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INTRODUCTION 
Genetic prediction for stayability of females represents an opportunity to reduce costs and 
increase profits by selection for persistent reproduction and productivity. Stayability has been 
defined as the probability of surviving to a specific age, given the opportunity to reach that age 
(Hudson and Van Vleck, 1981). The meaning of stayability can change, depending on the age 
considered and which animals have the opportunity to reach that age. A useful definition of 
stayability is the average age that a cow must remain in production to raise enough calves to 
pay for her developmental and maintenance costs (Snelling et al., 1995). This implies that 
some cows must stay longer in production to compensate for cows that are culled earlier, to 
make the farm profitable. The objective of this study was to estimate genetic parameters and 
genetic trend for stayability in lines of Hereford cattle selected for weaning and yearling 
weights. 
 
MATERIALS AND METHODS 
Description of the population. Three selection lines were established with cows originating 
from 14 herds of Herefords. Cows from each group were randomly allocated into three groups 
in 1960. These groups were designated as weaning weight line (WWL), yearling weight line 
(YWL) and index line based on yearling weight and muscle score (IXL). Each line reached the 
projected number of 150 breeding age females by 1964 and were maintained at approximately 
that number until 1982. The 42 foundation sires were from 11 of the same 14 herds plus two 
other herds. In 1971, 20 representative sons and heifer progeny of approximately 225 
foundation cows that were bred by AI with semen from seven of the foundation sires were used 
to create a control line (CTL). Thus the control line was based on cows that had been selected 
for stayability to some extent. Cows were removed for following reasons : 1) not pregnant at 
weaning time, 2) serious unsoundness, 3) failure to raise a live calf in two consecutive years, 
and 4) old age. Details relating to formation of selection and control lines, and practice of 
selection were reported by Koch et al. (1994).  
 
Statistical analysis. A total of 1213 records (cows with the opportunity to stay in production 
84 months after first calving) collected from 1970 through 1977 for cows that had the 
opportunity to stay in production 7 years after first calving (9 years of age) were used in this 
analysis. Seven age-specific conditional stayability traits were analyzed : ST12 (probability of 
a female having another 12 months of life given that she became a dam as a two year old) 
through ST84 (probability of a female having another 84 months of life given that she became 
a dam as a two year old). The model included year of birth as the only fixed effect and sire as a 
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random effect. The numerator relationship matrix accounted for all known relationships among 
sires. Analyses were performed with 1) a generalized linear mixed model for binary data and a 
probit link using MATVEC (1995), with a penalized quasi-likelihood function (Kachman, 
2001) and 2) with a linear mixed model using MATVEC with restricted maximum likelihood. 
Only single trait analyses were conducted. Estimates of heritability for stayability from 
analyses of binomial observations with the linear model were transformed to an underlying 
normal scale using the formula described by Robertson and Lerner (1949). The standard errors 
for genetic parameters were calculated using the Delta method and the average information 
matrix at convergence from estimating the variance components (Searle et al., 1992). Genetic 
trends were estimated by regressing weighted means of estimated breeding values (EBV) of 
sires by year of birth of the daughters on birth year. Environmental trends were estimated by 
regressing means of solutions for year of birth of the daughters on birth year.  
 
RESULTS AND DISCUSSION 
Estimates of heritability and standard errors with threshold and linear models are shown in 
table 1. In general, estimates of heritability ranged from low (0.13) to moderate (0.49). The 
results do not agree with those reported by Hudson and Van Vleck (1981) and van der 
Westhuizen et al. (2001), but are in close agreement with those found by Snelling et al. (1995). 
The trend of increasing estimates of heritability with an increase in the defined length of 
stayability was in agreement with estimates reported in the literature (Hudson and Van Vleck, 
1981 ; Snelling et al., 1995 ; van der Westhuizen et al., 2001). Estimates of heritability from 
the linear model converted to the underlying normal scale were similar to estimates from the 
threshold model. 
 
