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ABSTRACT: The aim was to estimate variance 
components of feet and legs in Nellore cattle. Feet and legs 
is a combined score aimed to evaluate the overall structure 
for both feet and legs at two different moments, leading to 
the definition of two different traits: A1) a binary trait 
measured at yearling; A2) feet and legs scores ranging from 
1 to 5. Variance components for A1 and A2 were estimated 
by single-trait threshold animal models under a Bayesian 
framework. Posterior means (highest posterior density 
interval at 95%) of heritability estimates were equal to 0.18 
(0.12 to 0.25) and 0.44 (0.28 to 0.58), for A1 and A2, 
respectively. Incidence of feet and legs problems in this 
population could be reduced through selection. Future 
studies should include multi-trait animal models in order to 
investigate alternatives to increase accuracy of genetic 
evaluation for the trait. 
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Introduction 
 

Most beef cattle in Brazil are created under semi-
extensive conditions. Having adequate locomotion  is 
essential to allow good productive performance, because 
animal are required to walk in relatively large areas of 
grasslands in search of food and water, whereas proper feet 
and leg structure is needed for natural service bulls to 
successfully breed cows as well to ensure reproductive 
longevity. For instance, excessively straight-legged bulls 
are somewhat prone to stifle injuries during mating (Boggs 
et al., 1998), what would invariably result in economic 
losses. 

For Nellore cattle, some Brazilian breeding 
programs have established a system to routinely evaluate 
feet and leg structure through visual scores, a trait usually 
referred to as feet and legs. Currently, some breeding 
programs use feet and legs as an independent culling 
criterion. That is, animals that phenotypically presents feet 
and legs problems are discarded or used less intensively in 
reproduction, what leads to remarkable economic losses 
because some of the culled animals have great genetic merit 
for other traits of economic relevance (e.g growth and 
carcass composition). Moreover, defective feet and legs, 
especially of the hind limbs, can be hereditable (ARTHUR , 
1977) , highlighting the importance of studying the trait 
aiming to reduce feet and legs problems. 

Possibly, a more efficient way to reduce the 
incidence of feet and legs problems, besides independent 
culling criterion, would be to carry out genetic evaluations 
for this trait using it as a selection criterion. This study was 
carried out to estimate variance components for two traits 
related to feet and legs in Nellore cattle, by using data from 
a commercial breeding program. 

Materials and Methods 
 

Data. Phenotypic records for feet and legs as well 
as pedigree information were available for Nellore cattle 
participating in PAINT®, the beef cattle breeding program 
of the company CRVLagoa Ltda. The animals were raised 
in tropical pasture systems, in herds located in the Central 
region of Brazil, being evaluated between 2003 and 2013. 

Feet and legs was evaluated by the assignment of a 
single visual score to evaluate the overall structure for feet 
and legs. Feet and legs was evaluated at two different 
moments, leading to the definition of two different traits: 
A1) a binary trait measured at yearling (about 550 days of 
age), aimed to identify whether an animal had defects 
related to feet and legs (A1=1) or not (A1=0); A2) feet and 
legs score ranging from 1 (less desirable) to 5 (more 
desirable) was assigned to the top 20% animals for the 
selection index adopted in this breeding program, which 
were candidates to receive CEIP (Special Certificate of 
Identification and Production) – an official certificate that 
testify the value of seedstock delivered by breeding 
programs and is a pre-requisite to commercialize seedstock 
from animals that are not registered in breeders associations 
in Brazil but are genetically evaluated as superior (top 20%) 
animals (Horimoto et al., 2007). The evaluation of A2 
occurred a few days after  the animals were evaluated at 
yearling, when the results of routine genetic evaluations 
were released. In the breeding program considered in this 
study, animals having undesirable score for A2 (A2=1) are 
not allowed to receive the CEIP, what quite often results in 
economic losses, due to the fact that genetically superior 
animals for growth and carcass traits have to be culled. 
 

Statistical methods. In preliminary analyses, 
generalized linear models were fitted in lme4 package in R 
software (R Development Core Team, 2011), in order to 
identify environmental effects influencing A1 and A2. 
Based on the results of such analyses, the final model  for 
the genetic analysis of both traits included a fixed effect of 
contemporary group (CG) and a linear effect of yearling 
age as covariate. CG were defined based on the 
concatenation of the effects of herd, year, and season of 
birth, sex, date of measurement at weaning, management 
group at weaning, date of measurement at yearling  and 
management group at yearling. To be considered in the 
genetic analyses, CG were required to have a minimum of 
10 animals as well as to have variability for the respective 
trait. Genetic connectedness among CG was verified using 
the AMC software (Roso & Schenkel, 2006), being that  
only CG connected to the main set, i.e. presenting more 
than 10 genetic links, were kept in the dataset used for 
estimation of variance components.  



Variance components were estimated by fitting 
single-trait threshold animal models, using 
THRGIBBS1F90 software (Misztal, 2014). For both traits, 
the threshold animal model included the fixed effects 
described earlier (CG and age of animal as covariate), as 
well as the additive direct genetic effects and a random 
residual term. A single chain with a length of 1,000,000 
cycles was generated for each trait, being that  a 
conservative burn-in of 100,000 cycles and a thinning 
interval of 250 cycles were applied. The coda package of R 
software (R Development Core Team, 2011) was employed 
to assess the convergence of chains through visual 
inspection as well as using Geweke's and Heidelberger & 
Welch tests. 

