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ABSTRACT: Records of 18,770 Nelore animals, born 
from 1975 to 2002, in 8 herds participating in the 
Nelore Cattle Breeding Program, were analyzed to es-
timate genetic parameters for mature BW. The mature 
BW were analyzed as a single BW taken closest to 4.5 
yr of age for each cow in the data file, considering BW 
starting from 2 (W2Y_S), 3 (W3Y_S), or 4 (W4Y_S) yr 
of age or as repeated records, including all BW start-
ing from 2 (W2Y_R), 3 (W3Y_R), or 4 (W4Y_R) yr of 
age. The variance components were estimated by re-
stricted maximum likelihood, fitting univariate and bi-

variate animal models, including weaning weight. The 
heritability estimates were 0.29, 0.34, 0.36, 0.41, 0.44, 
and 0.46 for W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, 
and W4Y_R, respectively. The repeatability estimates 
for W2Y_R, W3Y_R, and W4Y_R were 0.59, 0.64, and 
0.72, respectively. Larger accuracy values associated 
with the EBV were obtained in the repeated records 
models. The results indicated the bivariate repeated 
records model as the most appropriate for analyzing 
mature BW.

Key words:  beef cattle, genetic correlation, growth, repeatability

©2008 American Society of Animal Science. All rights reserved.	 J. Anim. Sci. 2008. 86:2840–2844 
	 doi:10.2527/jas.2007-0823

INTRODUCTION

In Brazil, animal breeding programs for beef cattle 
breeds have prioritized the selection of growth traits, 
such as BW or BW gain at certain ages. These traits 
are easy to obtain and present heritability estimates 
from medium to high, responding rapidly to selection, 
but show positive genetic correlations with adult BW 
(Silva et al., 2000; Meyer et al., 2004). Therefore, se-
lecting animals for greater BW at young ages will in-
crease cow mature BW.

In recent decades, there have been concerns about 
the consequences on herd productivity of increasing 
cow size. There is evidence that the energy needed to 
maintain cow adult BW represents the greatest cost in 
the beef production system. Animals with greater ge-
netic potential for growth are more efficient in environ-

ments where feed resources are not limited; however, 
in restricted environments, medium-sized animals are 
preferred (Jenkins and Ferrell, 1994).

In this context, to maintain a desirable adult size it 
is necessary to include adult BW in beef cattle selection 
indices. However, there are difficulties in using adult 
BW in genetic evaluations because of the scarcity of BW 
records obtained after 2 yr of age. Moreover, the best 
way to analyze these records has yet to be defined.

In studies reporting genetic parameters for adult 
BW, some authors took a single BW measurement at 4 
yr of age (Silva et al., 2000; Rosa et al., 2001), whereas 
others used repeated measurements from 2 (Arango et 
al., 2002; Meyer et al., 2004), 3 (Pedrosa et al., 2006), 
or 4 yr of age (Kaps et al., 1999). Arango and Plasse 
(2002) and Choy et al. (2002) considered all BW avail-
able for females that entered the breeding season, ob-
tained after 2 yr of age. The objective of this study was 
to estimate genetic parameters for female mature BW 
by using single or repeated measurements, including 
BW from 2, 3, or 4 yr of age, in an effort to address 
the various options for including this trait in genetic 
evaluations.

MATERIALS AND METHODS

Animal Care and Use Committee approval was not 
obtained for this study because the data were obtained 
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from an existing database (Nelore Cattle Breeding Pro-
gram).

Data and Management

Records from 18,770 Nelore breed animals, born from 
1975 to 2002, belonging to 8 cattle herds participating 
in the Programa de Melhoramento Genético da Raça 
Nelore (Nelore Cattle Breeding Program), a selection 
program established in 1987, were analyzed. The ani-
mals were weighed every 90 d from birth to 18 mo of 
age, and those that remained in the herds as breeding 
stock continued to be weighed every 90 d. The births 
occur throughout the year, with the greatest concen-
trations in spring and summer. Animals are weaned, 
on average, at 240 d of age. Animals were included in 
the analyses if they were a product of AI; raised on pas-
tures without supplementation; nursed by their biolog-
ical mothers; and born to mothers of age 2 to 20 yr.