Table 1. Estimates of heritability and standard errors for stayability 
 

Trait Mean Threshold model Linear model 
  σ2s h2t se σ2s h2l se h2u 

ST12 0.82 0.0322 0.13 0.06 0.0023 0.07 0.05 0.15 
ST24 0.71 0.0357 0.14 0.07 0.0042 0.09 0.06 0.16 
ST36 0.62 0.0333 0.13 0.06 0.0047 0.09 0.06 0.15 
ST48 0.47 0.0846 0.31 0.13 0.0110 0.19 0.09 0.30 
ST60 0.36 0.0644 0.24 0.13 0.0075 0.14 0.07 0.23 
ST72 0.26 0.1406 0.49 0.18 0.0144 0.31 0.10 0.57 
ST84 0.12 0.0546 0.21 0.17 0.0019 0.08 0.06 0.21 

σ2s = sire variance ; h2t = heritability with threshold model ; se = standard error ; h2l = heritability with 
linear model ; h2u = heritability on underlying normal scale. 
 
Genetic and environmental trends across all lines are presented in table 2. In general the 
genetic trends are close to zero but positive and the environmental trends are negative for all 
definitions of stayability. Trends with both models are in close agreement. The results are 
similar to those presented by Snelling et al. (1995). A clear separation of genetic and 
environmental trends can be seen in figure 1 for stayability at 72 months after first calving.  
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Table 2. Estimates of annual genetic and environmental trends across lines for different 
definitions of stayability 
 

 Threshold model Linear model 
Trait Genetic Environmental Genetic Environmental 
ST12 -0.0001 -0.0485 -0.0001 -0.0488 
ST24 0.0003 -0.0478 0.0003 -0.0482 
ST36 0.0004 -0.0404 0.0004 -0.0407 
ST48 -0.0004 -0.0538 -0.0005 -0.0554 
ST60 0.0002 -0.0509 0.0002 -0.0520 
ST72 0.0002 -0.0394 0.0001 -0.0404 
ST84 0.0003 -0.0315 0.0003 -0.0314 
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Figure 1. Genetic and environmental trends over all lines for stayability at 72 months 
 
Estimates of the year of birth of the cow effects indicate a general decline in management or 
environmental effects on stayability, with large year to year fluctuations. The estimates of 
genetic trends by line for stayability at 72 months after first calving with threshold and linear 
models are in table 3 and figure 2.  
 
Table 3. Estimates of annual genetic trend by line for different definitions of stayability 
 

 Threshold model Linear model 
 Lines Lines 

Trait WWL YWL IXL CLT WWL YWL IXL CLT 
ST12 -0.0008 -0.0002 0.0001 0.0003 -0.0007 -0.0004 -0.0003 -0.0003 
ST24 0.0001 0.0004 0.0003 0.0004 0.0000 0.0003 0.0003 0.0004 
ST36 0.0012 0.0005 -0.0003 0.0001 0.0012 0.0006 -0.0003 0.0001 
ST48 -0.0015 0.0030 0.0007 0.0031 -0.0015 -0.0030 0.0007 0.0031 
ST60 0.0005 -0.0006 -0.0004 0.0017 0.0003 -0.0004 -0.0004 0.0018 
ST72 0.0002 -0.0003 -0.0009 0.0032 -0.0002 -0.0003 -0.0010 0.0032 
ST84 0.0009 0.0001 0.0006 -0.0004 0.0007 0.0003 0.0006 -0.0003 
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Figure 2. Genetic trend by line for stayability at 72 months 
 
As can be seen, there were no important differences among lines. The trend was slightly 
negative for the line selected by yearling weight, but in general trends were close to zero. There 
were no clear differences between the selected lines and the control line. 
 
CONCLUSION 
The results suggest that selection for stayability would be possible in a breeding program and 
could be relatively efficient due to the magnitude of estimates of heritability, which would 
allow selection of sires whose daughters are more likely to remain longer in the herd. However, 
prolongation of the generation interval would be expected. Selection for weights at relatively 
young, weaning or yearling, ages had little effect on stayability. Similar results were found 
using either threshold or linear models. A clear separation of genetic and environmental trends 
is possible using threshold models.  
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