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Introduction

One of the biggest economic losses to a commercial beef producer is the culling of 2-year-
old first-calf heifers who fail to conceive after their first calving. The most common reason
for culling from a cow herd is due to the failure of a female to conceive, as the retention of
open females creates a financial drain on the operation (Boyer et al., 2020). For a first-calf
heifer, she faces many challenges when it comes to rebreeding due to physical and nutritional
stresses that come with partition, lactation, and the heifer still growing on her own (Boggs,
n.d.). A female who fails to breed after her first calf is an economic loss to an operation, as
she failed to provide enough calves to recoup her development and maintenance costs. A
yearling heifer who fails to breed still maintains value when placed in a feedlot. However,
once a heifer calves as a 2-year-old, her value to the operation only appreciates when she
provides a calf annually. It is critically important for the economic stability of an operation
to have replacement heifers who have the ability to rebreed at two and three years of age.
Therefore, the objective of this study was to estimate the heritability of the heifer's ability
to calve consecutively at two and three years of age.

Materials & Methods

Data from 1,784 Angus cows from the lowa State University McNay Memorial Research
and Demonstration Farm in Chariton, Iowa, were evaluated. Records from 1996 to 2022
were used to develop a binary phenotype for each first calf heifer. Each dam was assigned
a value of 1 if she successfully calved at both 2 and 3 years of age, and 0 if she calved as a
2-year-old but failed to calve the following year as a 3-year-old. The phenotype shows
consecutive calving success during one of the most challenging periods of the cow's
reproductive life. Sixty-five records were removed due to missing phenotypes, leaving 1,719
dams for analysis. Contemporary group (CG) was defined as birth year to account for
animals managed in a similar environment and management. After excluding records with
unknown birth years, there was a total of 25 contemporary groups, with an average size of
68.8 = 22.4 animals. To estimate variance components, a 3-generation pedigree consisting
of 12,081 records was used. Data were analyzed using a threshold animal model in the
MCMCglmm package in R statistical software (R Core Team, 2024). The model was run
for 300,000 iterations with a burn-in of 50,000 and a thinning interval of 50, resulting in
5,000 retained posterior samples, from which posterior means and standard deviations were
calculated. The model was
y =Xp+Zu+e (1)

where y" is a vector representing the underlying liability values for rebreeding success; X and
Z are incidence matrices relating observations to fixed and random effects, respectively,
is a vector of fixed effects including the contemporary group; u is a vector of random
additive genetic (animal) effects; e is the vector of residual error.
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The variance structure of random effects was
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where A is Wright’s numerator relationship matrix that was derived from the pedigree; I is the
identity matrix, 62 is the additive genetic variance, 62 the residual genetic variance.
Heritability of rebreeding success on the liability scale was calculated as
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The model included animal effect as a random effect to account for additive genetic variance,
and birthyear as a fixed effect representing contemporary group effects. In the threshold model, the
residual variance was fixed to 1. Heritability was calculated as the proportion of the phenotypic
variance explained by the additive genetic variance. Since rebreeding success is a binary trait, the
threshold model was used with an assumed underlying continuous liability. The fixed effects
were considered at a significance level less than P<(.05, and posterior means and standard
deviations came from the MCMC samples.
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Results

Herd records indicated 69.6% of heifers that calved at age 2 also delivered a calf at age 3. Compared
to an increase of 80.5% for cows that calved at 3 years of age, and also calved at age 4. The lower
percentage of heifers that calved at 2 and 3 years of age illustrates a greater loss of reproductive
efficiency between the first and calf second and supports the increase culling of dams between the
ages of 2 and 3, as shown in Figure 1. The variance components from the threshold model estimated
the additive genetic variance for rebreeding success at two to three years of age to be 0.15 = 0.06.
This assumes the residual variance is fixed at 1. The resulting heritability for rebreeding from 2 to
3 years of age was 0.13 £ 0.06. The fixed effects of CG were also shown to be significant (P <
0.05) in the model illustrating year-to-year changes can occur due to non-genetic factors.
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Figure 1. Rebreeding success percentages between 2 and 3 years of age



Discussion

This study estimated 13.0% of the variation in 2-year-old first-calf heifers who rebreed and calve
as 3-year-olds was accounted for by additive genetic effects. This heritability is consistent with
expected estimates for reproductive traits. These differences reflect changes in environmental
conditions, management practices, and other factors. Estimates for heritability of beef cattle
reproductive traits range from 0.02 - 0.36, depending on the trait (Cammack et al., 2009), and
indicate that progress can be made through genetic selection. This is comparable to other similar
estimates for rebreeding traits in Angus cows. Doyle et al. (2000) reported a heritability of 0.19 +
0.14 for rebreeding in two-year-old females. Similarly, Berry etal. (2021) estimated the heritability
for rebreeding performance in two-year-old Hereford and Angus cows to be at 0.13 £ 0.01.
Overall, results show lower reproductive success from the first to the second calf, with lower
rebreeding success than in older cows. Even though environment and management play significant
roles, the heritability estimate suggests that genetic selection could improve rebreeding efficiency
in first-calf heifers.

Conclusions

This study shows reduced reproductive success in first-calf heifers through lower rebreeding
success from two to three years of age compared to older cows. These results suggest
increase risk of failure to rebreed for first-calf-heifers resulting in an increase in culling rates
for these young females. The estimated heritability of 0.13 £ 0.06 indicate that genetic
factors play a moderate role in trait variation, consistent with previous studies. Management
and nutritional factors play a significant role in this rebreeding success, but additive genetic
variation show that genetic progress can be made through selection. Being able to improve
early reproductive performance can greatly benefit the economics of production. Early
failure of not having a calf reduces lifetime productivity and prevents recoupment of
developmental costs.

In conclusion, the results from this study illustrate that there is a decrease in reproductive
efficiency when it comes to heifers rebreeding after their first calf. The heritability shows
that while environmental and other factors play a significant role in this challenge, progress
can be made through genetic improvement to improve the overall productivity of females in
the herd.
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