550 days of age, as well as
E, P, M, U, R, A, and S); b is the vector of fixed
effects associated with the incidence matrix X; a is the
vector of direct genetic effects associated with the inci-
dence matrix Z;; and e is the vector of random resid-
uals. The expectations (£) of the variables are assumed
as E(y) = Xb and E(a) = E(e) = 0. Residual effects,
including random environmental and non-additive genetic
effects, are independently distributed with variance o2 .
Therefore, var(e) =lo?, var(a) = Ac2 and cov(a,e) =
cov(e,a) = 0, where A is the numerator relationship matrix.
The convergence criterion used was 10”7,

For phenotypic and genetic correlation calculation, a
bi-character model was used:

S0 2l [z 2l
Y2 ] Xz bz 0] Zz a € |
where y; is a vector of the observations for the ith character; by,
the vector of fixed effects; a;, the vector of animal effects; e;,
vector of residual effects; X; and Z;, index matrices; and ®, a
null matrix.

Dependent variables included growth rate, weights (initial,
final, and corrected for 550 days of age), structure, precocity,

Table 3 Phenotypic (above the

diagonal) and genetic (below the DWG  WT550 IW Fw E p M 8] R A S IPGP
diagonal) correlations between
the performance characteristics DWG  — 0.77 033 076 029 029 031 0.08 018 0.12 026 0.77
of Nelore cattle at pasture using WT550 025  — 070 097 042 036 039 014 020 012 034 099
fixed test groups W 027 067 - 077 044 034 036 0.7 0.17 009 031 0.71
FW 0.13  0.64 096 — 049 043 045 0.16 023 0.14 037 097
E 0.61 041 040 039 - 0.65 0.65 0.19 029 0.13 036 047
P 090 083 059 081 093 - 0.74 020 030 0.16 040 041
E body structure, P precocity, M M 0.66 091 073 090 080 098 - 0.19 033 0.18 041 044
muscling, U navel, R breed U 044 032 028 034 072 089 065 - 0.13 0.05 0.16 0.15
pattern, A posture, S sexual R 070  0.17 018 0.8 087 053 088 090 - 031 046 023
characteristics, DWG growth
rate, WT550 weight adjusted for A 0.18  0.54 059 055 054 027 027 073 087 - 034 0.14
550 days of age, IW initial test S 097 087 079 089 090 097 094 072 091 093 - 0.37
weight, FWV final weight, IPGP IPGP 0.54 0.65 091 064 073 089 066 091 024 083 064 -

final test index
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Table 4 Univariate heritabilities with fixed and random test groups for
performance characteristics and visual scores of Nelore cattle on cen-
tral performance test at pasture

Trait Heritability

UF* (SD)* AIC UR** (SD)* AIC
DWG 0.26 (£0.022) —80,588 0.06 (£0.006) —81943
FW 0.50 (£0.027) 161,015 0.15 (£0.011) 165,269
WT550 0.46 (+0.039) 79,061 0.14 (£0.015) 83,297
E 0.26 (+0.023) 15,647 0.19 (£0.017) 15,549
P 0.34 (£0.024) 16,918 0.25 (£0.019) 16,841
M 0.28 (+0.022) 19,000 0.20 (£0.017) 18,965
U 0.43 (x0.026) 16,464 0.36 (£0.023) 16,224
R 0.18 (+0.019) 5,377 0.15 (£0.016) 4,820
A 0.06 (+0.012) 211 0.05 (+£0.009) —629
S 0.18 (£0.019) 5,556 0.13 (£0.015) 5,192
IPGP 0.21(+0.023) 56,111 0.11(£0.033) 56,113

*UF univariate analysis with fixed test group
**UR univariate analysis with random test group

# AIC or Akaike Information Criterion response where the lowest result
of a trait is most appropriate

DWG growth rate, FI¥ final weight on test, WT550 calculated weight at
550 days, E body structure, P early maturing, M muscle, U navel, R
breed standard, 4 posture, S sexual characteristics, /PGP final test
index, SD standard deviation

muscle, navel, breed, sexual characteristics, and posture.
TG groups were tested as fixed or random in both
univariate and bivariate analyses, and three different in-
formation criteria (Akaike (AIC), —2LogL+2k where £ is
the number of parameters; Baysean (BIC), —2LogL+
klog(n) where n is the number of observations; and
conditional AIC, —2LogL+k(log(n)+1)) were used to
select the best model. As results were consistent for all
three, only AIC is presented.

Fig. 2 Graphical representation 0.6
of the first two principal
components, growth

characteristics, and visual 0.4
assessments in Nelore cattle at
pasture
® 02
©
o
~ o BW
S *
5 0 0.1
©
w
-0.2
-04
-0.6

Results and discussion

Conceptually, higher scores are better except for navel
(sheath) score, where 3 to 4 are the best scores. The navel
is important for Zebu-type cattle. Bignardi et al. (2011)
stated that bulls with long foreskin or a tendency to expose
the foreskin membrane are subject to inflammation, injury,
and trauma. For the navel (Table 1), the average (3.23) was
slightly higher than that found by Koury Filho et al. (2003)
who found 3.09 for Nelore. This implies that the positioning
of the navel, prepuce, and sheath, on average, are suitable
for animals at pasture (Josahkian et al. 2003).

