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ABSTRACT: Data of 9,660 cows were recorded 
from ten herds spread out in twelve Brazilian states, and 
participating in the Delta G Connection beef cattle breeding 
program. The objective of this study was to estimate 
genetics parameters of body condition score (BCS), age at 
first calving (AFC) and calving interval (CI) of Nellore 
cows. Hip height was recorded at time of mature weight, 
one week before calf weaning, and body condition score 
was measured at weaning. We considered the following 
sources of variation in the model: contemporary group, 
reconception, calving order, age of first calving, calving 
interval, gestation length, hip height, long yearling weight 
and mature weight of cows, and the weaning weight and the 
scores of conformation, early finishing and muscling 
assigned to calves at weaning. The genetic parameters were 
estimated by Bayesian inference, using an animal model. 
The heritability values estimated for BCS, AFC and CI 
were 0.23, 0.45 and 0.01, respectively. The genetic 
correlation estimates between BCS and CI, and BCS and 
AFC were negative and moderate, -0.43 and -0.32, 
respectively. BCS and AFC may respond to direct selection. 
The body condition score of Nellore cows may be used as 
an indirect measure to improve sexual precocity and 
reproductive assiduity of Nellore cows.   
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Introduction 
 

Reproductive traits are of great economic 
importance in beef cattle. There are several criteria to 
evaluate the reproductive efficiency of the herd. Among 
them, age at first calving (AFC) and calving interval (CI) 
are indicators of sexual precocity and reproductive 
assiduity, respectively. However, these traits vary greatly 
due mainly to the extensive rearing system. The 
reproductive performance is directly linked to animal body 
condition, which is a measure of the energy reserves that 
the cow stores for the reproductive activities and to produce 
one calf per year.    

The body condition score (BCS) ranks the animal 
according to muscling cover and fat mass. It may be a quick 
and non-invasive method to evaluate cow energy balance, 
i.e., whether she is able to enter the next breeding season. 
Despite being a visual assessment, BCS is a heritable trait 
that can be introduced in farm management without hassle 
and cost. Moreover, this score can be correlated with 
reproductive traits, such as AFC and CI. 

According to Johnston et al. (1996), BCS 
heritability measured in cows of different breeds varied 
between 0.17 and 0.21. On the other hand, age at first 
calving and calving interval traits are little influenced by 
genetic factors, when studied in many beef breeds, 

including Nellore. AFC heritability values vary from 0.09 
(Castro-Pereira et al. (2007)) to 0.14 (Boligon et al. (2008)). 
The CI estimates were lower and varied from 0.08 (Yague 
et al. (2009)) to 0.12 (Gutiérrez et al. (2007)). 

However, the studies in the literature do not 
provide estimates of genetic correlations between BCS and 
reproductive traits. In this context, it is necessary to know 
these relationships to include BCS as a selection criterion 
for cows in breeding programs. Thus, the objective of this 
study was to estimate genetic parameters of BCS, AFC and 
CI. 

 
 

Materials and Methods 
 

Cows in pasture system. Data from 9,660 cows born 
between 1988 and 2007, from ten Nellore cattle herds 
spread throughout twelve Brazilian states, and participating 
in the Delta G Connection beef cattle breeding program 
were used. All of the cows had been maintained in tropical 
pasture systems and received mineral salt. Mating occurred 
in the rainy season, usually between November and 
January, by means of controlled natural breeding, or 
artificial insemination. Cows that did not conceive during 
the breeding season were removed from the herd, but their 
records were included in the present analyses. The weaning 
of calves occurred around seven months of age, between 
June and August. 

Data. The data file contained genealogical and 
zootechnical information, as well as data describing the 
performance of their offspring. One BCS measurement was 
made per cow, during the weaning period of one offspring. 
Five phenotypic classes were considered for the score 
assignment, according to the model proposed by Machado 
et al. (2008), ranging from 1 (cachectic) to 5 (obese). The 
means and respective standard deviations of age at first 
calving and calving intervals were: 34.70 months ± 3.30; 
14.13 months ± 4.23, respectively. The reproductive status 
of the female was evaluated upon the diagnosis of 
pregnancy. Non-pregnant cows received a score of 1, and 
pregnant cows received a score of 2, corresponding to a 
trait called reconception. The CI considered in the analysis 
was that one closest to the BCS measurement. Visual scores 
of calf conformation early finishing and muscling at 
weaning were divided into five phenotypic classes, 
according to the methodology described by Queiroz et al. 
(2011). A score of 1 was assigned to the worst performing 
animal, and a score of 5 was assigned to the calf with the 
best conformation, early finishing or muscling.  