Weaning weight (WW) was defined as the weight 
taken closest to 240 d of age, with a maximum interval 
of 60 d before or after this age, and was used in bivari-
ate analyses to account for the effects of sequential se-
lection. Female mature BW was a single measurement 
obtained nearest to 4.5 yr of age, considering any BW 
obtained from 2 (W2Y_S), 3 (W3Y_S), or 4 (W4Y_S) yr 
of age. Moreover, repeated mature BW measurements 
taken from 2 (W2Y_R), 3 (W3Y_R), or 4 (W4Y_R) yr of 
age were analyzed.

Four birth or weighing seasons were defined: Decem-
ber to February (season 1), March to May (season 2), 
June to August (season 3), and September to Novem-
ber (season 4). For WW, the model included the fixed 
effects of contemporary groups (CG), and the linear 
and quadratic effects of animal age at recording and 
age of cow at calving as covariables. For adult BW, the 
model included the fixed effects of CG, and animal age 
at recording as a covariable (linear and quadratic ef-
fects). The CG for WW was composed of animals of the 
same sex and born in the same farm, year, and season. 
For adult BW, the CG included herd, year, and season 
of recording. Contemporary groups with fewer than 4 
animals were excluded. The general structure of the 
data set is presented in Table 1.

The components of variance were estimated by re-
stricted maximum likelihood by using the software 

MTDFREML (Boldman et al., 1995) in univariate 
and bivariate analyses with WW. The mathematical 
description of the general model used for analyses of 
adult BW is as follows:

y = Xβ + Zaa + Zcc + e,

where y is the vector of observations; β is the vector of 
fixed effects; a is the vector of additive genetic direct 
effects; c is the vector of animal permanent environ-
mental effects; and e is the vector of residuals. X, Za, 
and Zc are incidence matrices relating β, a, and c to y. 
It is assumed that E[y] = Xβ; Var(a) = A  Ä   Σa, Var(c) 
= IN  Ä   Σc, and Var(e) = IN  Ä   Σe, where Σa is the ad-
ditive genetic covariance matrix; Σc is the animal per-
manent environmental covariance matrix; Σe is the re-
sidual covariance matrix; A is the additive numerator 
relationship matrix; I is an identity matrix; N is the 
number of animals with records; and  Ä  denotes the 
direct product. The animal permanent environmental 
effect was included only in the adult BW analyses by 
using repeated measurements. In the bivariate analy-
ses, the maternal genetic and permanent environmen-
tal effects were included for WW.

In all of the analyses, a pedigree file containing the 
identification of the animal, sire, and dam was used, 
with a total of 26,924 animals in the relationship ma-
trix. Spearman correlation coefficients between adult 
BW breeding values estimated in different analy-
ses (W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, and 
W4Y_R) were calculated.

RESULTS AND DISCUSSION

The observed means and SD, by age, are shown in 
Figure 1. The cows continued to gain BW until approxi-
mately 5 yr of age. The mean BW of the 5-yr-old or 
older cows (470 kg) was close to that reported in the 
literature for adult Nelore cows (Rosa et al., 2001; Pe-
drosa et al., 2006).

The variance components and genetic parameters 
estimated for adult BW using the bivariate model are 
described in Table 2. Excluding records from animals 
less than 4 yr of age from the analyses increased addi-
tive genetic variance estimates and decreased residual 
variance estimates in both single and repeated mea-

Table 1. Data structure 

Trait1 Animals Records Sires Dams Contemporary group

WW 18,770 18,770 515 8,546 490
W2Y_S 3,109 3,109 323 2,130 228
W3Y_S 2,439 2,439 306 1,671 187
W4Y_S 1,896 1,896 234 1,406 166
W2Y_R 3,109 18,999 323 2,130 228
W3Y_R 2,439 14,713 306 1,671 187
W4Y_R 1,896 11,142 234 1,406 166

1WW = weaning weight; W2Y, W3Y, or W4Y = BW starting at 2, 3, or 4 yr of age; _S = considering only 
the BW nearest 4.5 yr of age for each cow; _R = considering all records available for each cow, repeated 
records.
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surement analyses. In the latter analyses, exclusion of 
2- and 3-yr-old cows led to an increase in permanent 
environmental variance estimates, consequently in-
creasing the repeatability estimates. This greater cor-
relation between records of the same cow probably oc-
curred because, in this data set, the cows were close 
to or had already reached their mature size. Similar 
results were reported by Meyer (1995) and Mercadante 
et al. (2004). The estimates of repeatability varied from 
0.59 to 0.72, and are close to those reported in the lit-
erature for adult BW (Arango et al., 2002; Choy et al., 
2002; Meyer et al., 2004; Pedrosa et al., 2006).

