
ABSTRACT: The aim of the present study was to 
evaluate the genetic correlations among real-time ul-
trasound carcass, BW, and scrotal circumference (SC) 
traits in Nelore cattle. Carcass traits, measured by real-
time ultrasound of the live animal, were recorded from 
2002 to 2004 on 10 farms across 6 Brazilian states on 
2,590 males and females ranging in age from 450 to 599 
d. Ultrasound records of LM area (LMA) and backfat 
thickness (BF) were obtained from cross-sectional im-
ages between the 12th and 13th ribs, and rump fat 
thickness (RF) was measured between the hook and pin 
bones over the junction between gluteus medius and bi-
ceps femoris muscles. Also, BW (n = 22,778) and SC (n 
= 5,695) were recorded on animals born between 1998 
and 2003. The BW traits were 120, 210, 365, 450, and 
550-d standardized BW (W120, W210, W365, W450, 
and W550), plus BW (WS) and hip height (HH) on 
the ultrasound scanning date. The SC traits were 365-, 
450-, and 550-d standardized SC (SC365, SC450, and 
SC550). For the BW and SC traits, the database used 
was from the Nelore Breeding Program—Nelore Bra-
zil. The genetic parameters were estimated with mul-

tivariate animal models and REML. Estimated genetic 
correlations between LMA and other traits were 0.06 
(BF), −0.04 (RF), 0.05 (HH), 0.58 (WS), 0.53 (W120), 
0.62 (W210), 0.67 (W365), 0.64 (W450 and W550), 
0.28 (SC365), 0.24 (SC450), and 0.00 (SC550). Esti-
mated genetic correlations between BF and with other 
traits were 0.74 (RF), −0.32 (HH), 0.19 (WS), −0.03 
(W120), −0.10 (W210), 0.04 (W365), 0.01 (W450), 
0.06 (W550), 0.17 (SC365 and SC450), and −0.19 
(SC550). Estimated genetic correlations between RF 
and other traits were −0.41 (HH), −0.09 (WS), −0.13 
(W120), −0.09 (W210), −0.01 (W365), 0.02 (W450), 
0.03 (W550), 0.05 (SC365), 0.11 (SC450), and −0.18 
(SC550). These estimates indicate that selection for 
carcass traits measured by real-time ultrasound should 
not cause antagonism in the genetic improvement of SC 
and BW traits. Also, selection to increase HH might de-
crease subcutaneous fat as correlated response. There-
fore, to obtain animals suited to specific tropical pro-
duction systems, carcass, BW, and SC traits should be 
considered in selection programs.
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INTRODUCTION

In tropical countries, meat production is based main-
ly on Bos indicus (Zebu) cattle breeds and their crosses 
with Bos taurus. In these areas, BW and scrotal circum-
ferences (SC) at different ages have been used as selec-
tion criteria in most of the existing breeding programs, 
ignoring carcass and other growth traits. Because BW 
at any age are genetically and positively correlated, se-
lection for BW at young ages will result in larger birth 
and adult BW (Meyer, 1993; Kaps et al., 1999). Also, 
selection for faster growth will lead to large-frame ani-
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mals that mature at heavier BW (Meyer, 1993; Neph-
awe et al., 2004; Yokoo et al., 2007). This strategy is 
especially inappropriate for extensive production sys-
tems. Increasing frame size will increase maintenance 
requirements and, in environments with limited feed 
resources (i.e., extensive production system in tropi-
cal areas), will decrease reproductive rates (Montaño-
Bermudez and Nielsen, 1990; Jenkins and Ferrell, 1994; 
Beretta et al., 2002). Morris et al. (1993) suggested 
that environmental effects on pregnancy rate can be 
interpreted as an effect of food energy availability.

In general, crossbred animals from large-framed 
breeds produce carcasses with less subcutaneous fat and 
reduced carcass quality compared with medium-framed 
cattle (Camfield et al., 1997). Hip height (HH) is easily 
measured and less affected by environmental variations 
than BW (Baker et al., 1998) and therefore could be 
readily incorporated in cattle breeding programs.