 
Results and Discussion 

 
Summary of statistics regarding the data used in 

the genetic analyses of feet and legs in Nellore cattle are 
presented in Table 1. For A2, most of the animals were 
rated with score ranging from 3 to 5 (71.2 %) (Table 1), 
suggesting that most animals presented satisfactory feet and 
legss. On the hand, for both traits, the incidence of 
extremely defective feet and legs was about 5% (A1) and 
7% (A2) (Table 1), what means that  considerable economic 
losses could be expected due to the fact that a relatively 
large number of animals could be unable of performing 
their productive and reproductive function satisfactorily as 
a consequence of feet and legs problems. 

 
Table 1. Summary statistics regarding to the data 
employed in the genetic analyses offeet and legs in 
Nellore cattle 
Trait Data structure   

 N NCG NS ND   
A1 96836 2105 748 73272   
A2 14708 897 340 12920   

Trait Score frequency distribution* 
A1 0 1 2 3 4 5 

 92469 4367    - 
 (95.5) (4.5)     

A2  1040 3192 6088 3616 772 
  (7.1) (21.7) (41.4) (24.6) (5.2) 

A1 = feet and legs evaluated as a binary trait (score s assigned to all 
animals measured at yearling) 
A2 = feet and legs scores ranging from 1 (less desirable) to 5 (more 
desirable) (assigned to the top 20% animals for  the selection index applied 
in this population, composed by productive and reproductive traits 
measured at weaning and yearling ) 
N = number of observations 
NCG = number of contemporary groups 
NS = number of sires 
ND = number of dams 
*Absolute frequencies of each score are presented followed by the relative 
proportion (in %). 

 
Summary statistics for the marginal posterior 

distribution of variance components and heritability 
obtained in the analysis are presented in Table 2. For both 
traits, mean, mode and median of the estimated parameters 
were relatively close, indicating symmetry of posterior 
distribution. Importantly, the symmetry of estimated 
measures of central tendency is indicative of the 

convergence of the sampling chain and an accurate analysis 
(Silva et al., 2005). 

 
Table 2. Statistics pertaining to the marginal posterior 
distribution of variance components and the heritability 
of feet and legs in Nellore cattle 
trait par Me Md Mo SD L U ES 
A1 va 0.22 0.21 0.18 0.05 0.13 0.31 90 

 ve 1.01 1.01 1.01 0.01 0.99 1.02 3600 
 h2 0.18 0.17 0.17 0.03 0.12 0.24 90 

A2 va 0.09 0.08 0.11 0.02 0.06 0.12 2792 
 ve 0.12 0.10 0.11 0.06 0.05 0.23 3991 
 h2 0.44 0.44 0.44 0.08 0.28 0.58 3182 

A1 = feet and legs evaluated as a binary trait (score s assigned to all 
animals measured at yearling) 
A2 = feet and legs scores ranging from 1 (less desirable) to 5( more 
desirable) (assigned to the top 20% animals for  the selection index applied 
in this population, composed by productive and reproductive traits 
measured at weaning and yearling ) 
par=parameter 
va= genetic additive variance 
ve=residual variance 
h2= heritability 
Me. Md, Mo = mean, median and mode, respectively 
SD =standard deviation 
L= lower limit for the highest posterior density interval at 95% 
U=upper limit for the highest posterior density interval at 95% 
ES= number of effective samples 

 
The heritability estimate for A1 was lower than for 

A2 (posterior means about 0.18 and 0.44, respectively). 
Such result may be explained by a lack of systematic 
routine evaluation of feet and legs in more detail at 
yearling, so that only the most extreme cases end up being 
notified. Also the dichotomization of feet and legs 
evaluation in A1 may cause some loss of information when 
compared  to A2,  resulting in smaller variability. For 
polychotomous traits, similar type of dichotomization had 
been associated to loss of power in genetic studies (Brisbin 
et al., 2010). Another aspect that could influence the 
differences between heritability estimates for A1 and A2 
may be related to lower reproducibility of the evaluations 
made by the technicians responsible for performing the 
evaluation of feet and legs at yearling, when compared to 
more detailed evaluations carried out for A2. 

Estimates of heritability and additive genetic 
variance obtained for A2 (0.435 and 0.085) were similar to 
those obtained by Passafaro et al. (2013) (0.36 and 0.08), 
which analyzed data from a different Nellore population 
under a slightly different evaluation system (scores ranging 
from 1 to 6). Jeyaruban et al. (2012) studying Angus cattle 
obtained estimated heritabilities using a univariate threshold 
animal model ranging from 0.22 to 0.50 for traits similar to 
A2. Such findings suggest that feet and legs should respond 
favorably to selection. Considering that A2 has more 
evaluation categories that A1, it is possible that this 
criterion is more appropriate to describe the variability 
between the animals feet and legs. A disadvantage of A2 is 
that it is evaluated just in part of the yearling animals. 

Future studies should consider multi-trait analyses 
including A1 and A2 as well as other selection criterion 
applied in this population. Besides allowing to evaluate the 
genetic associations between feet and legs traits and the 



traits that compose the current selection index, such multi-
trait models could be useful, to increase the accuracy of 
genetic evaluation for feet and legs as well as alleviate 
eventual effects of sequential selection (since only the top 
20% animals for the selection index, i.e. candidates to 
CEIP, are routinely evaluated for A2), which may have 
biased the estimates obtained in this study. 

 
Conclusion 

 
The incidence of feet and legs problems in this 

population could be reduced through selection. Future 
studies should consider fitting multi-trait animal models in 
order to investigate alternatives to increase accuracy of 
genetic evaluation for feet and legs as well as to evaluate 
the genetic association between feet and legs traits and the 
selection criteria currently applied in this population. Given 
the greater heritability of A2 and the greater amount of 
information available for A1, other alternative would be to 
combine the information from both traits to increase the 
accuracy of evaluations for feet and legs 
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