Preliminary analyses using the univariate model 
showed estimates of heritability and SE of 0.21 ± 0.04, 
0.24 ± 0.05, 0.26 ± 0.06, 0.25 ± 0.02, 0.30 ± 0.03, and 0.34 
± 0.04 for W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, 
and W4Y_R, respectively. The heritability estimates 
in univariate analyses were less for the 3 definitions 
of mature BW, considering either single or repeated 
measurements, as compared with bivariate analyses. 
With the univariate model, repeated measurements 
yielded greater heritability estimates than single mea-
surements, with slightly less SE, which suggest that 
the use of repeated measurements could result in more 
accurate analyses. Greater heritability estimates for 
repeated measurements were also observed with bi-
variate analyses (Table 2). The use of repeated mea-
surements in a multivariate model, including BW be-
fore selection for adult BW genetic evaluations, allows 
better modeling of environmental variations (Kaps et 
al., 1999).

The heritability estimates for adult BW in the bi-
variate model were moderate to high. These results 
agree with those described in the literature (Kaps et 
al., 1999; Mercadante et al., 2004; Pedrosa et al., 2006), 
which vary from 0.30 to 0.52 (single records) and 0.35 
to 0.53 (repeated records). These estimates suggest 
that inclusion of adult BW as a sire selection criterion 
will result in rapid genetic gains. However, to find the 
BW adequate for a given production system, economic 
selection indices including this trait will have to be de-
veloped.

The results suggest that 2-yr-old cow BW records 
should not be considered for genetic evaluations of 
adult BW. Meyer (1995) observed a similar trend in the 
variance components, analyzing adult BW including or 
excluding records of 3-yr-old Hereford and crossbred 
females. In Brazil, Mercadante et al. (2004) suggested 
excluding BW of 2-and 3-yr-old cows for evaluating 
adult BW in Nelore cattle. However, it is important to 
remember that the trait under study is obtained rela-
tively late in the life of the animal, thus affecting the 
generation interval. Furthermore, exclusion of 2- and 
3-yr-old cow records may lead to information loss, in-
fluencing the genetic evaluation of adult BW, especial-
ly for younger sires.

The values of accuracy associated with sire breed-
ing values were greater in the repeated measurement 
models than in the single measurement models (Figure 
2). This result was expected, because, when using re-
peatability models, both heritability estimates and the 
number of records per animal increased.

For W2Y_S, W3Y_S, W4Y_S, W2Y_R, W3Y_R, and 
W4Y_R bivariate analyses, the EBV accuracy means 
for sires of cows with records were 0.65, 0.61, 0.52, 

Figure 1. Observed mean (■) and SD (bar) for ma-
ture BW, by age class.

Table 2. Variance components and genetic and phenotypic parameters of mature BW, 
obtained by bivariate analyses with weaning weight (WW), and, in parentheses, heri-
tability estimates and SE obtained by univariate analyses 

Trait1 s
a
2 s

c
2 s

e
2 h2 c2 t

W2Y_S 680.28 — 1,707.57 0.29 (0.21 ± 0.04) — —
W3Y_S 849.01 — 1,699.78 0.34 (0.24 ± 0.05) — —
W4Y_S 912.15 — 1,594.08 0.36 (0.26 ± 0.06) — —
W2Y_R 619.47 351.40 670.19 0.41 (0.25 ± 0.02) 0.20 0.59
W3Y_R 776.11 370.09 643.82 0.44 (0.30 ± 0.03) 0.21 0.64
W4Y_R 787.29 397.19 487.97 0.46 (0.34 ± 0.04) 0.24 0.72

1W2Y, W3Y or W4Y = BW starting at 2, 3, or 4 yr of age; _S = considering only the BW nearest 4.5 yr of 
age for each cow; _R = considering all records available for each cow, repeated records; s

a
2  = additive ge-

netic variance;  s
c
2  = permanent environmental variance;  s

e
2  = residual variance; h2 = heritability; c2 = 

proportion of phenotypic variance attributable to the permanent environment; t = repeatability.
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0.94, 0.92, and 0.89, respectively. These results again 
indicate the superiority in accuracy of estimates ob-
tained with repeated measurement analyses. In both 
cases, the use of information starting only at 4 yr of age 
reduced accuracy, compared with the use of repeated 
measurements considering BW from 2 and 3 yr of age. 
Excluding records of 2- and 3-yr-old cows is therefore 
not always beneficial, because it reduces the amount of 
information available, and consequently the accuracy 
of the estimates. However, considering BW from 2-yr-
old cows in the mature BW analyses could bias the es-
timates, because at this age the females are probably 
still far from reaching their adult BW.