Carcass traits can be quickly determined by real-time 
ultrasound (RTU), without the need for slaughtering 
the animals or assigning subjective visual scores. Car-
cass evaluation using RTU in live animals costs less 
than traditional progeny testing (Houghton and Turl-
ington, 1992). Previous studies (Robinson et al., 1992; 
Herring et al., 1994) have shown that RTU provides 
accurate measures of live animal fat thickness and LM 
area (LMA), enabling estimation of breeding values 
for young animals before the first mating.

Considering the opportunities for entering new mar-
kets and the increasing demand for greater quality beef, 
carcass traits and HH (i.e., frame score) could be in-
cluded in the Zebu breeding programs. Consequently, it 
is necessary to verify not only if these traits would be 
expected to respond to selection, but also to estimate 
the correlations among them and with traditional traits 
considered in tropical breeding programs. Therefore, 
the aim of the present study was to evaluate the genetic 
correlations of LMA and fat thicknesses over the 12th 
to 13th ribs (BF) and over the rump (RF) with BW 
and SC traits at different ages in Nelore cattle.

MATERIALS AND METHODS

Data were obtained from an existing database used 
by the Nelore Breeding Program—Nelore Brazil (Na-
tional Association of Breeders and Researchers, Ri-
beirão Preto, São Paulo, Brazil). On-farm data collec-
tion was conducted according to routine management 
procedures and conformed to the guidelines of NRC 
(1996).

Live-animal RTU records of 2,590 males and females 
ranging in age from 450 to 599 d and originating from 
10 farms in 6 Brazilian states were collected. Longis-
simus muscle area and BF were obtained from cross-
sectional images of the LM between the 12th and 13th 
ribs. Backfat thickness was estimated at the 3/4 posi-
tion from the chine bone end of the LM using the cross-
sectional LMA image. Moreover, RF was measured 
over the intersection between the gluteus medium and 

biceps femoris muscles located between the hooks and 
pin bones.

An ALOKA 500V (Corometrics Medical Systems 
Inc., Wallingford, CT) apparatus equipped with a 3.5-
MHz, 17.2-cm linear transducer (Aloka Co. Ltd., To-
kyo, Japan) and an acoustic coupler (standoff pad) was 
used to obtain the RTU images, collected according to 
the Ultrasound Guidelines Council (UGC) approved 
methodology (http://www.ultrasoundbeef.com/), de-
scribed in the Beef Improvement Federation guide-
lines (BIF, 1996). Records were stored using an im-
age capture system (Blackbox, Biotronics, Ames, IA) 
and subsequently analyzed in a centralized laboratory 
responsible for the quality of the data (Aval Serviços 
Tecnológicos S/S, Uberaba, Minas Gerais, Brazil). Ap-
propriate UGC-approved software with demonstrated 
accuracy and precision was used. Further details about 
the RTU measurements can be found in Yokoo et al. 
(2008).

Body weight (WS) and HH were also obtained at the 
time of scanning. Hip heights were measured directly 
over the hooks (hip bones) with the animal standing on 
a level surface, in accordance with the Beef Improve-
ment Federation Guidelines (BIF, 2002). The animals 
with RTU, HH, and WS records were born between 
2000 and 2002 and measured from 2002 to 2004.

Standardized BW and SC records of 22,778 and 5,695 
animals, respectively, born between 1998 and 2003 in 
the same herds were also used. Body weights were stan-
dardized to 120 (W120), 210 (W210), 365 (W365), 
450 (W450), and 550 (W550) d of age. The SC traits 
were standardized for 365 (SC365), 450 (SC450), 
and 550 (SC550) d of age and standardized for age 
and BW at 365 (SCW365), 450 (SCW450), and 550 
(SCW550) d of age. Standardized BW and SC were 
measured every 3 mo from birth to 18 mo of age and 
from 12 to 18 mo of age, respectively. Age-standardized 
BW and SC were obtained as in BIF (2002). Additional 
details about standardized BW and SC traits can be 
found in Yokoo et al. (2007).

