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INTRODUCTION 
Feed required for maintenance is of great importance to cow-calf producers. Of all input 
expenses in a cow-calf operation, feed costs account for approximately two-thirds (Klosterman, 
1972 ; Fitzhugh, 1978). Additionally, Ferrell and Jenkins (1984) estimated that one half of the 
feed energy consumed by the entire herd is used for cow maintenance. This means that altering 
the amount of feed consumed by the cow can have a dramatic effect on the profitability of the 
cow-calf pair. 
Maintenance requirements are primarily determined by cow weight and level of milk 
production (McMorris and Wilton, 1986 ; Montaño-Bermudez et al., 1990). Expected progeny 
differences (EPDs) for milk production are published and available to producers of most 
purebreds, so that selection could be implemented for milk production in order to alter cow 
maintenance energy requirements. With the exception of the American Angus Association, 
EPDs for mature weight are not provided to use to select to decrease maintenance energy 
requirements. 
Genetic parameters for mature weight have been estimated by numerous researchers (e.g. 
Bullock et al., 1993 ; Northcutt and Wilson, 1993 ; Kaps et al., 1999), but determination of the 
earliest age that can be included in mature weight analyses has not been completed. The 
purpose of these analyses were to estimate the genetic parameters for mature weight at varying 
ages and the genetic correlations between weights at different ages to use to determine which 
weights to include in selection programs to manipulate mature weight of the cow herd. 
 
MATERIALS AND METHODS 
Description of lines. Three selection lines and one control line of spring calving Hereford 
cattle were maintained at the USDA Meat Animal Research Center in Clay Center, Nebraska. 
The selection lines were selected for increased weaning weight, increased yearling weight, or 
on an index of yearling weight and muscle score. The selection lines were originally developed 
in the late 1950’s at the Fort Robinson Beef Cattle Research Station in Crawford, Nebraska and 
were moved to Clay Center in 1970 when the control line was established from matings by 
artificial insemination of seven foundation sires to 225 remaining foundation cows from the 
original selection lines.  
The data for these analyses were cow weights measured in the final 10 years of the experiment 
(1975-1985). Cows were weighed three times each year : in late winter, prior to calving (BC), 
in late spring, prior to being put in breeding pastures (BB), and in late summer when rectally 
palpated to determine pregnancy status (PA). Weights used in these analyses were taken on 
two-, three-, four-, and five-year-old cows. 
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Statistical Analysis. Data were analyzed using multiple trait, derivative free restricted 
maximum likelihood methodology using the MTDFREML programs (Boldman et al., 1993). 
Weights were analyzed separately by age of cow and season of measurement in a series of 
univariate analyses. Numbers of records for each of the age x season combinations are shown 
in table 1.  
 
Table 1. Number of records for each age x seasonA combination 
 

Age (years) BC BB PA 
2 1065 1301 1172 
3 841 1010 970 
4 797 906 885 
5 572 832 651 

A BC – Before calving (late winter) ; BB – Before breeding (late spring) ; PA – Palpation (late summer) 
 
Fixed effects included year x line, age of dam (of the cow) x line, pregnancy status x line, and 
birth type and method of rearing (of the calf) x line. A linear and quadratic covariate of days 
between calving and weigh date was also included. Random effects included in the model were 
direct genetic, maternal genetic, maternal permanent environmental, and residual effects. The 
covariance between direct and maternal genetic effects was not included in the univariate 
model. In most analyses, there was no significant difference in the -2log likelihood values 
when comparing models with the inclusion or exclusion of this covariance, but results were 
more reasonable without the covariance. 
To estimate genetic correlations among weights at different ages, bivariate analyses were also 
conducted for all pairwise combinations within each season of measurement. Bivariate 
analyses used the same model as with the univariate analyses, but also included covariance 
components. 
The convergence criterion for all analyses was set to 1 x 10-6. Once the criterion was reached, 
cold restarts of the analyses were continued until the -2log likelihood differed by less than 
1 x 10-2 between successive restarts and the estimates of (co)variance components did not 
differ to the second decimal place. 
 
