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ABSTRACT - This study sought to estimate (co)variance and genetic parameters for birth weight (BWT) and 

weaning weight (WWT) in Santa Ines sheep. A total of 2,111 records were obtained from EMBRAPA/CPATC 

experimental herds, dating from the years 1998 to 2008. (Co)variance parameters were obtained through a two-

trait analysis with the Gibbs sampling algorithm using the MTGSAM program. The mixed model included the 

environmental effects of sex, contemporary group and type of birth, in addition to residual, direct and maternal 

additive effects. Mean estimates of direct heritability for BWT and WWT were 0.25 and 0.09, respectively. 

Mean estimates of maternal heritability were 0.34 for BWT and 0.24 for WWT. The genetic correlation be-

tween BWT and WWT was 0.14. The results suggest that breeding Santa Ines sheep for meat production must 

take into consideration direct and maternal additive genetic effects. 
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PARÂMETROS GENÉTICOS DAS CARACTERÍSTICAS DE CRESCIMENTO DE OVINOS SANTA 

INÊS USANDO AMOSTRADOR DE GIBBS1 

 

 

RESUMO - Objetivou-se neste estudo, estimar os componentes de (co)variância e parâmetros genéticos para 

as características de peso ao nascer (PN) e peso ao desmame  ajustado aos 90 dias de idade (P90) em cordeiros 

da raça Santa Inês. Foram utilizados registro de 2.111 cordeiros obtidos de um rebanho experimental da EM-

BRAPA/CPATC, nascidos entre 1998 a 2008. Os componentes de (co)variância foram estimados pelo método 

de Amostrador de Gibbs por meio do programa Multiple Trait Gibbs Sampling for Animal Models (MTGSAM) 

em análise bicaracterística. No modelo misto foram incluídos os seguintes efeitos aleatórios: efeito genético 

aditivo direto, materno e efeito residual, além dos efeitos fixos de sexo, tipo de nascimento e grupo contempo-

râneo. A média da estimativa de herdabilidade aditiva direta para PN e P90 foram 0,25 e 0,09, respectivamente. 

A média da estimativa da herdabilidade materna foi de 0,34 para PN e 0,24 para P90, respectivamente. A corre-

lação genética aditiva entre PN e P90 foi de 0,14. Os resultados sugerem que o melhoramento de ovinos Santa 

Inês para produção de carne deve levar em consideração os efeitos genéticos aditivos direto e materno.  

 

Palavras-chave: Análise bayesiana . Efeito materno . Peso ao nascimento . Peso à desmama . Intervalo de alta 

densidade 
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INTRODUCTION 
 

In Brazil, sheep meat production has been 

expanding due to the increasing consumption of 

sheep meat. Supermarkets and specialized restau-

rants have been forced to import sheep meat, primar-

ily from Uruguay, to supply the increasingly de-

manding market (TORRES et al. 2009). 

Body weight, measured throughout the 

growth period, is the most important piece of infor-

mation for the genetic evaluation and selection of 

sheep for meat production. Weight at specific ages is 

associated with different traits that are generally cor-

related with one another; this factor makes it critical 

to know the magnitude and direction of such correla-

tions, given that the selection of one trait could pro-

mote changes in other traits. Growth traits, such as 

birth weight and weaning weight, and the influence 

of maternal effects are important for determining the 

economic efficiency of any sheep production system 

(SOUSA, 1999). Genetic potential can thus be im-

proved by using genetic evaluations for traits related 

to growth and subsequently selecting superior ani-

mals genetically and there is little information about 

it. 

The genetic evaluation depends on the availa-

bility of accurate estimates of genetic parameters for 

the traits of interest. The accuracy of these parameter 

estimates depends on a number of factors, including 

the number of observations, the statistical model and 

the method for estimation of the (co)variance com-

ponents (BARBOSA et al. 2008). Bayesian inference 

using Gibbs Sampling has become a good option for 

the evaluation of genetic merit because it reduces the 

number of biased estimates, even when there is little 

data available. 

This study aimed to estimate the (co)variance 

components and genetic parameters for growth traits 

(i.e., birth weight and weaning weight) of Santa Ines 

sheep in a two-trait analysis using Bayesian Infer-

ence.  

