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SHORT COMMUNICATION

Genetic parameters for rank of the Santa Inês sheep in agricultural fairs
using Bayesian procedures

Anderson Antonio Carvalho Alvesa, Ana Maria Bezerra Oliveira Lôbob, Olivardo Fac�ob,
Luciano Pinheiro da Silvac and Raimundo Nonato Braga Lôbob,c

aPrograma de P�os-Graduaç~ao em Genética e Melhoramento Animal, Paulista State University (FCAV-UNESP), Jaboticabal, Brazil;
bEmbrapa Caprinos e Ovinos, Sobral, Brazil; cDepartamento de Zootecnia, Federal University of Cear�a (UFC), Fortaleza, Brazil

ABSTRACT
The aim of this study was to estimate the genetic parameters for the ability of a sheep to rank
among the top three in its age category (ABI3) and for its total score (TS) on the judgement
championships held in different agricultural fairs in Brazil. Data files included 3180 records refer-
ring to 1896 animals for ABI3 and 4383 records referring to 2170 animals for TS. The relationship
matrix was composed by 4069 animals. Variance components were estimated fitting threshold
and linear animal models for ABI3 and TS, respectively, by Bayesian analysis using the Gibbs
sampler. The posterior means of the heritability and repeatability were, respectively, 0.10± 0.07
and 0.57 ±0.11 for ABI3 and 0.12 ±0.04 and 0.31±0.02 for TS. The low values for the heritabil-
ities related to these traits reveal a strong influence of the environmental factors, as the differen-
tial management offered to the animals before and during the fair. The repeatability values for
ABI3 suggest high correlation among the animal classifications in different fairs. However, for TS,
the observed performance has moderate confidence to be repeated over time. We conclude
that although reduced, there is genetic variability for the animal’s performance in agricultural
fairs. Nevertheless, due to the low heritability estimates, the expected response to direct selec-
tion for ABI3 and TS will be low.
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Introduction

In Brazil, agricultural fairs have great tradition on the
livestock industry. These events are a way to evaluate
and promote the performance of breeds based on
morphological aspects. The winners at the judgement
championships are generally used for breeding in the
herds with the objective to transmit the same capacity
to their offspring. However, due the subjective selec-
tion methods applied on animal judgement in agricul-
tural fairs, based only on the phenotype, the genetic
and environmental effects that could be associated
with the observed variation between the animals are
not accounted. Nevertheless, as well known, the gen-
etic response by individual selection depends on the
genetic variability of the trait of interest (Falconer &
Mackay 1996). In cattle, some efforts have been done
to understand this issue (Boostrom et al. 1986; Da
Gama et al. 2014; Simielli Filho et al. 2014). However,
the literature of our knowledge did not report studies
of the sheep performance in judgement

championships from a quantitative genetic point of
view, despite its cultural importance for many
breeders. In the judgement system promoted by the
Brazilian Association of Santa Ines (ABSI), sheep are
scored according to their rank in the disputed cham-
pionships and each animal receives a final score (ABSI
2014). This information could be used as a trait to
evaluate the animal’s performance in the champion-
ships. Another strategy could be evaluating the rank-
ing within a particular category of age as a threshold
trait. Therefore, the knowledge of the genetic parame-
ters of these traits can indicate whether the judge-
ment process on agricultural fairs presents some
contribution to the genetic selection of the rams and
thus can help developing an efficient selection strat-
egy for the Santa Ines performance in judgement
championships. Given the exposed, the aim of this
study was to estimate genetic parameter for the ability
of Santa Ines sheep rank among the top three in its
age category and for its total score on the judgement
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championships held in different agricultural fairs
occurred in Brazil, contributing to the knowledge
about the genetic inheritance of this performance.

