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INTRODUCTION 
Partitioning (co)variances of observed data into their components is a useful method to  find 
out the most important effects causing variation. Designing new genetic improvement 
programs and evaluating current breeding programs need the knowledge of genetic and 
environmental sources of variation.  
 
Sheep production constitutes the most important part of Iranian livestock industry and a total 
of approximately 50 million heads of sheep of more than twenty breeds and sub-breeds are 
produced in Iran. Among all breeds of sheep produced in Iran, Baluchi sheep is the most 
important one as it  outnumbers any other breed of sheep in the country. 
 
Despite the importance of this breed of sheep there has only been a few in depth research  
about characteristics of this breed and its potential to be improved in production efficiency. 
The most important cost of  production in arid areas is feed cost and one important way of 
improving production efficiency is to  increase total weight of lambs produced per unit weight 
of ewe in a given period. Total weight of lambs per ewe is a function of litter size and rate of 
growth from birth to weaning.  
 
Information is available on different traits, including litter size and weight at birth and 
weaning, of sheep produced at Baluchi Sheep Breeding Station of  Khorrasan province in 
Abbasabad over almost three decades. The main objective of this study was to use this 
information to partition sources of variation affecting litter size (LS), total weight of litter at 
birth (TWB) and weaning (TWW). 
 
MATERIAL AND METHODS 
Baluchi breed of sheep constitutes about twenty percent of the whole sheep population of Iran 
and exists in eastern and south-eastern provinces of the country, bordering Afghanistan and 
Pakistan. This breed of sheep is fat-tailed and white in color with dark pigments on parts of its 
face and feet and legs. There is quite a large amount of variation in its size depending the area 
of production; but in general it is classified as a small breed of sheep. In general it is not 
considered as a prolific breed of sheep as twinning rate in flocks kept under extensive 
management system is usually between 5-15%. The main mating season is fall and most flocks 
breed once in a year but flocks which have access to enough feed may breed  for  the second 
time in late winter/early spring.  
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Baluchi Sheep Breeding Station is located in the eastern province of Khorrasan. Two separate 
flocks of Baluchi sheep have been kept at this station. The first flock has been formed at the 
station in 1960 and was developed into a larger flock of about 1200 heads in size by early 
1970s. In this study we used data of the second flock. The second flock  was formed in 1973 
by transferring 56 heads from the first flock and also by purchasing 681 heads from outside 
flocks. This flock included 16 heads of ram and the rest were all ewes. Data have been 
collected from sheep of the second flock on several traits since 1973. Litter size in each 
lambing (10759 records), total weight of litter at birth (10759 records) and total weight of litter 
at weaning (10200 records) on 3806 ewes of flock two of the station collected from 1973 to 
1998, inclusive, have been used in this analysis. 
 
Mating season starts in mid August  and continues for about 4 months each year and, 
consequently, lambing starts in mid January. Ewes graze  on pasture, cultivated Alfalfa and left 
over of crop farms from early spring till late fall. During three month of winter which 
coincides with lambing season, ewes are kept indoor and are fed  by grain and roughage. 
Derivative free restricted maximum likelihood (Meyer, 1991) was applied to the following  
three trait animal model to estimate components of  (co)variances. 
 

yi= Xibi + Ziai + ei 
 
where, yi is the vector of observations for the ith trait. bi  is the vector of fixed effects for the 
ith trait. b1 for LS includes interaction of year of mating, season of mating and parity. b2 for 
TWB  includes interaction of year of lambing, season of lambing and parity; and fixed effect 
of sex of litter. b3  for TWW includes interaction of year of lambing, season of lambing and 
parity; and fixed effect of sex of litter. Also TWB was used as covariable in TWW model. ai is 
the vector of random animal effect for the ith trait. ei is the vector of random residual effects 
for the ith trait. Xi and Zi  are incidence matrices relating records of the ith trait to fixed and 
random effects respectively.  i = 1, 2 and 3 represent three traits of LS, TWB and TWW 
respectively.  The expectations and (co)variance matrices are: 
 

E(yi)= Xibi,   E(ei)=E(ai)=0,  Cov(yi, yj) = ZiAZ´j σgij  + I σeij 
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a and e include three vectors of ai and ei respectively and  ⊗ represent  direct product of 
matrices. G and R: 
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Where G and R are known, positive definite matrices, A is numerator relationship matrix, σ2
gi  

is genetic variance for trait i, σ2
ei  is error variance for trait i, σgij  and  σeij are genetic and 

residual covariances between traits i and j respectively. 
 