RESULTS AND DISCUSSION 
Results of the univariate analyses are shown in table 2. In general, estimates of direct 
heritability were high, ranging from 0.44 for two-year-old BB weight to 0.91 for two-year-old 
BC weight, which agree with estimates from literature (Brinks et al., 1962 ; Fitzhugh et al., 
1965 ; Benyshek and Marlowe, 1973). With the exception of BC weights, estimates of direct 
heritability increased after two years of age and remained relatively constant for three-, four- 
and five-year weights. Estimates for direct heritability for two-year-old weights were 0.91, 
0.44, and 0.48 for BC, BB, and PA weights, respectively. Estimates for direct heritability for 
three-year-old estimates were 0.50, 0.59, and 0.55, respectively. Estimates for direct 
heritability for four-year-old estimates were 0.54, 0.61, and 0.83, respectively. Estimates for 
direct heritability for five-year-old weights were 0.54, 0.61, and 0.54, respectively. 
Estimates of maternal heritability and proportion of variance due to maternal permanent 
environmental effects were generally zero, with a few exceptions, and are smaller than 
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previous estimates using these data when all ages were combined in a repeated measures 
analysis (Rumph, 2000). Estimates of the variance due to maternal permanent environmental 
effects tended to be higher with the PA weights, indicating that maternal effects of the dam 
may play a role when the daughter is lactating. 
 
Table 2. Estimates of genetic parameters A (and standard errors) with univariate analyses 
 
Season B Age 

(yr) h
2 

,a h
2 

,m d2 e2 
 BC     
 2 0.91 (0.07) 0.00 (0.05) 0.09 (0.04) 0.00 (0.06) 
 3 0.50 (0.10) 0.00 (0.07) 0.00 (0.08) 0.50 (0.10) 
 4 0.54 (0.10) 0.00 (0.07) 0.00 (0.08) 0.46 (0.10) 
 5 0.54 (0.13) 0.00 (0.08) 0.00 (0.12) 0.46 (0.15) 
 BB     
 2 0.44 (0.08) 0.01 (0.04) 0.00 (0.05) 0.55 (0.07) 
 3 0.59 (0.08) 0.00 (0.06) 0.00 (0.06) 0.41 (0.08) 
 4 0.61 (0.09) 0.00 (0.06) 0.00 (0.06) 0.39 (0.09) 
 5 0.61 (0.10) 0.00 (0.07) 0.00 (0.07) 0.39 (0.10) 
 PA     
 2 0.48 (0.08) 0.00 (0.05) 0.00 (0.05) 0.52 (0.08) 
 3 0.55 (0.08) 0.00 (0.05) 0.04 (0.06) 0.42 (0.08) 
 4 0.83 (0.08) 0.00 (0.06) 0.17 (0.05) 0.00 (0.07) 
 5 0.54 (0.11) 0.00 (0.08) 0.02 (0.10) 0.44 (0.13) 
A h2,a– Direct heritability ; ram – Direct-maternal genetic correlation ; h2,m – Maternal heritability ; d2 –
 Relative maternal permanent environmental variance ; e2 – Relative temporary environmental variance. B 

BC – Before calving (late winter) ; BB – Before breeding (late spring) ; PA – Palpation (late summer). 
 
In the bivariate analyses, estimates of heritability were also high, but generally smaller than 
those found in the univariate analyses. Maternal heritability estimates, conversely were greater, 
often accounting for more than 10 % of the phenotypic variation.  
Estimates of direct genetic correlations between weights at any two ages were high and 
generally greater than 0.90. Estimates of maternal genetic correlations were also high, being 
greater than 0.90 in all cases. These results indicate that, although earlier weights (i.e. two-
year-old) generally may have lower heritability, selection based on early weights can be used 
to alter mature weight of the cow herd without delaying selection until cows actually reach 
maturity which would decrease generation interval compared to selection based on older 
weights. 
 
CONCLUSION 
Cow weight is a highly heritable trait that can be utilized in selection programs to optimize 
mature size and ultimately affect the maintenance requirements of the herd for specific 
management-economic conditions. Although weights measured on two-year-old heifers may 
have lower heritability estimates than later weights, the high correlations among weights at 
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different ages indicate that younger weights can be used to select indirectly for optimal mature 
weight. 
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