Material and methods

The data used in this study belong to the Brazilian
Association of Santa Ines (ABSI), a breeders association
of this sheep breed. Information about sire, dam, birth
date and breeder of each animal, beyond ranking and
scores in the disputed championship in 50 agricultural
fairs were available in the databank. The agricultural
fairs occurred between the years 2012 and 2014. The
judgement championships were performed according
to the age and the sex of the animals. For each sex,
17 categories of age were evaluated (Table 1). Within
each sex, the winners of the categories 1 and 2, and 3
and 4, respectively, compete in the Minor Future
Sheep Championship and Major Future Sheep
Championship, and thus the winners of these two
championship compete in the Future Sheep
Championship. The winners of the categories 5 and 6,
7 and 8, and 9 to 11 compete, respectively, the Junior
Lamb Championship, the Minor Lamb Championship
and the Major Lamb Championship. The winners of
the categories 12 to 14 and 15 to 17 compete,
respectively, the Young Sheep Championship and the
Adult Sheep Championship. The winners of these
championships (from 5 to 17 categories) compete in
the Great Championship which awards three animals:
the great champion, the reserve great champion and
the third best animal of the breed. Scores (Table 2) are
attributed according to the animal position in each
championship following the official regulation of the

events (ABSI 2014). The following traits were analysed:
ability of an animal to rank among the top three on
the championships by category of age (ABI3) and its
total score obtained during the event (TS). We have
assumed that ABI3 has a Bernoulli distribution as
phenotypic response. Therefore, we use ‘2’ to repre-
sent success, that is, the animal has been ranked at
least in 3rd in its age category (1st, 2nd or 3rd) and ‘1’
to represent failure, for those ranked below 3rd place
(from 4th to last place in its age category). Preliminary
analysis indicated that TS presented a skew and over-
dispersed distribution, and it was required transform-
ation to normalise data. Thus, the scores were
evaluated after a logarithmic transformation where:
TS¼ loge TS. Normality of residuals was tested using
probability plots, skewness and kurtosis. After data

Table 1. Number of observations by sex after preliminary fil-
tering analysis for animals that competed by age categories
in Santa Inês sheep’s official judgement championships per-
formed at different agricultural fairs in Brazil.
Code Necessary age (months) Male Female

1 4–5 96 148
2 5–6 110 190
3 6–7 107 190
4 7–8 110 183
5 8–9 104 213
6 9–10 100 205
7 10–11 97 212
8 11–12 102 181
9 12–14 151 282
10 14–16 98 243
11 16–18 94 225
12 18–20 59 138
13 20–22 59 112
14 22–24 42 81
15 24–28 74 115
16 28–32 44 92
17 32–36 32 94
Total 1479 2904

Table 2. Individual scores attributed to the awards received
by Santa Inês sheep in official agricultural fairs in Brazil.

Award
Category

(age in months) Score

Great Championship
Great Champion (1st place) 5–7 (þ08–36) 150
Reserve Great Champion (2nd place) 5–7 (þ08–36) 120
Third Best Animal of the Breed (3rd place) 5–7 (þ08–36) 60

Adult Sheep Championship
Adult Sheep (1st place) 15–17 (þ24–36) 60
Adult Sheep (2nd place) 15–17 (þ24–36) 40

Young Sheep Championship
Young Sheep (1st place) 12–14 (þ18–24) 60
Young Sheep (2nd place) 12–14 (þ18–24) 40

Major Lamb Championship
Major Lamb (1st place) 9–11 (þ12–18) 60
Major Lamb (2nd place) 9–11 (þ12–18) 40

Minor Lamb Championship
Minor Lamb (1st place) 7–8 (þ10–12) 60
Minor Lamb (2nd place) 7–8 (þ10–12) 40

Junior Lamb Championship
Junior Lamb (1st place) 5–6 (þ08–10) 60
Junior Lamb (2nd place) 5–6 (þ08–10) 40

Future Sheep Championship
Future Sheep (1st place) 1–4 (04–08) 100
Future Sheep (2nd place) 1–4 (04–08) 80

Major Future Sheep Championship
Major Future Sheep (1st place) 3–4 (þ06–08) 60
Major Future Sheep (2nd place) 3–4 (þ06–08) 40

