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INTRODUCTION 
Birth weight of beef calves is included in the genetic evaluation of Swedish beef breeds as an 
auxiliary trait to avoid an increase of calving difficulties. Birth weight of bull calves is 4-7% 
higher than that of heifer calves of the Charolais, Hereford and Simmental breeds (Swedish 
Dairy Association 2000). This phenotypic difference between males and females increase with 
the age of the animals. Stålhammar and Philipsson (1997) concluded that male and female pre-
weaning gain for these breeds in Sweden should be regarded as genetically different traits, as 
correlations between males and females were found in the range of 0.6-0.9 and 0.4-0.6 for 
direct and maternal effects, respectively. These results were supported by a more recent study 
by Eriksson et al. (2001). The genetic differences between male and female growth traits 
observed later in life raised the question whether genetic differences in weight between the 
genders exist already at birth.  
 
Variance components of birth weight in cattle have been presented in many studies (see 
reviews by Mohiuddin, 1993 and Koots et al., 1994a), but there are few studies where the 
genetic relationship between male and female birth weight has been estimated. Garrick et al. 
(1989) found high genetic correlations (0.9) between male and female birth weights of 
Simmental-sired calves. Van Vleck and Cundiff (1998) presented a direct genetic correlation of 
0.85 between male and female birth weight, and a correlation of 0.86 between dam effects in 
males and females. Theron et al. (1994) estimated a genetic correlation of 0.95 between male 
and female birth weight in Bonsmara calves.  
 
The aim of this study was to estimate sex-specific genetic parameters for birth weight and 
direct and maternal genetic correlations between male and female birth weight in the most 
common beef breeds in Sweden. 
  
MATERIAL AND METHODS 
Field data on birth weights of pure-bred Charolais, Hereford and Simmental calves born in 
years 1985-1999 were obtained from the Swedish beef recording scheme (Table 1). Records of 
birth weight of calves with unknown dam, type of birth or herd-year, were discarded, as were 
those outside the accepted range of 18-75 kg. Only calves from herd-year combinations with 
five or more observations were included in the analyses. The different breeds were analysed 
separately. Male (BW♂) and female (BW♀) birth weights were analysed as different traits in 
bivariate animal models. (Co)variances were estimated using the average information (AI) 
algorithm for restricted maximum likelihood (REML) included in the DMU-package (Jensen 
and Madsen, 2000). Due to computational limits the herds were randomly divided in two 
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subsets for the Charolais breed. This was done twice so that two times two subsets were 
analysed and the parameters were then pooled over subsets, weighted by their standard errors.  
 
The model was: yijklmnop = hyi + seasj + dam agek + typel + agem + pen + mo + ap + eijklmnop, where 
yijklmnop is the observed BW♂ and BW♀ in kg, respectively, hyi is the fixed effect of the ith herd-
year, seasj is the fixed effect of birth season (Jan.-Feb., Mar., Apr, May-June or July-Dec.), 
dam agek is the fixed effect of the kth age group of the dam (<3 , 3, 4, 5-10 or >10 years), typel 
is the fixed effect of the lth type of birth (single or twin), agem is the fixed effect of the mth days 
of age at weighing of the calf (m=0,…,4), pen is the random permanent environmental effect of 
the nth dam, mo is the random additive genetic effect of the oth dam, ap is the random additive 
genetic effect of the pth animal and eijklmnop is the random residual effect. All random effects 
were assumed normally distributed with mean zero. The variances of the random effects were: 
Var (a) =G0 ⊗ A, Var (pe) =PE0 ⊗ I, Var (e) =R0 ⊗ I, where G0 is the covariance matrix 
between direct and maternal additive genetic effects, A is the numerator relationship matrix, ⊗ 
is the Kronecker product, PE0 is the covariance matrix between permanent environmental 
effects of the dams, and R0 is a diagonal matrix with the residual variances as elements.  
 
Table 1. Number of records of male and female birth weight in kg, overall means, S.D. 
and number of sires and dams  
 

 Records 
____________________________________________ 

Sires 
________________________________ 

Dams 
________________________________ 

Breed1 
Birth 
weight No. Mean S.D. No. With record No. With record 

Charolais Male 24 550 47.2 6.2 1 619 68.9 % 11 577  
 Female 24 874 44.1 5.9 1 659  11 839 68.1 % 

Hereford Male 10 270 40.4 4.7 826 59.2 % 5 166  
 Female 10 982 38.0 4.5 855  5 511 65.0 % 
Simmental Male 6 612 45.0 5.5 530 64.5 % 3 330  
 Female 6 427 42.4 5.1 526  3 285 63.4 % 
 