Contemporary groups (CG) were defined as the 
groups of animals of the same sex, reared within man-
agement group and born in the same herd, year, and 
season [spring (September, October, and November), 
summer (December, January, and February), autumn 
(March, April, and May), or winter (June, July, and 
August)]. Data from animals with records 3 SD above 
or below the mean of their CG were discarded. Con-
temporary groups containing progeny of only 1 sire and 
those with fewer than 3 animals were excluded for the 
RTU carcass traits, as well as HH and WS. For the 
remaining traits CG with fewer than 8 animals were 
eliminated. Table 1 shows a summary of the final data 
structure.

To find initial values to be used in pairwise analyses 
of combinations of BW and SC traits with each RTU 
carcass trait, the variance components were estimated 
in single-trait animal models using REML (Patterson 
and Thompson, 1971). A summary of initial single-trait 
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genetic parameter values is presented in Table 1. Then, 
to minimize the influence of selection and culling, the 
multivariate (3-trait) animal models were fitted includ-
ing W120 because all animals had records at this age. 
The heritability estimates were obtained by averaging 
the genetic and phenotypic variances obtained in the 
multivariate analyses. All analyses were done with the 
MTDFREML (multiple-trait derivative-free REML) 
program developed by Boldman et al. (1995), which 
employs a derivative-free REML method. Convergence 
was assumed to occur when the variance of the sim-
plex (−2loge likelihood) reached 1 × 10−9. The program 
was reinitiated after each convergence, using the pre-
vious estimates as initial values. This procedure was 
repeated until the differences in the −2loge likelihood 
values between the last 2 convergences were less than 
1 × 10−4. Approximate SE of the genetic correlations 
were estimated using the procedures described in Reeve 
(1955) and Robertson (1959). The relationship matrix 
included 3 generations of pedigree information and con-
tained a total of 36,133 animals.

The models for all traits included a random ani-
mal genetic effect and CG as a fixed effect. For traits 
measured at or before 1 yr of age (W120, W210, and 
W365), random maternal genetic and permanent envi-
ronment effects were added to the model. Initially, the 
covariance between direct and maternal genetic effects 
was set to zero as suggested by Benyshek et al. (1988), 
Meyer (1997), and Albuquerque and Meyer (2001). 
Subsequently, to verify the importance of the genetic 
correlations between W120, W210, and W365 maternal 
genetic effects and LMA, BF, and RF direct genetic 

effects, analyses were performed estimating those par-
ticular covariances (i.e., without the constraint of zero 
covariance). Fixed effects considered for each trait were 
defined in preliminary analyses. The covariates, age of 
animal at scanning (linear effect) and age of dam (lin-
ear and quadratic effects), were considered for BF, RF, 
HH, and WS. For LMA only age of animal at scanning 
was kept in the model as a covariate. The fixed effect 
of age of dam class (6 classes: up to 35, 36 to 47, 48 to 
59, 60 to 71, 72 to 119, and greater than 120 mo of age) 
was included in the W120, W210, and W365 models. 
Scrotal circumferences were analyzed with and without 
standardized BW at the respective ages as linear and 
quadratic covariates in the model.