Minor Future Sheep Championship
Minor Future Sheep (1st place) 1–2 (04–06) 60
Minor Future Sheep (2nd place) 1–2 (04–06) 40

Championships by category of age
1st place 1–17 (04–36) 28
2nd place 1–17 (04–36) 24
3rd place 1–17 (04–36) 20
4th place 1–17 (04–36) 16
5th place 1–17 (04–36) 14
6th place 1–17 (04–36) 12
7th place 1–17 (04–36) 10
8th place 1–17 (04–36) 08
9th place 1–17 (04–36) 07
10th place 1–17 (04–36) 06
11th place 1–17 (04–36) 05
12th place 1–17 (04–36) 04
13th place 1–17 (04–36) 03
14th place 1–17 (04–36) 02
15th place 1–17 (04–36) 01

Adapted from www.absisataines.com.br/ranking/regulamento.
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transformation, the distribution of TS was symmetric
and suggests a normal distribution (Figure 1). The con-
temporary group for ABI3 was formed by animals that
participated of the same agricultural fair, year of the
event, sex and category of age. For TS, the contempor-
ary group included animals of the same agricultural
fair, year of the event, sex and type of highest award
(Future Sheep Championship, until 8 age months or
Great Championship, after 8 age months). For ABI3,
contemporary groups with fewer than four observa-
tions were excluded to ensure the minimum variability
necessary within groups. The final data files included
3180 records referring to 1896 animals for ABI3 and
4383 records referring to 2170 animals for TS. The rela-
tionship matrix included 4069 animals. One trait analy-
ses were performed for both traits. The variance
components were estimated by Bayesian approach
using a threshold animal model for ABI3 and a linear
animal model for TS. The general model used for the
analyses can been written as follows:

y ¼ Xbþ ZaþWpeþ e

Where, y is the vector of observations; b is the vec-
tor of systematic effects; a is the vector of genetic
additive effects; pe is the vector of permanent environ-
mental effects; e is the vector of random residual
effects; X, Z and W are incidence matrices relating the
data to the systematic, genetic additive and perman-
ent environmental effects, respectively. The systematic
effects were the contemporary groups and breeder for
ABI3 and TS, and also the linear effect of the age of
animal for TS. For the threshold model, it was assumed
that the observed response in the categorical scale
was linked to an underlying continuous variable of

normal distribution (Gianola & Foulley 1983) repre-
sented as:

kjh � NðWh; Ir2
eÞ:

Where, k is a r� 1 vector of response in the under-
lying scale; h¼ b, a, pe is a s� 1 vector of location
parameters; W represents a known r � s incidence
matrix; I is a r � r identity matrix and r2e is the
residual variance. The relationship between the cat-
egorical response for the ABI3 and the underlying
scale can be expressed as:

yi ¼ 1 if ki � t and yi ¼ 2 if ki > t

Where, yi is the observed value for the individual i; t
is a fixed threshold. It was assumed an arbitrary con-
stant for the threshold (t¼ 1) due the identifiability
constraints (Gianola & Foulley 1983). According to the
Bayesian paradigm, the prior distributions for the
parameters of the models were: b / constant; p(ajr2a)
� N (0, Ar2a); p(pejr2pe) � N (0, Ir2pe) and p(ejr2e) � N
(0, Ir2e), in which A is the numerator relationship
matrix between all animals; r2a represents the genetic
additive variance; I is an identity matrix; r2pe is the
permanent environmental variance and r2e is the
residual variance. Uniform prior distributions were
assumed for b, r2a, r

2
ep and r2e to represent a vague

prior knowledge about these parameters. Marginal
posterior distributions of the variables of interest were
estimated using the Gibbs Sampler algorithm imple-
mented in THRGIBBS1F90 for threshold traits and
GIBBS2F90 for linear traits (Misztal et al. 2002). Based
on Geweke (1992) and Heidelberger and Welch (1983)
convergence statistics available at the BOA package
(Smith 1997), we decided to use chain lengths of
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Figure 1. Histograms of the total scores (TS) received by Santa Inês sheep in official agricultural fairs in Brazil, before (left) and
after (right) data logarithmic transformation.
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1,500,000 and 500,000, with burn-in period of 150,000
and 50,000 and storage intervals of 15 and 10 samples
for ABI3 and TS, respectively.