Each month of mating was considered as one season as significant change in environmental 
conditions may occur in the area during late summer and fall. Sex of litter (male only litter, 
female only litter and mixed sex litter)  was also included as a fix effect in the model for all 
three traits. 
 
RESULTS AND DISCUSSION 
Results of the analysis are presented in tables 1, 2 and 3. Comparison of phenotypic versus 
genetic covariance matrices shows lack of  environmental covariance among three traits which 
implies independence of the environmental effect of litter size with that of litter growth traits. 
It should be noted that we have used a ewe model versus a lamb model. The three traits were 
used in the analysis as performance records of ewes not lambs. By doing so, direct genetic 
effect and maternal genetic effect are combined into a total animal effect.  
 
In contrast, there is strong positive genetic correlation between LS and TWB and medium 
correlation between LS and TWW. These positive correlations help genetic improvement of 
both  traits simultaneously.  
 
Table 1. Estimates of  genetic (co)variances among reproduction traits of  Baluchi Sheep 
 

Traits LS TWB TWW 
LS 0.022±0.001   
TWB 0.058±0.003 0.161±0.011  
TWW 0.065±0.015 0.112±0.044 0.801±0.295 

 
Table 2. Estimates of  phenotypic  (co)variances among reproduction traits of  Baluchi 
Sheep 
 

Traits LS TWB TWW 
LS 0.108±0.002     
TWB 0.058±0.003 0.831±0.013  
TWW 0.065±0.015 0.112±0.044 42.678±0.612 

 
Table 3. Estimates of  genetic and phenotypic parameters of reproduction traits in  
Baluchi Sheep A 
 

Traits   LS TWB TWW 
LS 0.203±0.011 0.981±0.019 0.489±0.127 
TWB 0.195±0.007 0.194±0.011 0.312±0.126 
TWW 0.030±0.007 0.019±0.007 0.019±0.007 

A Heritabilities (±s.e.) on the diagonal, phenotypic and genetic correlations below and above 
the diagonal, respectively.  
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Gonzalez (1982) summarized 30 heritability estimates of litter size in sheep which ranged from 
-0.15 to 0.35 with an average of 0.10. In another review Fogarty (1995) summarized 53  
heritability estimates of litter size which ranged from 0.0 to 0.34 with a mean of 0.10 ± 0.07.  
Piper et al. (1980) estimated heritability of 0.05 for litter  size in  merino sheep. Hanrahan and 
Quirke (1986) estimated an upper value of 0.5 for heritability of litter size in Finnish Landrace 
ewes. Our estimate of heritability is within the range of published estimates for the heritability 
of  this trait. Mavrogenis (1985) estimated heritabilities of 0.02 ± 0.07 and 0.11 ± 0.09 for 
TWB and TWW respectively. Our estimate of h2 for TWW is in agreement with this estimate 
but our estimate of h2 for TWB is higher.  
 
Many studies used a lamb model to estimate heritability of litter size. In fact  a lamb model 
uses birth type of the lamb which is affected by the ewe giving birth to it. The ewe model used 
in this study relates the litter size directly to  the ewes and  both direct genetic and maternal 
genetic effect of the  ewes are combined into one single animal effect. This is why heritability 
of LS in this study is higher than  many estimates of  heritability of birth type reported 
elsewhere.  Higher  heritability of LS and high positive genetic correlation of LS and TWB 
supports the idea of using a ewe model  with  both litter size and total litter weight information 
in genetic evaluation. Higher than usual  genetic trend is  expected for reproduction traits if 
this model is used. 
Low heritability of TWW is probably due to the fact that lambs are under strong environmental 
effect. Achieving higher TWW is currently possible through use of better management 
systems. Breeding plans should be designed to improve LS and TWB and there would not be 
much justification in including TWW in genetic improvement programs. However, it would be 
possible to employ better management systems to reduce environmental sources of variation, 
hence, to slightly improve heritability of TWW.  
 
CONCLUSION 
Total weight of litter at weaning is an important trait which can improve farm income. This 
study shows that simultaneous selection for LS and TWB can lead to faster rates of genetic 
improvement via increasing accuracy of selection resulted from a multiple trait genetic 
evaluation. It would be beneficial to use parameters estimated here design proper simulation 
models  to compare ewe and  lamb models for genetic evaluation of litter traits. 
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