 

 

MATERIALS AND METHODS 
 

This study used records obtained from 2,111 

Santa Ines lambs (both sexes), born between 1998 

and 2008, belonging to an experimental herd of the 

Brazilian Agricultural Research Organization 

(Empresa Brasileira de Pesquisa Agropecuária - 

EMBRAPA Tabuleiros Costeiros), located in the 

town of Frei Paulo, in the semi-arid region of the 

State of Sergipe.  

Birth weight (BWT) and weaning weight 

(WWT) were evaluated for growth traits. The wean-

ing weight was adjusted to 90 days of age. Herd 

management practices were consistent throughout 

the data collection period.  

The fixed effects considered were: sex, type 

of birth (i.e., single, twin and triplet) and contempo-

rary group (defined by the combination of year and 

birth period). The birth periods were: January-

March, April-June, July-September, and October-

December. Animals from quadruplet lambings were 

not included in the analysis due to the small number 

of such observations. In addition to fixed effects, the 

mixed model included random effects of direct and 

maternal additive genetic and residual: 

  
where: 

= vector of records; 

= fixed effects vector; 

= fixed effects incidence matrix; 

= direct additive genetic random effects 

vector; 

= direct additive genetic random effects 

incidence matrix; 

= maternal additive genetic random ef-

fects vector; 

= maternal additive genetic random ef-

fects incidence matrix; 

= residual random effects vector. 

 

To obtain the (co)variance components, Gibbs 

sampling was used in the Multiple Trait Gibbs Sam-

pling for Animal Models (MTGSAM) program, de-

scribed by Van Tassell and Van Vleck (1995). 

Gibbs sampling is an indirect technique that 

generates random variables from a marginal distribu-

tion without having to calculate the marginal proba-

bility density function. Given the conditional distri-

bution of data and a priori densities, the combined a 

posteriori density of unknown parameters was calcu-

lated. Using this density, the conditional distribution 

of each variable was obtained, thus determining the 

remaining variables for the combined density. After 

marginal densities were established, basic statistics 

could be calculated for the a posteriori distributions 

(mean, mode and median).  

The conditional distribution of y was assumed 

to be: 

 

 
 

The model assumed that: 
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Where: A is the matrix containing numerators 

of Wright’s coefficients of relationship between indi-

viduals (4019 animals); is the (co)variance 

between direct additive genetic effects for i and j 

traits; is the (co) variance between maternal 

additive genetic effects for i and j traits; is the 

(co)variance between residual effects for i and j 

traits, and when i=j, then these terms refer to the 

variances; and are the (co)variances between 

direct and maternal additive genetic effects for i and 

j traits. 

The inverse Wishart distribution was used as 

the a priori distribution to estimate the (co)variance 

components, primarily due to computational efficien-

cy, where an uninformative prior was utilized for all 

parameters analyzed. The Wishart density describes 

the distribution of the sum of squares and products 

for random variables that are normally distributed. 

Random effects were assumed to have a multivariate 

normal distribution, and the residual effects were 

assumed to be normally distributed.  

Estimates of (co)variance components used in 

MTGSAM (threshold) were previously obtained by 

restricted maximum likelihood. The number of initial 

iterations was obtained randomly using a single 

chain with 200,000 iterations. Convergence diagno-

sis was conducted using R software with the Bayesi-

an Output Analysis (BOA) package (Smith, 2005). 

jidd

jimm

jiee

ji md

The diagnosis proposed by Raftery and Lewis 

(1992) includes convergence to a stationary distribu-

tion and finds the chain size needed to accurately 

estimate the quantiles of the functions of the parame-

ters. The BOA package user can specify the quantile 

of interest, the desired degree of accuracy for the 

estimation of this quantile and the probability of ob-

taining the desired degree of accuracy.  

 

 

RESULTS AND DISCUSSION 
 

The convergence diagnosis using the Raftery 

and Lewis (1992) method, as implemented by the 

BOA program, indicated a “burn-in” period and a 

sample interval smaller than 288 and 36 iterations, 

respectively, for all parameters. The small “burn-in” 

period could occur due to the use of (co)variance 

component estimates obtained previously using Re-

stricted Maximum Likelihood.  

