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INTRODUCTION

Stayability (STAY) in beef cattle, has been 
traditionally defined as the probability that a cow 
will remain in the herd until 6 yr of age, given she 
first calved as a 2-yr-old (Brigham et  al., 2007). 
Cows that stay in production longer, benefit prof-
itability of the herd by reducing the need of fe-
male replacements, decreasing the incidence of 
dystocia and increasing the average weaning 
weight of marketed calves (Garrick, 2006). Sire 
genetic evaluations for STAY are challenging due 
to the low heritability of the trait and the consid-
erably long time (e.g., 6 yr) required to collect ob-
servations from the female progeny (Speidel et al., 
2018). This delay in collection of phenotypes re-
duces the accuracy of sire’s genetic predictions at 
early ages and therefore slows genetic progress. 
Traditional evaluations for STAY are typically 
performed with threshold models that only con-
sider the success or failure of daughters reaching 
the age of 6 yr, explicitly ignoring the information 
from the female progeny that are not yet 6 yr of 
age or that are still producing beyond that age end 
point. Given these deficiencies, the application of 
a statistical approach designed to use informa-
tion from both earlier and later ages is expected 
to improve the accuracy of sire evaluation. Within 
this context, random regression models (RRM) 
have been successfully applied to STAY data, 

since binary observations can be assigned to any 
discrete point in time during a cow’s lifetime and 
expected progeny differences (EPD) with higher 
accuracies can be generated for any particular age 
(Jamrozik et al., 2013). Prior research efforts using 
RRM have included earlier age end points in the 
estimation of an aggregated 6-yr STAY genetic 
prediction (Sánchez-Castro et al., 2017); however, 
predictions using regression equations have a ten-
dency to be variable, particularly at the ends of the 
prediction range. For traits such as STAY, there is 
potential to extend the age end points beyond 6 yr 
of age in order to increase the stability of the 6-yr 
STAY EPD in comparison with the increases in 
accuracy associated with RRM that finalize their 
prediction range at the age of 6 yr. Therefore, the 
objectives of this study were to determine the effi-
cacy associated with extending evaluated age end 
points beyond 6 yr of age in an effort to stabilize 
the prediction of 6-yr STAY and evaluate the ac-
curacy gains using various RRM when compared 
to a traditional threshold evaluation.

MATERIALS AND METHODS

The data used in this study were obtained 
from an existing database; therefore, the study was 
not subjected to animal care and use committee 
approval.

Data Collection and Editing

Calving performance data consisting of  1,301 
Angus females (progeny of  231 sires and 817 
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dams) collected from 1993 to 2016 at the Colorado 
State University Beef  Improvement Center (CSU-
BIC) were used for the study. Starting from the 
third calving, the value of  1 (successful) or 0 (un-
successful) was attributed to cows that, respect-
ively, calved or not. Consequently, a total of  ten 
STAY end points were defined for the study, ran-
ging from STAY03 through STAY12, with the 
total number of  observations for the largest data 
set being 10,147.

Statistical Analysis

Traditional EPD calculation for STAY06 was 
performed using a univariate BLUP threshold 
animal model along with a probit link function 
to convert binary observations to an underlying 
normal distribution. The model equation was:

y = Xb + Zu + e

where y corresponded to a vector of transformed 
observations of STAY06 on the underlying scale, 
b was a vector of unknown solutions for fixed ef-
fects, which included contemporary group (defined 
as a combination of dam and calf  birth year), u 
corresponded to a vector of unknown solutions of 
animal random effects. X  and Z  were known inci-
dence matrices relating observations in y to both 
fixed and random effects, and e was the vector of 
unknown residual errors. For this model, variances 
were assumed to be:

Var

ñ
u
e

ô
=

ñ
Aσ2

a 0
0 Iσ2

e

ô

where A  represents the Wright’s numerator rela-
tionship matrix, I is an identity matrix and σ2

a  and 
σ2

e  are the additive and residual variances, respect-
ively. As explained by Brigham et  al. (2007), the 
additive variance (σ2

a) was unique for the evalu-
ated age end point and the residual variance (σ2

e ) 
was constrained to be equal to 1 in accordance to 
the specifications of the maximum “a posteriori” 
probit threshold model.