Statistical analysis.  This research analyzed BCS 
and two continuous reproductive traits, AFC and CI. The 
general model (2-trait linear threshold) was: 



Y= Xβ + Zα + ε 
where, Y is the vector of observations (BCS, AFC, CI), β is 
the vector of non-genetic effects (contemporary group, 
scores of conformation, precocity and muscling of calf, 
calving order, reconception, gestation length, yearling 
weight, maturity weight and hip height and calf weaning 
weight, with the last seven effects as covariates); α is the 
vector of the effects of direct additive genetic values of 
each animal and ε is the vector of random residual effects; 
X and Z are incidence matrices relating observations to 
non-genetic and direct additive genetic effects, respectively. 
Contemporary group was formed by concatenating the 
following variables: herd, year and season of birth, sex of 
calf of the first pregnancy and management group from 
weaning to long yearling, for AFC. For CI, contemporary 
group included the effects of herd, year and season of 
calving, sex of calf and management group during 
pregnancy.  

The GIBBS2F90 program was used (Misztal 
(2013)) to fit the animal model. Three chains with length of 
500,000 cycles were generated and the burn-in period was 
50,000 cycles.  Each chain had been initiated from different 
initial values. The samples were stored every 50 cycles. The 
convergence of the chains generated by the Gibbs sampler 
was monitored by graphical analysis, descriptive statistics, 
diagnosis convergence based on Geweke and Heidelberger 
& Welch test, using the R software ‘coda’ package (R 
Development Core Team (2012)). 

 
 

Results and Discussion 
 

The analysis of the chains generated by the 
Gibss2F90 software (Misztal, 2013) showed that discard 
period and sampling interval were sufficient to determine 
chain convergence. For all evaluated traits no significant 
differences were observed between the central tendency 
measurements, indicating symmetry of posterior 
distributions.  Regarding heritability estimates, the limits of 
the higher posterior density containing 95% of the 
observations were low (Table 1).  

 
BCS and AFC. The BCS heritability estimate was 

moderate (0.22) while the value for age at first calving was 
unexpectedly high (0.45), indicating that the last trait was 
greatly influenced by genetic components. Probably, the 
model was not able to remove all the environmental 
differences among animals, resulting in upper biased 
estimate of additive genetic variance and consequently high 
estimate of heritability for AFC. Additionally, the genetic 
correlation (-0.32) between AFC and BCS indicates that 
some additive genes are acting on both traits. The result 
was in agreement with the findings reported by Pereira et 
al. (2006), who studied age at first calving using survival 
analysis, and found values of AFC heritability ranging from 
0.51 to 0.76. On the other hand, the heritability estimates 
for age at first calving in other studies was lower and 

ranged from 0.03 (Buzanskas et al. (2012)) using Canchim 
cattle, to 0.23 (Barrozo et al. (2011)) with Nellore. In 
addition, if females were exposed to bulls, or inseminated 
until 18 months of age, the genetic variability for AFC 
could be even higher. In this study, BCS was measure at 
mature age, and that, could contribute to the weak genetic 
correlation between both traits. 

 
BCS and CI. The BCS heritability (0.23) was 

almost the same as estimated in the previous analysis. 
Calving interval presented a very low heritability estimate 
(0.01), showing that this trait was mostly influenced by 
environmental components. Probably this estimate would 
be a bit more expressive if the dataset included more 
females with records on CI, but the animals in the file was 
limited by the cows with BCS records. The moderate value 
for the genetic correlation between CI and BCS (-0.43) 
indicates that an increase in BCS may cause a reduction in 
calving interval. Buzanskas et al. (2012) reported CI 
heritability estimate a little higher (0.06) than that in this 
study. In general, regardless of breed, the calving interval is 
more affected by environmental factors than age at first 
calving. This trait covers the service period which is very 
dependent on the management and feeding. Factors such as 
insemination or breeder use failure, pregnancy loss, among 
others, can increase CI. Furthermore, when reproduction 
follows the breeding season, CI is not the most suitable trait 
for assessing cow reproductive assiduity, although it is a 
very easy trait to be collected. 

 
 

Conclusion 
 
BCS and AFC may respond to direct selection. 

BCS can be a predictor of cow reproductive status, and can 
be used as an indirect measurement to reduce calving 
interval and assist management before the first calving of 
Nellore cows.    
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Table 1. Summary statistics for the marginal posterior 
distribution of variance components and heritabilities of 
body condition score (BCS), age at first calving (AFC) 
and calving interval (CI). 
Trait Mean SD* TS-SE** HPDL*** HPDU**** 

Analysis 1 
h2 BCS 0.232 0.027 0.0009 0.1806 0.2870 
h2 CI 0.013 0.007 0.0007 0.0019 0.0281 

rg -0.438 0.269 0.0326 -0.9214 0.0423 
re -0.001 0.018 0.0010 -0.0373 0.0330 

Analysis 2 
h2 BCS 0.228 0.028 0.0004 0.17411 0.2835 
h2 AFC 0.457 0.027 0.0008 0.40363  0.5105 

rg -0.324 0.065 0.0016 -0.4519 -0.2007 
re 0.033 0.029 0.0005 -0.0222 0.0923 

*SD = standard deviation 
**TS-SE = time series standard error (for adjusting the 
“naïve” standard error for autocorrelation) 
***HPD = highest posterior density (lower limits for the 
interval at 95%) 
***HPDU = highest posterior density (upper limits for the 
interval at 95%) 
  
 


