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INTRODUCTION 
Lori-Bakhtiari is from fat-tailed Iranian breed of sheep. It is a relatively large-sized sheep and 
distributed in the south western part of Iran. The typical sheep is white, but black and brown 
animals are also found among the breed. Development of breeding objectives and effective 
genetic improvement programmes requires a knowledge of the genetic variation for 
economically important traits and the genetic covariation among these traits. Estimates of 
variances and covariance using for estimation of heritability and of genetic, environmental and 
phenotypic correlations as well as construction of selection indexes and mixed model BLUP. 
REML procedures based on a derivative free algorithm ( Grase et al. 1987 ) have been used for 
the estimation of variance an covariance components under an animal model, a model in which 
the additive genetic effect of the individual is fitted as a random effect. Also, REML is suitable 
for animal model with several random effects, e.g maternal additive genetic and maternal 
environmental effects (Meyer 1989), and for multivariate analyses in which the design matrix 
varies between variables (Meyer 1991). The objective of this study was to estimate variance 
and covariance due to additive direct, maternal genetic effects as well as heritabilities and 
correlations between early growth traits of Lori-Bakhtiari sheep. 
 
MATERIALS AND METHODS 
The data used in this study included 3797 lambs born and 3550 lambs weaned during ten years 
from 1991 to 2000. All sheep involved from Lori-Bakhtiari sheep breeding station in 
Chahrmahal and Bakhtiari province. These were kept generally from December to May at the 
station an in this period were fed with alfalfa, barley and wheat stubbles. Those were grazed on 
range and cereal pasture in the other months of the year. The breeding period extended from 
late August to late October. Ewes were assigned randomly to the rams. About 15 days after 
parturition, the lambs were creep-fed during the suckling period. The creep-ration consisted of 
50% barley, 10% cotton seed meal, 20% wheat bran, 18% dried sugar beet pulp, 1% bone 
meal, 0.5% salt and 0.5% vitamin, mineral and antibiotic supplements. The ration was ground, 
mixed and fed ad libitum. Alfalfa was fed free choice. The lambs were weaned at 90±5 days of 
age. The (co)variance components to each trait were estimated using univariate and bivariate 
Derivative Free Restricted Maximum Likelihood (DFREML) methods (Meyer, 2000). The 
animal model used was as follows: 

y = Xb + Zaa + Zmm + e 
 
where y is a vector of observations of birth weight (BW),  weaning weight (WW) and daily 
gain from birth to weaning (DG), b is a vector of fixed effects consisting of year of lambing, 
age of dam, sex and type of birth lamb, a is a random vector of direct additive genetic effects 
of the animals, m is a random vector of the maternal additive genetic effects, e is the random 
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vector associated with residual errors and X, Za  , Zm are incidence matrices relating 
observations to the effects in the model. The expectations and the variance/covariance structure 
for the effects in the general statistical model are assumed to be E(y) = Xb, E(a) = E(m) = 0, 
var(a) = Aσ2

a, var(m) = Aσ2
m, var (e) = Iσ2

e , cov (a, m) = Aσam where A, I, σ2
a, σ2

m, σam and 
σ2

e are the numerator relationship matrix, identity matrix, direct additive genetic variance, 
maternal additive genetic variance, direct-maternal additive genetic covariance and residual 
variance, respectively. For each trait, bivariate analyses with every other trait were carried out 
to estimate genetic and phenotypic correlation. 
 
RESULTS AND DISCUSSION 
Univariate and bivariate estimates of variance components, together with derived genetic 
parameters for early growth traits are shown in Table 1. variance components, direct and 
maternal heritabilities from bivariate analysis were similar to those obtained with univariate 
analysis under the same model, except for daily gain from birth to weaning, which has a higher 
estimate in the bivariate analysis. This agrees with results obtained by Vaez Torshizi et al. 
(1996) for BW and WW traits in Merino sheep. The direct and maternal heritability estimates 
were almost equal for three traits in this study.  
 
Table 1. Estimates of variance components and genetic parameters for traits from 
univariale and bivariate analyses 
 

 σ2
a σ2

m σ2
e σ2

p h2 m2 

  Birth weight  

WW 0.093 0.067 0.166 0.327 0.286±0.044 0.206±0.204 
DG 0.090 0.068 0.168 0.326 0.277±0.044 0.209±0.024 
univariate analysis 0.082 0.065 0.172 0.320 0.252±0.051 0.201±0.031 
  Weaning weight  

BW 2.405 2.566 13.262 18.232 0.132±0.035 0.141±0.022 
DG 2.188 2.597 13.380 18.166 0.120±0.034 0.143±0.022 
univariate analysis 1.580 2.005 13.710 18.210 0.087±0.036 0.110±0.026 
  Daily gain  

BW 0.0009 0.0006 0.001 0.003 0.331±0.083 0.212±0.046 
WW 0.0005 0.0005 0.002 0.003 0.188±0.120 0.194±0.070 
univariate analysis 0.0001 0.0002 0.002 0.002 0.052±0.030 0.107±0.027 
σ2

a , direct additive genetic variance ; σ2
m , maternal additive genetic variance ; σ2

e , residual 
variance ; σ2

p , phenotypic variance ; h2
 , direct heritability ; m2

 , maternal heritability. 
 
Wewala et al. (1986) reported a maternal heritability three times higher than the direct 
heritability for weaning weight in Romney sheep. Maria et al. (1993) obtained maternal 
heritability greater than direct heritability for weaning weight. 
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Estimates of the various covariance and correlations between traits are presented in Table 2. 
Direct additive and maternal genetic correlations between BW, WW and WW, DG were 
positive and of median to high. Direct additive genetic correlations weaning weight with BW 
and DG were 0.77 and 0.657, respectively.  
 
Table 2. Estimates of covariance and genetic parameters for traits from bivariate 
analyses 
 
 σa12 σm12 σe12 σp12 ra12 rm12 re12 rp12 

    Birth weight ( BW )  

WW 0.365 0.116 0.342 0.823 0.770 0.279 0.231 0.337 
DG 0.002 0.0008 0.002 0.005 0.227 0.136 0.170 0.180 
         
    Weaning weight ( WW )  

DG 0.022 0.026 0.136 0.184 0.657 0.707 0.907 0.828 
σa12, direct additive genetic covariance ; σm12, maternal additive genetic covariance ; σe12, 
residual covaraiance ; σp12, phenotypic covariance ; ra12, direct  additive genetic correlation; rm12, 
maternal additive genetic correlation ; re12, residual correlation ; rp12, phenotypic correlation.  
 
Genetic correlations estimates were in the range of reported between BW and WW in previous 
studies (Boujenane and Mharchi, 1992; Djemali et al. 1994; El Fadili, et al. 2000). The positive 
direct maternal genetic correlations for weights at different ages suggest that selection for 
increased body weight of the lamb will also improve the maternal ability of the ewe. The 
positive genetic correlations for early growth traits indicating that selection for any of the traits 
should result in genetic improvement in the other traits. 
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