E and P had mean scores of 4.19 and 3.87, respectively,
in line with those described by Faria et al. (2010) and Koury
Filho et al. (2009) for the same breed. Animals in this study
present a relatively large area for meat and fat deposition of
meat at an early age. The average for M was 3.77, higher
than that found by Faria et al. (2010) and Koury Filho et al.
(2010) who reported scores of 3.60 and 3.00, respectively.
Koury Filho et al. (2009) found a score of 3.80.

The initial weight on test was 232.93 kg with a mean
age of 330.20 days (Table 2) and weight corrected for
365 days was 257.48 kg, higher than found by Malhado
et al. (2010) who obtained 229.16 kg at 365 days with
Nelore animals reared at pasture in Northern Brazil and
close to that seen by Yokoo et al. (2010), which was
adjusted for 365 days to 250.39 kg. Average final weight
adjusted for 550 days was 354.71 kg, close to that
described by Yokoo et al. (2010) with 347.14 kg and
by Koury Filho et al. (2009) who reported 330.91 kg
with a mean age of 523.10 days. The weight gain of 124.49 kg
in 224 trial days was higher than that found by Conceicao et
al. (2005) who found a gain between 365 and 550 days of age
of 83 kg in Polled Nelore raised under pasture conditions.
Differences in genetic makeup and management of the ani-
mals (nutritional, handling, age at testing, length of evaluation

P
*e M
®E *R
. A *s
* U
# AGE S
02 03 04 05 06 07 08 09 1
oW
* IPGP
WT550
o FwW
* DWG

Factor 1 (64.9 %)
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period, among others) may account for the differences be-
tween the studies.

Accuracy of progeny testing in different herds is affected
by connectability. Low connectivity, due to bulls having a low
number of offspring in few herds, helps to increase the sys-
tematic differences between progeny groups, compromising
the accuracy of genetic evaluation (Carneiro et al. 2001). Here
was a strong connectability among TGs, so the genetic
evaluation should be accurate.

Production traits had moderate to high positive genetic and
phenotypic correlations between each other (Table 3) as
expected. Malhado et al. (2002) and Santos et al. (2005) found
high correlations between weights at 205 and 550 days of age
(close to this work). These results show that intermediate
weights have high correlations with subsequent weighings,
indicating that animals may be selected early in life.

Boligon et al. (2009) reported a genetic correlation of
0.26 between birth weight and yearling weight in Nelore
cattle. This is higher than that found in this study (0.05),
together with the correlations for BW with IW and BW with
FW of 0.09 and 0.06, respectively, which are all positive and
low, thereby indicating that BW should not be recommen-
ded as a selection criterion to obtain heavier animals at later
ages. The difference in estimates is possibly due to differ-
ences in environmental, genetic, or maternal factors.

Among visual scores, E, P, and M had high and positive
phenotypic correlations, approximately 0.65 for E with P and
M, and higher between P and M (0.74). According to Koury
Filho et al. (2010), selection for one visual score is likely to
mean a positive correlated response in all the others at the
same or different ages. Aratjo et al. (2010) found that these

Table 5 Average characteristics of each cluster for growth and visual
characteristics of Nelore bulls in central performance tests at pasture

Cluster variables 1 2 3 4 5

E* 3.25 3.87 4.22 4.56 5.10
p* 3.02 3.62 3.90 4.17 4.69
M* 2.83 3.48 3.80 4.13 4.65
U* 2.95 3.15 3.21 3.35 3.56
R* 2.60 2.88 3.05 3.16 3.36
A* 2.87 3.01 3.12 3.16 3.24
S* 2.35 2.90 3.25 3.41 3.58
DWG (kg) 0.367 0.467 0.555 0.656 0.765
IW (kg) 185.04 210.23 23341 25636  289.46
FW (kg) 267.23 31484 357.74 403.40 460.86
WT550 (kg) 269.35 31433 35580 39893  450.28

*Average score of each visual trait

E body structure, P early maturing, M muscle, U navel, R breed
standard, 4 posture, S sexual characteristics, DWG growth rate, IW
initial weight on test, FIW final weight on test, WT550 calculated
weight at 550 days

@ Springer

Table 6 Distribution of animals correctly identified in clusters using
visual and performance data in Nelore bulls reared at pasture

Cluster

1 2 3 4 5
1 97.04 0 2.22 0 0.74
2 0 99.72 0 0 0.28
3 0.89 0 97.52 1.59 0
4 0 0 2.59 97.41 0
5 0.41 1.64 0 0 97.94
Total (%)* 8.4 22.86 33.96 24.05 10.73

*Percentage of all animals in the data bank in each cluster

scores describe the potential of the animal for meat production
as a whole, as they are directly linked to the animal's body
weight. They suggest that the trait that is more easily mea-
sured, with high heritability and less influenced by the evalu-
ator, could be recommended as a selection criterion.