The model for RTU carcass traits can be represented 
in matrix format as y = Xβ + Za + e, where y is the 
vector of observations, β is the vector of unknown fixed 
effects, a is the vector of unknown random effects that 
represent the breeding value of each animal, e is the 
vector of unknown residual random effects, and X and 
Z are incidence matrices that relate the records to fixed 
and random genetic effects, respectively. The assump-
tions regarding the distributions of y, a, and e can be 
described as
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where G is the variance-covariance matrix of the ran-
dom effects of vector a, and R is the matrix of residual 

Table 1. Description of final data set of carcass traits as measured by ultrasound of the live animal, scrotal cir-
cumferences, and growth traits in Nelore cattle 

Trait1 No. of records Mean ± SD σ̂
f

2 2 ĥ2 3
± SE No. of sires No. of dams No. CG4

LMA, cm2 2,590 48.38 ± 8.72 30.21 0.29 ± 0.07 244 2,451 301
BF, mm 2,417 1.93 ± 1.09 0.60 0.50 ± 0.09 231 2,302 288
RF, mm 2,428 3.05 ± 1.97 1.00 0.39 ± 0.09 232 2,308 291
SC365, mm 5,377 209.68 ± 22.60 353.05 0.46 ± 0.05 372 3,917 169
SCW365, mm 245.18 0.46 ± 0.04
SC450, mm 5,695 245.87 ± 30.22 607.29 0.51 ± 0.05 385 4,109 188
SCW450, mm 455.82 0.54 ± 0.05
SC550, mm 1,771 276.78 ± 34.44 644.45 0.43 ± 0.09 204 1,543 129
SCW550, mm 486.36 0.52 ± 0.10
HH, cm 2,356 136.06 ± 5.04 13.99 0.46 ± 0.09 226 2,308 250
WS, kg 2,551 323.93 ± 58.00 775.83 0.33 ± 0.08 231 2,416 308
W120, kg 22,778 128.78 ± 19.23 212.24 0.22 ± 0.03 540 11,759 630
W210, kg 17,068 186.72 ± 28.48 416.83 0.22 ± 0.03 490 9,699 534
W365, kg 13,973 250.39 ± 39.84 589.31 0.32 ± 0.03 473 8,121 556
W450, kg 11,957 298.47 ± 46.63 719.50 0.36 ± 0.04 451 6,896 443
W550, kg 4,254 347.14 ± 63.55 984.04 0.44 ± 0.05 249 3,096 201

1LMA = LM area; BF = backfat thickness; RF = rump fat thickness; SC365, SC450, and SC550 = standardized scrotal circumferences at 365, 
450, and 550 d of age, respectively; SCW365, SCW450, and SCW550 = scrotal circumferences standardized for age and BW at 365, 450, and 
550 d, respectively; WS and HH = BW and hip height obtained at the time of scanning, respectively; W120, W210, W365, W450, and W550 = 
standardized BW at 120, 210, 365, 450, and 550 d of age, respectively.

2
σ̂
f

2  = estimates of phenotypic variance in one-trait analyses.

3
ĥ2  = estimates of direct heritability in one-trait analyses.

4No. CG = number of contemporary groups.
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variances and covariances. The G and R matrices are 

described as G A G
0

= ⊗ ,  where A is the relationship 

matrix, G0 is the additive genetic variance-covariance 
matrix between traits, and ⊗  is the direct product op-

erator, and as R I R
0

= ⊗ ,  where I is the identity ma-

trix of the same order as y, R0 is the matrix of residual 
variance-covariance between traits, 0 is the null vector, 
and Φ is the null matrix.

RESULTS AND DISCUSSION

For RTU carcass traits, SC and HH the estimates of 
heritability were moderate to high, varying from 0.35 
to 0.63, indicating substantial additive genetic effects 
for these traits. Heritability estimates for standardized 
BW were moderate to high ranging from 0.23 to 0.49. 
All heritability estimates were within 1 SE of those ob-
tained by single-trait analyses. The estimated genetic 
correlations between LMA and subcutaneous fat traits 
(BF and RF) were not significantly different from zero 
(0.06 ± 0.07 and −0.04 ± 0.06, respectively). The BF 
and RF are determined, largely, by the same groups of 

genes (rg = 0.74 ± 0.03). These results were already 
discussed in Yokoo et al. (2007, 2008).

