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ABSTRACT: The objective of this study was to estimate 
genetic parameters for rank of Dairy Gir cattle using 
Thurstonian procedures, in order to provide data that con-
tribute to the selection and consequent genetic improvement 
of the breed in Brazil. Data were provided by the Brazilian 
Association of Dairy Gir Breeders (ABCGIL) and consisted 
of 9,587 rank records obtained from 4,915 females partici-
pating in agricultural shows that occurred from 2008 to 
2013. In order to include the level of difficulty in the mod-
el, different weights were attributed to the shows. The her-
itability estimate for rank was 0.21 and the repeatability 
was 0.63.  
Keywords: dairy cattle; heritability; repeatability;  
zebu cattle 
 
 

Introduction 
 

Selection of domestic animals based on morpho-
logical traits has been used for hundreds of years. Standards 
have been established from sets of visually evaluated exter-
nal characteristics, which led to the creation of breeds and 
formation of entities responsible for genealogical registers. 
By the 1990s when breed patterns were already fixed in the 
main cattle breeds, morphological evaluation started to seek 
the functionality of the animal, focusing on productive traits 
rather than on breed characteristics. Therefore, the current 
objective of livestock judging is to promote harmony be-
tween economically important traits that attend the national 
and international market. Although livestock judging does 
not use genetic breeding techniques, agricultural shows 
exert an effect on matings since reproductive biotechnolo-
gies permit the genetic material of winner animals to be 
rapidly disseminated in the population. In Brazil, these de-
cisions continue to persist since winner animals are highly 
valued. 

 
Rank analyses are commonly used for horses, but 

can also be evaluated in beef and dairy cattle. Analisys with 
Thurstonian model in dairy cattle was not found in litera-
ture. In rank analysis, the level of difficulty of a show 
should be determined and included in the analysis model 
(Tavenier, 1991). The aim of the present study was to esti-
mate genetic parameters for rank using a Thurstonian model 
in Dairy Gir performances, to evaluate the possibility to use 
the model for cattle data. 

 

Materials and Methods 
 

Origin and description of the data. Final rank 
records of Dairy Gir females obtained in official judgings 
and provided by the Brazilian Association of Dairy Gir 
Breeders (ABCGIL) were used in this study. After editing 
the databases, 9,587 rank records resulting from the judging 
of 4,915 females participating in agricultural shows that 
occurred from 2008 to 2013 were analyzed.  

 
Analysis of rank using a Thurstonian model. 

The variance components were estimated using a Bayesian 
approach of the Thurstonian model (Gianola and Simianer, 
2006), implemented in the TMCLA program (Ricard and 
Legarra, 2010, 2012). The model included an underlying 
variable responsible for rank and can be written as follows: 

 
l ik = x’ik β + z’ik a + z’ ik p + w’ ik h + e ik, 

 
where i is the animal; β are fixed effects (judge and class of 
breeder/exhibitor); a is the vector of random additive genet-
ic effects; p is the vector of random permanent environmen-
tal effects; h is the vector of the random effect of agricul-
tural show; e is the vector of residual effects, and xik, zik and 
wik are incidence matrices. Residuals for each performance 
were drawn from a normal distribution with fixed residual 
variance of 1 (σ²r = 1), as suggested by Ricard & Legara 
(2010) that validated the model in horses. 
 

Age was the criterion used to divide the animals 
into categories in the shows. According to the regulation of 
ABCGIL, male and female animals are divided into 22 
classes, with the first class including animals aged 8 to 9 
months, and so forth until the 22nd class (animals aged 120 
to 144 months), and are judged separately. In order to in-
clude the level of difficulty of each show in the model, dif-
ferent weights were attributed to the shows depending on 
their classification. The following levels were considered: 
1) specialized shows, 2) regional shows, 3) state and inter-
state shows, and 4) national and international shows. This 
classification is already being used by ABCGIL to differen-
tiate the weights of shows in the official annual ranking. A 
total of 250,000 samples were generated in the analyses, 
with a burn-in period of 50,000 samples and a thinning in-
terval of 100. Convergence was evaluated by graphic analy-
sis and by the Heidelberger & Welch test (1983) using the 
functions of the BOA package available in the R program. 