Genetic correlation between E and P was 0.93, between E
and M was 0.80, and between P and M was 0.98, corrobo-
rating in Aratjo et al. (2010) results. Working with C, P, and
M, Aratjo et al. also found high correlations of P with C and
M (0.85 and 0.90, respectively) and P with M of 0.85, but
these results are different from Faria et al. (2010) who
observed only a high correlation of P with M (0.85) and
low to moderate correlations with P and M values of 0.11
and 0.23, respectively. These results indicate that careful use
should be made of these correlations when developing
breeding programs.

As all genetic correlations between visual score and
weights were positive, it remains to be seen if these would
bring additional gains in breeding programs as animals are
already being selected for weight and weight gain. Koury
Filho et al. (2010) reported that the correlations between
scores and standard weights should be considered, as selection
solely for weight can lead to the emergence of economically
unviable biotypes. The present study demonstrates that the use
of these characteristics as selection criteria is feasible if the

Table 7 Traits responsible for differences between clusters of Nelore
bulls on central performance tests at pasture

Cluster 2 3 4 5

1 WT550, E, U WT550, E, S WT550, E WT550, E, S
2 - WT550, E, M WT550 WT550, E, M
3 - - WT550, E, M WT550, E, S
4 - - - WT550, E, S

E body structure, P early maturing, M muscle, U navel, R breed
standard, 4 posture, S sexual characteristics, DWG growth rate, IW
initial weight on test, FIW final weight on test, WT550 calculated
weight at 550 days
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farmer wishes to obtain heavy animals that are early develop-
ing and structurally suitable for a good meat yield.

Moderate to high genetic correlations were seen between
growth and visual characteristics (Table 3) generally above
0.4, being higher than that found by Koury Filho et al.
(2010), who reported correlations among 550-day weight
and conformation, precocity, and musculature, ranging from
0.58 to 0.83. These results indicate that the use of these traits
in genetic selection indices should achieve satisfactory
results in breeding programs with this breed. In general, A
had the lowest genetic correlations with the other traits.

The highest heritabilities and lower AIC scores were seen
using TG as fixed for growth traits and random for visual
characteristics (Table 3). Heritability estimates in the univar-
iate analysis for production traits (DWG, FW, WT550) were
moderate to high (Table 4), ranging from 0.26 to 0.50. These
results indicate that the selection for these traits can show
reasonable genetic gain. The heritability for WT550 was
0.46, considered moderately high, in agreement with several
other studies (Faria et al. 2011; Pedrosa et al. 2010). For
DWG, h* was 0.26, higher than that found by Koury Filho
et al. (2003) where working with weight gain from weaning to
yearling found an 4* of 0.14. This may reflect differences
between genetic material or ages and management.

E, P, and M showed low to moderate heritabilities (0.19,
0.25, and 0.20, respectively) similar to the results found by
Pedrosa et al. (2010) and Araqjo et al. (2010) who obtained
a heritability of 0.23 and 0.16 respectively for C, 0.19 and
0.17 for P, and 0.22 and 0.16 for M. These are lower than
heritabilities found by Boligon and Albuquerque (2010) and
Boligon et al. (2010, 2011) (also working with CPM). These
results indicate genetic gains with the use of these traits in
selection programs. R, A, and S showed low heritabilities,
from 0.05 to 0.15, showing a low selection response.

Navel heritability was 0.36, which is higher than that
observed by Koury Filho et al. (2003) and Bignardi et al.
(2011). These studies were carried out on-farm and not under
more controlled conditions of a central performance test with
standardization of age and type. This result indicates that the
selection for navel can bring satisfactory results.

The first two components (Fig. 2) explained 77.2 % of
the variance between characteristics. In the first compo-
nent, growth and reproductive characteristics (IW, FW,
and DWQG), varied with the visual characteristics (P, M,
E, and S). In general, selection for one trait should
improve the others. In the second component, there was a
subgroup of animals where production traits were antagonistic
to visual characteristics. There were individuals that were
positively rated for visual traits with poor growth and vice
versa. These animals should be identified as they may not be
suitable for reproduction.

Animals were separated into five clusters based on visual
and growth traits. Clusters 1 and 2 were formed by animals

classified as inferior in EPMURAS and lower than the
average growth rates (Table 5); in cluster 3, animals were
medium for all traits while the clusters 4 and 5 are composed
of the best animals classified by visual assessment, weights,
and growth rates. The cluster means show the difference
between biotypes. Cluster 1 contained 8.4 % of the animals
analyzed, 22.86 % of the animals were in cluster 2, 33.96 %
in cluster 3, 24.05 % in cluster 4, while the remaining
10.73 % were in cluster 5. In all cases, more than 97 % of
the animals were correctly designated their own clusters in a
discriminant analysis (Table 6). WT550 and E were impor-
tant in separating most clusters (Table 7), while U, S, and M
were important in separating individual clusters. This means
that careful attention should be given to these traits when
selecting animals for reproduction.

Conclusions

Heritability and genetic correlations indicate that the use of
visual scores, along with development traits can improve
selection of Nelore beef cattle at pasture. In particular,
selection for structure, precocity, and muscle development
should bring favorable results in terms of animal conforma-
tion. Different shapes of animals can be defined, which need
to be further investigated.
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