Results and discussion

The average for ABI3 was 1.37 (Table 3), which means
that 37% of the animals judged were ranked between
1st and 3rd places on the age categories. However,
because of constraints in the original database, this
average does not describe totally the real nature of
the trait since only the first 15 animals are scored on
the championships by category of age and have infor-
mation in the databank. Therefore, this databank had
no information about the other animals participating
in the judgement and that was not scored. TS consists
of the sum of individual scores obtained over the
championships in a specific event. However, increase
in the scores may be attributed depending on the
event importance, referees number, judged animals
number, and total of breeders and Brazilian States at
the event (ABSI 2014). After logarithmic transform-
ation, the TS average was 3.51 ± 0.91, with minimum
and maximum of 0.69 and 6.33, respectively (Table 3).
The linear effect of the age of the animal on TS was
positive (p< .01) implying that older animals tend to
have better placing in the championships, probably
due to the higher body development and better defin-
ition of the breed characters, which may affect the
evaluation of the referees who use visual aspects
related to weight, height, body length, among others.
The analysis of the posterior distribution for the vari-
ance components, heritability and repeatability for the
traits indicates that these parameters were obtained
from a distribution that approximates to the Normal
Distribution having generally close values for average,
mode and median, except for the genetic additive
variance of ABI3 in which the mode was lower
(Table 4). Symmetric posterior estimates may be evi-
dence that the convergence was achieved in the anal-
yses. Nevertheless, posterior marginal densities of the
(co)variance components for some traits may have an
Inverted Wishart Distribution, and the estimates for

central tendency measures not necessarily have to be
similar (Van Tassel et al. 1998). Furthermore, the
Monte Carlo errors (MCE) for the posterior marginal
densities of the parameters were low (Table 4). MCE
are important factors to evaluate the Gibbs Sampler
adequacy. The posterior mean for the heritability of
ABI3 was 0.10 ± 0.07. Nevertheless, the mode for this
parameter was lower, corresponding to 0.05 (Table 4).
In this case, the mode can be considered as the most
appropriate point estimate, because it reveals the
more frequent value on marginal density. Posterior dis-
tribution for the heritability of ABI3 was not symmetric
and with tendency to be close to zero (Figure 2).
There is 95% probability that the true value for ABI3
heritability lies between 0.00 and 0.24 (Table 4). TS
allowed a better phenotypic expression when com-
pared to ABI3, since for each place in the

Table 3. Number of observations (n), number of known sires
and dams on pedigree, mean ± standard deviation, minimum
(Min) and maximum (Max) for the ability of an animal to rank
among the top three in age categories (ABI3) and its total
score (TS) measured in judgement championships of the
Santa Inês breed sheep occurred at different agricultural fairs.
Trait n Sires Dams Mean ± SD Min Max

ABI3 3180 322 1322 1.37 ± 0.48 1 2
TSa 4383 343 1463 3.51 ± 0.91 0.69 6.33
aLoge(TS).

Table 4. Variance components, heritability and repeatability
for the ability of an animal to rank among the top three in
age categories (ABI3) and its total score (TS) measured in
judgement championships of the Santa Inês breed sheep
occurred at different agricultural fairs.