Results and Discussion 
 

The mean, median and mode of variance compo-
nents and heritability for rank were closely similar (Table 
1), demonstrating that the distributions of the estimates 
were relatively symmetrical and that there was convergence 
in the analyses. The heritability for female rank in agricul-
tural shows was of moderate magnitude (Table 1), suggest-
ing the possibility of genetic gain through selection. In ad-
dition, a large part of the differences in rank between ani-
mals could be attributed to environmental effects. The ef-
fect of the permanent environment was two times higher 
than that of the additive genetic effect The repeatability 
estimated for this trait was 0.63 suggesting that animals that 
win at one agricultural show tend to be winners at other 
shows, since judges and exhibitors repeat. The impact of 
these successive classifications at agricultural shows on the 
dissemination of the genetic material of the winners in the 
population occurs frequently, and there seems to be a cul-
ture among breeders that is perpetuated although genetic 
evaluation programs for Zebu cattle are available in Brazil. 

 
Table 1: Mean, median, Monte Carlo error (EMC) and 
highest posterior density (HPD) interval for posterior 
distributions of the parameters estimated using a 
Thurstonian model. 

Parameters* σ²a σ²p σ²r h2 
Mean 0.545 1.150 1 0.21 
Median 0.538 1.149 1 0.20 
EMC 0.026 0.023 1 0.01 
HPD -lower limit 0.155 0.686 1 0.06 
HPD -upper limit 0.974 1.531 1 0.35 

* σ²a: additive variance; σ²p: permanent environmental variance; 
σ²r: residual variance; h²: heritability. 

  
 
Results in the literature using rank in dairy cattle 

were not found. Simielli Filho et al. (2014) reported herita-
bility estimates for rank of 0.18 and 0.26 for 3rd (TOP3) and 
5th (TOP5) ranked Nelore beef animals, respectively, ob-
tained in two-trait analysis with yearling weight using linear 
threshold models for both sexes. The heritabilities and re-
peatability for rank estimated for Dairy Gir cattle are higher 
than those reported in the literature for horses. In a study on 
Iranian Thoroughbred horses, Bakhtiari and Kashan (2009) 
found estimates ranging from 0.17 (1,000 meters) to 0.11 
(1,600 meters). Heritability was 0.15 for the general data-
base. In Spanish Thoroughbreds, heritability for rank 
ranged from 0.07 to 0.10 according to the model used (Chi-
co, 1994). Sobczynska (2006) reported heritabilities ranging 
from 0.16 (1,000 m) to 0.06 (distances longer than 1,800 m) 
for Polish Thoroughbreds and from 0.08 (1,800 m) to 0.02 
(1,400 m) for Arab horses. Villela et al. (2002) estimated a 
heritability for rank of 0.13 (repeatability of 0,44) for Quar-
ter horses in Brazil, a value similar to that reported by Bel-
hajyahia et al. (2003) for Arab horses (0.12 for heritability  
and 0,35 for repeatability). The approach used for animal 
rank in the present study differed from that used for horses. 

The effect of rank in horse races is an objective measure 
and depends on the performance of the animals, whereas 
rank in agricultural shows is a subjective measure. The lat-
ter should be analyzed together with a productive trait (ex 
milk production), or the correlations between estimated 
breeding values for both traits should be evaluated. 

With respect to the use of a Thurstonian model, an 
important aspect should be discussed. The application of 
Thurstonian models in the genetic analysis of rank. The 
heritability estimates obtained in studies using rank in race 
horses are similar to or higher than those obtained with lin-
ear models, with some differences in the classification of 
the breeding value of animals. In view of the complexity of 
selection objectives, it is essential to perform multi-trait 
analysis with economically important traits such as milk 
production and reproductive traits. This approach permits to 
determine genetic associations between these traits and the 
indirect genetic gain when animals are selected based on 
the results of agricultural shows. 
 

Conclusion 
 
The application of a Thurstonian model was effi-

cient in the genetic analysis of rank in Dairy Gir females. 
Additional studies associating this trait with pro-

ductive and reproductive traits used in genetic evaluations 
of the Dairy Gir breed are necessary. 
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