In addition, all STAY end points were evalu-
ated using seven linear RRM with Legendre poly-
nomials as their base function. In general, the 
only difference among the models was the age 
at the end of  the prediction range (6, 7 and up 
to 12 yr of  age); however, for all the models the 
equation was:

y = Xb + Qu + e

where y corresponded to a vector of STAY obser-
vations, b was a vector of unknown solutions for 

fixed effects that included contemporary group 
(combination between dam and calf  birth year) and 
a linear fixed regression, u corresponded to a vector 
of unknown solutions of random regressions for 
animal additive direct genetic effects. X  and Q were 
known incidence matrices relating observations in 
y to both fixed and random effects, and e was the 
vector of unknown residual errors. Variances as-
sumed for the models were:
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where A represents the Wright’s numerator relation-
ship matrix, G corresponds to a variance–covari-
ance matrix of additive genetic random regression 
coefficients and, R = diag{σ2

ek
} representing a diag-

onal matrix of temporary environmental variances 
that themselves vary depending on the kth age end 
point. The model predicted the genetic merit of 
the presence of a weaned calf  at each particular 
age end point; therefore, EPD were summed to 
obtain the individual’s genetic merit for the pres-
ence of a calf  at 3, 4, and up to 12 yr of age, de-
pending on the RRM used. Accuracy estimations 
were performed according to the guidelines of the 
Beef Improvement Federation (2010). All the ana-
lyses were performed using ASREML 3.0 (Gilmour 
et  al., 2009) and the Animal Breeder’s Tool Kit 
(Golden et al., 1992).

RESULTS AND DISCUSSION

The percentage of dams receiving a successful 
observation at each of the STAY end points included 
in the study is shown in Figure 1. The tendency of 
the average percentage of STAY to consecutive 
calvings is clearly negative, which was consistent 
with previous reports (Jamrozik et  al., 2013) and 
the biology of cow production in general. Pearson 
and Spearman’s correlations, as well as the regres-
sion coefficients of EPD for 6-yr STAY obtained 
with RRM that included age end points beyond 
6, on the predictions obtained with the threshold 
animal model and the RRM that included only data 
up to 6 yr are shown in Tables 1 and 2, respectively. 
Overall, predictions among the threshold animal 
model and all the RRM were moderate and posi-
tively correlated, implying that EPD obtained with 
both methodologies were similar. Regarding to 
the Spearman’s correlations, a moderate degree of 
re-ranking of individuals occurred between both 
methodologies. Similar results were reported by 
Lewis and Brotherstone (2002) when comparing 
the estimated breeding values for growth traits in 
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sheep obtained with random regression techniques 
with estimated breeding values obtained with a trad-
itional method (univariate animal model) based on a 
Gompertz form.

With respect to the regressions of predictions 
obtained with the RRM on the traditional method, 
an underestimation of the genetic merit for STAY06 
occurred with the traditional threshold model when 
compared to the RRM. Similar results were reported 
by Sánchez-Castro et  al. (2017) when comparing 
EPD for STAY at consecutive ages. Among the seven 
RRM implemented in this study, all of them had es-
sentially the same predictive power for the 6-yr EPD 
for STAY, since all correlations and regression coeffi-
cients obtained for these models were close to 1. This 

result was expected as there was no age variability for 
STAY06, there were no missing records, and the ana-
lyses were not performed with independent data sets. 
Nobre et al. (2003) reported similar EPD estimated 
for birth weight (BW) using a multiple-trait model 
(MTM) and RRM; basically, authors explained that 
with an equal amount of information, and no age 
variability associated with BW, it was possible to es-
timate numerically accurate solutions and function-
ally identical parameters that lead to the MTM and 
RRM to provide identical results.

Regarding accuracy differences of STAY06 EPD 
predictions using various RRM when compared to 
a traditional threshold evaluation, results of this 
study suggest that mean accuracy for all RRM was 
considerably higher than the one obtained using 
an animal threshold model (Figure 2). The origin 
of this difference relies on the fact that different 
amounts of information are being incorporated with 
each method, in the case of the threshold animal 
model, only 6-yr-old females are being considered 
as they alone have an observation, whereas for the 
RRM, all available observations within the specific 
prediction range of each model are being incorpor-
ated into the analysis. In this context, Bohmanova 
et al. (2005) suggested that the accuracy of RRM in-
creases when additional records were incorporated 
and Meyer (2004) reported that accuracies obtained Figure 1. Average stayability (%) to consecutive calvings.