The estimates of genetic and environmental correla-
tions between RTU carcass traits and SC and growth 
traits in Nelore cattle are presented in Tables 2 and 
3. The estimated genetic correlation between LMA 
and HH was not significantly different from zero (0.05 
± 0.08). Thus, selection for HH could be effective for 
changing animal size (frame) but would not be related 
to changes in LMA. This result is similar to those re-
ported by Waldner et al. (1992) for Brangus, Riley et 
al. (2002) for Brahman, and Schenkel et al. (2004) for 
young Bos taurus beef bulls.

There was a negative and moderate genetic correla-
tion between HH and both subcutaneous fat traits (BF, 
−0.32 ± 0.06; RF, −0.41 ± 0.07). As in the present 
work, Schenkel et al. (2004) and Nephawe et al. (2004) 
also estimated negative correlations between HH and 
BF, but although significantly different from zero, their 
estimates were of smaller magnitude (−0.17 and −0.16, 
respectively). When analyzing the genetic correlations 
between subcutaneous fat and height measured at dif-
ferent body locations, such as hump height or wither 

Table 2. Estimates of genetic (ˆ )r
g

 and environmental (ˆ )r
e

 correlations between carcass 

traits as measured by ultrasound of the live animal and growth traits in Nelore cattle 

Trait1

LMA, cm2 BF, mm RF, mm

 r̂
g

± SE2   r̂
e
  r̂

g
± SE2   r̂

e
  r̂

g
± SE2   r̂

e
 

W120, kg 0.53 ± 0.02 0.31  −0.03 ± 0.03 0.16  −0.13 ± 0.03 0.07
W210, kg 0.62 ± 0.02 0.27  −0.10 ± 0.03 0.22  −0.09 ± 0.03 0.08
W365, kg 0.67 ± 0.02 0.35  0.04 ± 0.03 0.29  −0.01 ± 0.04 0.21
W450, kg 0.64 ± 0.03 0.34  0.01 ± 0.04 0.36  0.02 ± 0.05 0.24
W550, kg 0.64 ± 0.03 0.34  0.06 ± 0.05 0.27  0.03 ± 0.05 0.12
WS, kg 0.58 ± 0.03 0.45  0.19 ± 0.05 0.31  −0.09 ± 0.05 0.41
HH, cm 0.05 ± 0.08 0.27  −0.32 ± 0.06 0.35  −0.41 ± 0.07 0.39

1LMA = LM area; BF = backfat thickness; RF = rump fat thickness; W120, W210, W365, W450, and W550 
= standardized BW at 120, 210, 365, 450, and 550 d of age, respectively; WS and HH = BW and hip height 
obtained at the time of scanning, respectively.

2SE = approximate SE.

Table 3. Estimates of genetic (ˆ )r
g

 and environmental (ˆ )r
e

 correlations between carcass 

traits as measured by ultrasound of the live animal and scrotal circumferences in Nelore 
cattle 

Trait1

LMA, cm2 BF, mm RF, mm

 r̂
g

± SE2   r̂
e
  r̂

g
± SE2   r̂

e
  r̂

g
± SE2   r̂

e
 

SC365, mm 0.28 ± 0.05 0.13  0.17 ± 0.04 −0.15  0.05 ± 0.05 0.00
SC450, mm 0.24 ± 0.05 0.25  0.17 ± 0.05 −0.20  0.11 ± 0.05 −0.09
SC550, mm 0.00 ± 0.07 0.48  −0.19 ± 0.06 0.08  −0.18 ± 0.07 0.24
SCW365, mm −0.11 ± 0.04 −0.01  0.14 ± 0.04 −0.34  0.10 ± 0.05 −0.13
SCW450, mm 0.00 ± 0.05 0.03  0.14 ± 0.05 −0.46  0.11 ± 0.05 −0.17
SCW550, mm 0.00 ± 0.06 0.26  −0.12 ± 0.06 −0.05  0.00 ± 0.07 0.17

1LMA = LM area; BF = backfat thickness; RF = rump fat thickness; SC365, SC450, and SC550 = standard-
ized scrotal circumferences at 365, 450, and 550 d of age, respectively; SCW365, SCW450, and SCW550 = 
scrotal circumferences standardized for age and BW at 365, 450, and 550 d, respectively.