RESULTS  
Heritabilities. The direct heritabilities were generally higher for the female calves than for the 
males and varied between 0.28-0.42 for BW♂ and 0.37-0.57 for BW♀ (Table 2). The maternal 
heritabilities were lower than the direct ones, and of the same magnitude for both sexes, 0.12-
0.15 for males and 0.10-0.13 for females. The phenotypic variance (σ + + +σ + ) 
was higher, and the total genetic variance ( +0.5 +1.5 ) lower for BW♂ than for 
BW♀ of all breeds. The direct genetic variance was lower for BW♂ than for BW♀, whereas the 
maternal genetic variance was somewhat higher for BW♂ (Table 3).  
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mσ̂ m,aσ̂ 2
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eσ̂
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aσ̂ 2

mσ̂ m,aσ̂

 
Correlations. The correlation between permanent environmental effects of BW♂ and BW♀ 
was 0.94 for Charolais and 1.00 for Hereford and Simmental (not shown in table). The genetic 
correlations between direct effects of BW♂ and BW♀ were also close to unity (0.93-0.98) for 
all breeds (Table 2), as were the genetic correlations between maternal effects (0.92-0.93). The 
genetic correlations between direct and maternal effects were all negative, from -0.15 to -0.48. 
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Table 2. Heritabilities of direct and maternal effects of male and female birth weight and 
their genetic correlations  
 

 Genetic correlations   
Breed Birth weight Male mat. Female dir. Female mat. 

 
h2 

Charolais Male  dir. -0.48 0.08 0.98 0.04 -0.52 0.11  0.39 
  mat.   -0.36 0.10 0.93 0.12  0.14 
 Female dir.     -0.47 0.09  0.45 

  mat.        0.12 
Hereford Male dir. -0.16 0.11 0.93 0.04 -0.31 0.11  0.42 

  mat.   -0.10 0.09 0.92 0.08  0.15 
 Female dir.     -0.37 0.08  0.57 
  mat.        0.13 

Simmental Male dir. -0.15 0.16 0.98 0.07 -0.42 0.18  0.28 
  mat.   -0.16 0.14 0.92 0.13  0.12 

 Female dir.     -0.38 0.13  0.37 
  mat.           0.10 

 
Table 3. Direct ( ) and maternal (σ ) genetic, permanent environmental ( ) and 
residual ( ) variances, with S.E. as subscripts, for male and female birth weight (kg) 
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Breed BW 2

aσ̂
  m,aσ̂    2

mσ̂
  2

peσ̂
  2

eσ̂  

Charolais Male 8.12 1.04  -2.30 0.64  2.95 0.58  1.75 0.32  10.25 0.60 
 Female 8.68 1.06  -2.02 0.56  2.26 0.46  1.51 0.28  9.05 0.60 

Hereford Male 5.92 0.74  -0.56 0.43  2.14 0.42  0.40 0.22  6.31 0.42 
 Female 7.54 0.83  -1.32 0.42  1.72 0.33  0.89 0.18  4.38 0.45 

Simmental Male 4.21 0.84  -0.41 0.51  1.78 0.50  0.94 0.32  8.66 0.50 
 Female 5.57 1.07  -1.10 0.56  1.50 0.49  1.08 0.29  7.84 0.61 

 
DISCUSSION 
The estimated direct and maternal heritabilities were within the range of estimates presented in 
reviews by Mohiuddin (1993) and Koots et al. (1994a). The differences in variances between 
the genders were not statistically significant but consistent between breeds. Higher total genetic 
variances and direct heritabilities for females, together with higher phenotypic variances and 
maternal heritabilities for males have previously been reported for 4-month weight of  lambs 
(Näsholm, 2001) and weaning weight for beef cattle (Stålhammar & Philipsson, 1997). A 
possible explanation for a lower direct and higher maternal genetic variances for BW of males 
compared with females, may be that the higher prenatal growth rate of bull calves leads to a 
higher sensitivity to the uterine environment provided by the dam. A poor environment would 
then restrict the expression of bull calves’ genetic growth capacity more than that for females.  
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The present results show that the calf’s own genes for prenatal growth controls the birth weight 
to a much larger extent than the maternal genetic effects, which has been found in many 
previous studies. Negative genetic correlations between direct and maternal effects on birth 
weight have also been reported in many studies, as shown in the review by Koots et al. 
(1994b). The very high genetic correlations between male and female birth weight, all above 
0.92, suggest that prenatal growth rate is controlled by largely the same genes in bull and heifer 
calves. The main genetic difference in growth traits between the genders would thus appear 
later in the calves’ lives, at weaning and when they approach sexual maturity. 
 
With a higher variation in birth weight, the frequency of very heavy calves, and thus the risk of 
calving difficulty, increase. Variations in observed birth weights were considerably higher in 
the Charolais breed than in the other breeds, and were also slightly larger in male than female 
calves within breed. The female calves were, however, on average 2.4 - 3.1 kg smaller at birth. 
The relationship between the birth weight of the calf and the size of the dam is of importance 
for the calving performance. Thus, the differences between the breeds and sexes in birth weight 
may well lead to gender differences in the genetic variation of calving performance, despite the 
fact that the same genes are responsible for variation in foetal growth of both sexes. 
  
CONCLUSIONS 
Male and female birth weight of beef calves are highly genetically correlated and need not be 
treated as separate traits in genetic evaluations. The direct heritabilities of male and female 
birth weights are moderately high, whereas the maternal heritabilities are low. The size of the 
variance components differ somewhat between breeds and sexes. 
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