Table 2. Regression coefficients of predictions for 6-yr stayability obtained with different statistical models

TRAD RRM06 RRM07 RRM08 RRM09 RRM10 RRM011

TRAD 1       

RRM06 8.17 1      

RRM07 7.90 0.96 1     

RRM08 7.77 0.95 0.99 1    

RRM09 7.79 0.95 0.99 0.99 1   

RRM10 7.88 0.95 0.99 1.00 1.01 1  

RRM11 8.02 0.96 0.99 1.01 1.01 1.01 1

RRM12 8.17 0.96 1.01 1.02 1.02 1.02 1.01

TRAD = traditional animal threshold model, RRMk = kth random regression model.

Table 1. Pearson correlations (above diagonal) and Spearman’s rank correlations (below diagonal) of pre-
dictions for 6-yr stayability obtained with different statistical models

TRAD RRM06 RRM07 RRM08 RRM09 RRM10 RRM011 RRM12

TRAD  0.59 0.59 0.58 0.59 0.59 0.59 0.60

RRM06 0.65  0.99 0.99 0.99 0.99 0.99 0.98

RRM07 0.65 0.99  0.99 0.99 0.99 0.99 0.99

RRM08 0.64 0.99 0.99  0.99 0.99 0.99 0.99

RRM09 0.65 0.99 0.99 0.99  0.99 0.99 0.99

RRM10 0.65 0.99 0.99 0.99 0.99  0.99 0.99

RRM11 0.65 0.98 0.99 0.99 0.99 0.99  0.99

RRM12 0.65 0.98 0.99 0.99 0.99 0.99 0.99  

TRAD = traditional animal threshold model, RRMk = kth random regression model.
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with RRM were consistently higher than those esti-
mated through MTM.

More interestingly, changes in the mean accuracy 
of EPD values for all STAY end points obtained with 
the seven RRM are shown in Figure 3. In general, for 
all the models mean accuracies of EPD were lower 
at the extremes of the prediction range than for the 
middle points. In this context, Schaeffer and Jamrozik 
(2008) reported that when using Legendre polyno-
mials, the estimated covariance matrices used to cal-
culate genetic variances over the range of data, tend 
to result in genetic variances that are much higher at 
the beginning and end of the data range than in the 
middle. Regardless of the previous problem, results of 
this study support the hypothesis that the use of older 
age end-point observations increased the stability of 
the 6-yr STAY EPD, and the accuracies obtained 

with these models (RRM07 through RRM12) 
were higher than the accuracies obtained with the 
threshold animal model (Figure 2) and with the 
RRM that ends use of data at the age of 6 yr (Figure 
3). Specifically, mean accuracies for 6-yr STAY EPD 
were 0.088, 0.386, 0.399, 0.407, 0.409, 0.409, 0.409 
and 0.407, for the threshold animal model, RRM06, 
RRM07, RRM08, RRM09, RRM10, RRM11, and 
RRM12, respectively. Starting with RRM08 and up 
to RRM12, a stabilization of the mean accuracy for 
6-yr STAY predictions becomes apparent because 
results are nearly identical between each end point 
(0.407 to 0.409). In conclusion, RRM have a better 
predictive power for 6-yr STAY EPD when com-
pared to the traditional threshold evaluation because 
of their higher accuracies. When compared to each 
other, although all RRM implemented in this study 

Figure 2. Mean accuracy for 6-yr stayability predictions obtained with all the statistical models (TRAD = traditional animal threshold model, 
RRMk = kth random regression model).

Figure 3. Changes in mean accuracy for all stayability end points depending on the random regression model used to analyze the data 
(RRMk = kth random regression model).
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predicted the same genetic merit for individuals, an 
important stabilization of the genetic prediction for 
6-yr STAY occurred when including observations of 
8-yr-old females and beyond.
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