2SE = approximate SE.
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height, Aass (1996) and Smith et al. (2007) also found 
moderately negative genetic correlations of −0.29 and 
−0.20 between these traits, respectively. However, some 
authors (e.g., Waldner et al., 1992; Bergen et al., 2005) 
reported that the genetic correlation between HH and 
BF was close to zero (−0.07 and 0.01, respectively). 
Therefore, our results suggest that long-term selection 
for taller animals would tend to produce animals with 
less subcutaneous fat (i.e., later maturing in terms of 
carcass finishing). Although the Nelore breed shows 
lean to fat ratios intermediate between British and 
Continental breeds (Cundiff, 2004), in general they 
reach slaughter BW with less subcutaneous fat than 
that necessary to minimize carcass evaporative weight 
loss during the cooling process. This is largely due to 
management practices in tropical areas, where animals 
are finished on pasture or in short-period feeding based 
on conserved forage, such as silage or sugar cane (Albu-
querque et al., 2006). In these areas, for Zebu breeds, 
both traits (HH and subcutaneous fat) should be con-
sidered as selection criteria, and appropriate selection 
indexes should be developed for this specific production 
system.

The estimation of the genetic correlation between di-
rect and maternal effects using field data are not sim-
ple, with strong dependence on the data structure. Ger-
stmayr (1992) reported that a large proportion of dams 
without their own performance and a small number of 
progeny per dam negatively affected the reliability of 
the estimated parameters. Published estimates are gen-
erally negative and increased magnitude (Benyshek et 
al., 1988; Gerstmayr, 1992; Meyer, 1997).

To detect possible genetic correlations between the 
weaning weight maternal effect and the RTU carcass 
traits direct genetic effects, models allowing them to 
fluctuate were used, as reported by Splan et al. (2002). 
The estimate of W210 direct and maternal genetic cor-
relation was negative and moderate (−0.32 ± 0.02), 
and including this effect in the model changed the di-
rect correlation estimates between W210 and the RTU 
carcass traits only slightly. The estimated correlations 
between W210 and LMA, BF, and RF direct effects 
were 0.52 ± 0.02, −0.15 ± 0.03, and 0.09 ± 0.03, respec-
tively. In addition, correlation estimates between W210 
maternal genetic effect and LMA, BF, and RF direct 
effects were 0.43 ± 0.04, 0.31 ± 0.06, and 0.00 ± 0.06, 
respectively. Similar results were found for W120 and 
W365. Positive, but less than in the present work, ge-
netic correlation estimates between direct carcass traits 
(LMA and BF) and maternal genetic weaning weight 
effects were reported by Splan et al. (2002) in crossbred 
cattle. These results suggest that LMA and BF direct 
effects are partially determined by the same group of 
genes as BW maternal genetic effects. Because these 
correlations are not large in magnitude and the herita-
bilities of maternal effects are low (ranging from 0.09 
± 0.03 to 0.16 ± 0.03), selection for maternal ability 
would not be expected to result in important changes 
in carcass traits measured by RTU. On the other hand, 

when selection is applied to improve maternal ability 
(a very important trait in tropical areas), antagonistic 
effects on carcass traits are not expected either.