If the number of specified iterations is ade-

quate, the a posteriori sample means will be valid 

estimates of the a posteriori distribution of parame-

ters. The accuracy of these estimates can be verified 

using the Markov error, which is inversely propor-

tional to the length of the chain. In this study, the 

length of the chain was 200,000 iterations, and the 

Markov error was small for the genetic parameters of 

BWT (Table 1), thus demonstrating the relative ac-

curacy of these estimates. However, although the 

Markov errors were low for WWT (Table 2), they 

were greater than those observed for BWT.  
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Table 1. Means, standard deviations, Markov errors, medians, modes and high-density intervals of genetic parameters for 

birth weight.  

      High-density interval 

Parameter Mean 
Standard 

deviation 
Markov error Median Mode Lower limit Upper limit 

2

d  0.10 0.03 0.003 0.10 0.09 0.04 0.17 

2

e  0.18 0.01 0.002 0.18 0.19 0.14 0.21 

2

p  0.44 0.05 0.006 0.44 0.43 0.33 0.53 

dm  -0.07 0.05 0.006 -0.07 -0.08 -0.15 0.03 

2

m  0.15 0.04 0.006 0.16 0.16 0.05 0.23 

2

dh  0.24 0.07 0.008 0.23 0.20 0.12 0.38 

2

mh  0.34 0.07 0.009 0.36 0.36 0.21 0.47 

dmr  -0.23 0.15 0.022 -0.27 -0.33 -0.44 0.12 

 1 
= direct additive genetic variance; = residual variance; = phenotypic variance; = direct and 

maternal additive genetic covariance; = maternal additive genetic variance; = direct additive genetic 

heritability; = maternal additive genetic heritability; = correlation between direct and maternal       

additive genetic effects.  
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Table 2. Means, standard deviations, Markov errors, medians, modes and high-density intervals of genetic parameters for 

weaning weight. 

      High-density interval 

Parameter1 Mean 
Standard 

deviation 
Markov error Median Mode Lower limit Upper limit 

2

d  1.17 0.55 0.060 1.10 1.10 0.31 2.15 

2

e  7.68 0.42 0.030 7.70 7.91 6.78 8.45 

2

p  11.74 0.84 0.097 11.66 11.55 10.22 13.34 

dm  -0.57 0.69 0.089 -0.49 0.01 -1.96 0.62 

2

m  2.90 0.72 0.083 2.83 2.67 1.53 4.22 

2

dh  0.09 0.04 0.004 0.09 0.09 0.03 0.18 

2

mh  0.24 0.05 0.005 0.24 0.24 0.16 0.33 

dmr  -0.11 0.14 0.020 -0.13 -0.15 -0.38 0.15 

 1 
1see Table 1. 

The means, medians and modes of the genetic 

parameter estimates were similar for BWT (Table 1), 

as expected for an a posteriori marginal density that 

follows a normal distribution. Yazdi et al. (1999) 

also observed similarities between the mean, median 

and mode for birth weight in the Baluchi breed. 

However, for WWT (Table 2), this similarity was not 

observed for some parameters, which was possibly 

due to a smaller number of observations for the 

WWT trait.  

While the estimate of (co)variance between 

direct and maternal effects was negative and close to 

zero for BWT, the high-density interval included 

both positive and negative values (Table 1). These 

results are similar to those obtained by Van Wyk et 

al. (1993) and by Boujenane and Kansari (2002), 

who reported estimates of -0.05 and -0.01, respec-

tively. However, these results are unlike those ob-

tained by Maria et al. (1993), who obtained estimates 

that were negative and close to unity (-0.99). Ac-

cording to Yazdi et al. (1999), because the prenatal 

growth of lambs occurs before the dam can provide 

an adequate uterine environment, it is expected that 

the genetic correlation is not high.  
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Never the less, for WWT, an average of -0.57 

was observed for the (co)variance estimate, with a 

wide high-density interval (-1.96 to 0.62), indicating 

great variability for this estimate, thus corroborating 

the estimate of 0.60 measured by Van Wyk et al. 

(1993). However, Boujenane and Kansari (2002) 

obtained a direct maternal (co)variance of -0.02.  