Parameter
Mean ± standard

deviation Median Mode HPD95% MCE

ABI3
r2a 0.217 ± 0.165 0.185 0.102 0.000–0.533 0.009
r2pe 0.750 ± 0.188 0.752 1.008 0.377–1.113 0.007
r2e 1.115 ± 0.042 1.115 1.114 1.032–1.196 0.000
r2p 2.083 ± 0.154 2.076 2.033 1.794–2.393 0.002
h2 0.10 ± 0.07 0.09 0.05 0.00–0.24 0.004
R 0.57 ± 0.11 0.56 0.52 0.39–0.80 0.005

TS
r2a 0.082 ± 0.026 0.081 0.100 0.031–0.133 0.001
r2pe 0.157 ± 0.025 0.157 0.161 0.107–0.205 0.001
r2e 0.443 ± 0.013 0.443 0.442 0.417–0.469 0.000
r2p 0.683 ± 0.017 0.683 0.692 0.649–0.716 0.000
h2 0.12 ± 0.04 0.12 0.12 0.04–0.19 0.001
R 0.31 ± 0.02 0.31 0.31 0.27–0.35 0.000

r2a¼ additive genetic variance; r2pe¼permanent environment variance;
r2e¼ residual variance; r2p¼phenotypic variance; h2: heritability; R:
repeatability; HDP95%: 95% Highest density probability confidence interval;
MCE: Monte Carlo error.

0

0.7

1.4

2.1

2.8

3.5

0 0.1 0.2 0.3 0.4 0.5

D
en

si
ty

 

heritability

ABI3 TS

Figure 2. Posteriori density for the heritability for the ability
of an animal to rank among the top three in championships
by category of age (ABI3) and the total score (TS) measured in
championships of the Santa Inês sheep.
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championships it is attributed a specific score.
Probably due to this, heritability for TS was slightly
higher, with posterior mean of 0.12 ± 0.04 (Table 4), a
more symmetric distribution (Figure 2) and a narrower
probability confidence interval, between 0.04 and 0.19
(Table 4). Therefore, the heritability for TS was not null
(p< .05). Point estimates for the heritability of the
traits were low, which means that within total
observed difference between the judged animals in
the agricultural fairs, only a small ratio may be
explained by additive genetic variance. Thus, the
response to direct selection for ABI3 and TS will be
low. According to our results, environmental condi-
tions were determinant to the Santa Inês success in
the judgement championships. The expression of its
performance is a complex set of morphological traits
and others as temperament, conditional on the sub-
jectivity of the evaluation of the referees and the dif-
ferential management offered by the animal’s owners.
Genetic studies in the literature for sheep performance
in agricultural fairs were not found. In Nelore cattle,
the heritability for animals ranked between 1st and
3rd (TOP3) in judgement championships was 0.18 esti-
mated in two-trait analysis with yearling weight
(Simielli Filho et al. 2014). Using Thurstonian proce-
dures, Da Gama et al. (2014) estimated heritability of
0.21 for the rank of Dairy Gir cattle in agricultural
shows. Higher estimate of 0.35 was reported for
Hereford show-ring placing (Boostrom et al. 1986). The
average for the repeatability for ABI3 was 0.57 (Table
4). This value suggests a moderate to high confidence
that the same animal will present similar performance
in future competitions, remaining between 1st and 3rd
places in championships of the category of age.
Successive wins by an animal in different agricultural
fairs is an important criteria that contributes to dissem-
inate its genetic material to the herds. Nevertheless,
permanent environmental variance was much more
important than genetic additive variance to explain
the repeatability value (Table 4). Da Gama et al. (2014)
also reported a high repeatability of 0.63 for Dairy Gir
rank in cattle championships. TS repeatability was 0.31
(Table 4), lower than the reported for ABI3. Thus, there
is only a moderate probability that the same animal
gets the highest score in all the events that it will con-
test. Naturally, the superior championships after the
championship of category of age tend to be more dis-
puted once joining the winners of each category.

Conclusions

The current study was the first attempt to understand
the genetic nature of the Santa Inês sheep ranking in

agricultural fairs. Our results indicate that environmen-
tal factors have a great influence on the animals rank.
Therefore, due to the low heritability estimates of the
traits evaluated in our study, the expected response to
direct selection for ABI3 and TS will be low.
Nevertheless, although reduced, there is genetic vari-
ability for these traits. Further studies in order to
assess the genetic association between the animals
performance in agricultural-shows and others import-
ant economic traits are necessary.
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