The genetic correlations of BW at different ages were 
moderate and positive with LMA and close to zero with 
subcutaneous fat traits (BF and RF). These estimates 
are close to several described in the literature (Waldner 
et al., 1992; Shepard et al., 1996; Wilson et al., 2001). 
However, Stelzleni et al. (2002), working with approxi-
mately 1,200 Brangus animals between 320 and 410 
d of age, estimated a genetic correlation between BF 
and BW at scan date (0.42) greater than found in this 
study. Our results indicate that selection for BW would 
increase LMA in the medium or long term as a cor-
related response, but would not change subcutaneous 
fat. Usually, in most of the animal breeding programs 
in the tropics, the emphasis has been mainly on selec-
tion for BW, given that this trait is easy and inexpen-
sive to measure in large populations. Nonetheless, this 
criterion is not effective to improve carcass merit, such 
as carcass fat cover, because that requires increasing 
subcutaneous fat (BF and RF) as well. Nephawe et al. 
(2004) showed that selection for mature BW or height 
could be effective for changing size but would not be 
expected to result in much change in carcass and meat 
composition traits, such as percentage retail product, 
marbling, and tenderness. Moreover, if HH is not con-
sidered as a selection criterion, the selection for BW 
will increase HH as a correlated response (Yokoo et al., 
2007).

The estimated genetic correlations between carcass 
traits as measured by RTU of live animals and SC stan-
dardized to different ages (365, 450, and 550 d of age) 
and adjusted for BW were close to zero (Table 3). This 
indicates that selection for these carcass traits would 
not induce a change in SC and vice versa, and suggests 
few pleiotropic gene effects affecting these traits in 
Nelore cattle. Considering that SC is used as an indica-
tor trait for sexual precocity (Toelle and Robison, 1985; 
Pereira et al., 2001), it may be expected that sexually 
precocious animals would begin carcass fat deposition 
earlier (Foster and Nagatani, 1999). Thus, a positive 
genetic correlation between SC and subcutaneous fat 
was anticipated, at least at younger ages, but this was 
not confirmed by the present study (Table 3).

These estimates agreed with those reported by Wil-
son et al. (2001) in Bos taurus. However, Turner et al. 
(1990) with Hereford and Johnson et al. (1993) with 
Brangus estimated negative and moderate to high ge-
netic correlations between subcutaneous fat thickness 
and SC (−0.89 and −0.33, respectively), and positive, 
low to moderate genetic correlations between LMA and 
SC (0.49 and 0.19, respectively). However, the data set 
analyzed by Turner et al. (1990) was relatively small 
(385 male animals). Estimates of genetic parameters 
for carcass traits as measured by RTU of live animal 
in Nelore cattle are rare, with only few estimates be-
ing reported, most of them in conference proceedings. 
The estimates obtained in the present study are similar 
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to those reported by Barbosa et al. (2005) in Nelore 
animals.

In this study, adjusting or not SC for BW had prac-
tically no effect on genetic correlation estimates with 
subcutaneous fat (BF and RF; Table 3). On the other 
hand, estimates of genetic correlations of SC at 365 and 
450 d of age with LMA were greater when SC were not 
adjusted for BW than when they were adjusted (0.28 
and 0.24, respectively; Table 3). These results could be 
expected, considering the genetic correlation between 
LMA and BW (Table 2). These values are similar to 
those described by Meyer et al. (2004) for Hereford 
cattle and Schenkel et al. (2004) for Bos taurus bulls.

In conclusion, beef production in the tropics de-
pends mainly on Bos indicus (Zebu) breeds. There is 
a consensus that carcass merit is one of the traits that 
needs improvement in these breeds. One tool to evalu-
ate carcass quality is RTU. The results of this study 
show that LMA and subcutaneous fat thickness mea-
sured by RTU can be used as selection criteria, allowing 
estimation of breeding values before the first mating 
and accelerating the response to individual selection. 
In breeding programs of most tropical countries, BW 
and SC, measured at different ages, have been used as 
selection criteria. Even though HH is not included in 
selection criteria, there is a tendency for breeders to 
favor larger framed animals (i.e., there is a positive ge-
netic correlation between BW and HH); however, taller 
animals will deposit less subcutaneous fat. Selection for 
BW will lead to a correlated and desirable genetic re-
sponse in LMA, but with no change in subcutaneous 
fat. Consequently, to improve carcass merit, such as fat 
cover, selection criteria should include carcass measures 
in addition to BW.
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