The antagonism between the direct and mater-

nal additive genetic effects may be due to natural 

selection. In mammals, dams exert a greater effect 

than sires on the phenotype of descendants because, 

in addition to their genetic contribution, they can also 

influence the offspring through the environment that 

they provide. Thus, growth traits, especially until 

weaning, are determined by two genotypes: the gen-

otype of the animal itself (direct genetic effect) and 

that of the dam (maternal genetic effect). According 

to Sousa et al. (1999), to increase genetic gain in 

breeding programs that select traits influenced by the 

maternal effect, it is necessary to obtain more infor-

mation on this effect. Heritability can be overesti-

mated if important maternal genetic effects are left 

out of the models, thereby reducing selection effi-

ciency.  

The estimate of direct heritability (Table 1) 

for BWT corroborates that estimated by Sarmento et 

al. (2006), who obtained a value of 0.23 in a two-trait 

analysis. Yazdi et al. (1999) observed lower values 

for the mean (0.15) and mode (0.14), with smaller 

high-density intervals (0.09 to 0.23) than those found 

in this study (0.12 to 0.38). Boujenane and Kansari 

(2002) reported a heritability of 0.05. The results of 

this study indicate that there is genetic variability for 

selection for this trait. However, these different stud-

ies show that the results about the heritability of this 

characteristic are few conclusive and highlight the 

need for good use of databases with a correct statisti-

cal methodology. 

The heritability estimated for WWT was low-

er (0.09) than that estimated for BWT (0.24). Similar 

results were observed by Sousa et al. (1999) who 

obtained lower estimates (0.04) at an age of 112 days 

(weaning) relative to the heritability of birth weight 

(0.37). Boujenaje and Kansari (2002) and Sousa et 

al. (2006) also obtained low estimates of heritability 

(0.06 and 0.11, respectively) for weaning weight at 

90 days of age. However, Lôbo et al. (2006) reported 

a heritability of 0.56 for weaning weight at 90 days. 

According to Hanssen et al. (2003), direct heritability 

generally tends to be greater than maternal heritabil-

ity for growth traits. Weaning age can influence the 

heritability of weaning weight. Maria et al. (1993) 

reported a heritability of 0.34 for weaning weight at 

60 days of age and 0.09 for weight at 90 days of age.  

A mean maternal heritability of 0.34 was ob-

served for BWT, indicating a strong maternal effect 

for this trait in lambs, highlighting the importance of 

maternal effect in sheep. Sarmento et al. (2006) ob-

served a similar value (0.32). The heritability esti-

mated in this study was higher than those obtained 

by Yazdi et al. (1999), Quesada et al. (2002) and 

Lôbo et al. (2009), who reported values of 0.14, 0.22 

and 0.17, respectively. Boujenane and Kansari 

(2002) reported an even lower value (0.05), showing 

that this parameter is still inconclusive. 

For WWT, the maternal heritability estimates 

(Table 2) corroborate those observed by Souza et al. 

(1999) and Sarmento et al. (2006), who reported val-

ues of 0.26 and 0.24, respectively, for weight at 112 

days of age, and by Lôbo et al. (2006), who obtained 

an estimate of 0.27 for weight at 90 days of age.   

Riggio et al. (2008) reported a lower estimate (0.12) 

for weight at 90 days. The maternal heritability for 

WWT despite being smaller than the heritability of 

BWT also shows the good influence of maternal ef-

fect in sheep at weaning at 90 days old. 

In this study, the estimate of the direct addi-

tive genetic correlation between BWT and WWT 

was 0.14, suggesting a low association between the 

two traits. This result indicates that selection for both 

traits should be conducted simultaneously. Simm et 

al. (2002) observed a value of -0.32 while Hanford et 

al. (2002) observed a high value (0.84) of genetic 

correlation. Maria et al. (1993) and Neser et al. 

(2001) reported values of 0.24 and 0.27, respectively. 

Souza et al. (1999) also observed low genetic corre-

lation (0.37) between birth weight and weaning 

weight, but greater than that obtained in this study.  

 

 

CONCLUSIONS 
 

The breeding of Santa Ines sheep for meat 

production should take into consideration a simulta-

neous evaluation of birth weight and weaning 

weight, which are both important growth traits. The 

maternal heritability obtained in this study indicates 

that the maternal capacity of Santa Ines sheep has a 

strong influence on the traits evaluated; therefore, it 

is necessary to include this effect when considering 

the improvement of this breed. 
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