These results are even more important for young 
bulls with no or just a few progeny. Our results showed 
that EBV accuracy means for young animals with no 

progeny information changed from 0.44 (W2Y_S), 0.41 
(W3Y_S), and 0.39 (W4Y_S) when considering single 
records to 0.76 (W2Y_R), 0.70 (W3Y_R), and 0.64 
(W4Y_R) when considering repeated records. There-
fore, when mature BW repeated records are used in-
stead of single records, it is possible to change the EBV 
accuracies from low to moderate, thus increasing ge-
netic gain.

Sire rank correlations between breeding values for 
adult BW estimated under different models are shown 
in Table 3. The correlations varied from 0.83 to 0.96, 
with greater values for repeated than for single record 
analyses. When a repeatability model was used, the 
sire rank correlation between W3Y_R and W4Y_R was 
close to unity (0.96), suggesting a similar sire rank re-
gardless of the inclusion of BW starting at 3 yr of age. 

Figure 2. Distribution of accuracy values associated with EBV of sires for W2Y_S, W3Y_S, W4Y_S, W2Y_R, 
W3Y_R, and W4Y_R, obtained by multivariate analyses. W2Y, W3Y, or W4Y = BW starting at 2, 3, or 4 yr of age; 
_S = considering only the BW nearest 4.5 yr of age for each cow; _R = considering all records available for each 
cow, repeated records.

Table 3. Spearman correlation coefficients between sire EBV for mature BW, obtained 
by bivariate analyses 

Variable1 W2Y_S W3Y_S W4Y_S W2Y_R W3Y_R W4Y_R

W2Y_S — 0.93 0.85 0.89 0.84 0.86
W3Y_S — — 0.88 0.83 0.91 0.89
W4Y_S — — — 0.81 0.92 0.95
W2Y_R — — — — 0.94 0.90
W3Y_R — — — — — 0.96

1W2Y, W3Y, or W4Y = BW starting at 2, 3, or 4 yr of age; _S = considering only the BW nearest 4.5 yr of 
age for each cow; _R = considering all records available for each cow, repeated records.
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In the same way, the sire rank correlation between 
W4Y_S and W4Y_R was high (0.95); however, less ac-
curacy was expected when using single records.

Considering sires selected for W4Y_S (as used in 
some Brazilian breeding programs), the degree of co-
incidence obtained if selection was based on any other 
trait (W2Y_S, W3Y_S, and so on) is presented in Table 
4. Large differences occurred, mainly when the selection 
intensity was high. Changes in the definition of mature 
BW and in the model of analyses are not without con-
sequences. When selecting the top 2 or 10% of the sires 
based on the predicted breeding values for W4Y_R, 84 
and 91% of the same sires, respectively, would be se-
lected if W3Y_R were considered as the selection crite-
rion when using the same intensity. Differences in ac-
curacy of the means when using either of these 2 traits 
was only 0.03. When the variance component estimates 
and breeding value accuracies were considered, the 
most appropriate model for genetic evaluation of ma-
ture BW would be a repeatability model, including BW 
starting at 3 yr of age.
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Table 4. Number and percentage of sires selected for mature BW, applying different 
selection intensities based on EBV for W4Y_S 

Trait1

Selected sires for W4Y_S, % (animals, n)

2 (12 animals) 10 (62 animals) 20 (123 animals) 50 (308 animals)

W2Y_S 61 (7) 72 (45) 79 (97) 87 (268)
W3Y_S 70 (8) 84 (52) 89 (109) 90 (277)
W2Y_R 42 (5) 66 (41) 71 (87) 89 (274)
W3Y_R 52 (6) 76 (47) 81 (100) 84 (259)
W4Y_R 68 (8) 79 (49) 85 (104) 93 (286)

1W2Y, W3Y, or W4Y = BW starting at 2, 3, or 4 yr of age; _S = considering only BW nearest 4.5 yr of age 
for each cow; _R = considering all records available for each cow, repeated records.
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