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ABSTRACT. We evaluated the genetic association of growth traits [weight
adjusted to 205 days of age (W205), 365 days of age (W365), and 550
days of age (W550); weight gain between 205 days of age and 365 days of
age (WG1) and between 365 days of age and 550 days of age (WG2)] and
reproductive traits [age at first calving (AFC); first calving interval (FCI)]
with stayability in the herd (STAY), using Bayesian inference in linear and
threshold models. We defined STAY as the probability of a cow calving
three or more times before the age of 76 months, given that she had
calved at least once. We assigned binary codes (0, failure; 1, success)
to each female. We used a sire model for analysis and formed different
contemporary groups for the investigated traits. We analyzed the results
by applying a two-trait sire model that included STAY (threshold trait) and
linear traits (W205, W365, W550, WG1, WG2, AFC, and FCI). We used
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Gibbs sampling to estimate variance components and heritabilities. In all
the analyses, we found that the mean heritability estimates for STAY were of
moderate magnitude (0.20-0.25). The mean heritabilities for W205, W365,
W550, WG1, WG2, AFC, and FCI were 0.20, 0.23, 0.39, 0.08, 0.14, 0.12, and
0.11, respectively. We observed wide variation in the posterior distributions
of genetic correlations; however, with the exception of those obtained for the
reproductive traits, the mean estimates were of low magnitude. Selection for
WG2 can results in favorable correlated response in STAY.
Key words: Heritability; Longevity; Selection of females; Threshold model

INTRODUCTION
An increase in cow longevity reduces annual production costs derived from heifer
replacement and involuntary culling. Consequently, higher selection intensities can be applied to
female selection criteria in breeding programs.
Production during the life of a cow is of direct economic importance but is difficult to define.
Moreover, selection for this trait is associated with a series of problems. First, the cow needs to leave
the herd so that the trait is expressed. Therefore, the main problem related to the analysis of measures
of longevity-associated traits such as the length of productive life of a cow in the herd is the presence
of censoring, i.e., the recording of partial observations. Several animals of the contemporary groups
that are being analyzed will remain in the herd throughout the study. Hence, the data obtained from
these animals cannot be used in the analysis, and this leads to bias in the results.
Several mathematical expressions have been used to define traits that could be used to
express the total production of a cow. These traits include stayability in the herd (STAY), number
of calves produced, and calf weight (Lôbo et al., 1994, 2000; Eler et al., 2006). One of the traits
most commonly used to represent the useful life of females is STAY, which is evaluated in dairy
and beef cattle herds.
STAY is defined by some authors as the probability that a cow will survive to a specific age,
given that it has the opportunity to reach this age (Hudson and Van Vleck, 1981; Marcondes et al.,
2005). Other researchers define STAY as the fraction of progeny of a certain bull that is still alive at
a particular age, given that these progeny are a part of a group that has had the opportunity to reach
this age. According to Van Vleck (1980), the advantages of STAY are that this trait is easily measured
and it represents the selection criteria of the breeder who eliminates cows based on low production.
Another advantage is that STAY is expressed at a fixed age; hence, it is not necessary to wait for
the animals to be culled from the herd before measuring the trait. However, because stayability is
measured later in life than age at first calving (AFC) and first calving interval (FCI), its use as selection
criteria could increase generation interval and reduce genetic progress on AFC and FCI.
The use of STAY in genetic evaluations has a series of limitations owing to the binary
nature of the observations. According to Smith and Allaire (1986), linear models-, which do not
accommodate censored data-are also inadequate for the analysis of binomial data because of the
violation of the assumption of normality. In contrast, threshold models for binary data have been
used efficiently for decade (Rekaya et al., 2001; Silva et al., 2003).
According to Silva et al. (2003), STAY in beef cattle represents an indicator trait of
reproductive capacity. The reason is that in beef cattle farming, cows are culled because of
reproductive failure and not based on low productive capacity. STAY is currently used an indicator
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trait of reproductive capacity in various beef cattle breeding programs in Brazil. However, to the
best of our knowledge, no previous studies have examined the association of this trait with other
productive and reproductive traits, in order to indicate the effect of selection for STAY on other traits
of economic importance or to identify an indicator trait of longevity.
In the present study, we evaluated the genetic association of growth and reproductive
traits with STAY, using Bayesian inference in linear and threshold models.

MATERIAL AND METHODS
Traits and data consistency
The data used in this study refer to Nellore herds reared in the northern region of Brazil
and were provided by the Brazilian Association of Zebu Breeders which is located in Uberaba - MG,
Brazil [Associação Brasileira dos Criadores de Zebu (ABCZ)]. We studied the following traits: weight
adjusted to 205 days of age (W205), 365 days of age (W365), and 550 days of age (W550); weight
gain between standard ages [205-365 days (WG1) and 365-550 days (WG2)]; age at first calving
(AFC) first calving interval (FCI); and STAY. We defined STAY as a binary variable, attributing a value
of 1 to cows with at least three calvings before the age of 76 months and a value of 0 to cows with
fewer than three calvings before the age of 76 months. According to Formigoni et al. (2002), three
calvings cover the costs of breeding and rebreeding of a cow. We established a period of 76 months
to enable the cow to reach three calvings, because the first calving generally occurs at 32 months of
age. Only data obtained from females with STAY records were included in our analyses.
We analyzed the structure and consistency of the dataset using the Statistical Analysis
System program (SAS, 2004). The environmental factors used for the formation of the contemporary
groups varied according to the trait studied. For weights and weight gains, the contemporary groups
were formed by animals born on the same farm, in the same year and season of birth, and reared
under the same feeding regimen. For AFC and STAY, only animals born on the same farm and in
the same year and season of birth were considered. For FCI, animals were grouped according to
cow’s farm, year of birth and season of first calving. Contemporary groups with at least 10 animals
and offspring of a single sire were maintained. In the case of STAY, contemporary groups showing
no variation were excluded. For the remaining traits, animals with performance records having 3.5
standard deviations above or below the mean of their contemporary group were excluded. The
descriptive statistics of the dataset used are shown in Table 1.

Table 1. Descriptive statistics of the dataset used for the combined analysis of STAY (T1) and linear traits (T2).
T2

N (T1)

N (T2)

Mean (T2)

SD (T2)

P (0)

W205
W365
W550
WG1
WG2
AFC
FCI

8407
7813
7452
7813
7452
11,055
11,027

19,441
15,402
9834
15,514
9962
49,174
27,468

172.07 kg
227.82 kg
278.88 kg
55.33 kg
60.65 kg
1147 days
494 days

27.48 kg
45.36 kg
47.16 kg
32.92 kg
22.61 kg
138 days
113 days

42.9%
42.7%
43.5%
42.7%
43.5%
41.6%
41.6%

N, number of observations; SD, standard deviation; P (0), proportion of animals that did not achieve three calvings until
6 years of age; W205, weight adjusted to 205 days of age; W365, weight adjusted to 365 days of age; W550, weight
adjusted to 550 days of age; WG1, weight gain between 205 days and 365 days of age; WG2, weight gain between
365 days and 550 days of age; AFC, age at first calving; FCI, first calving interval.
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Genetic-quantitative analysis
In the present study, we conducted two-trait analysis in a sire model that included STAY
(threshold trait), growth traits (W205, W365, W550, WG1, and WG2), and reproductive traits (AFC
and FCI). The matrix representation of the analysis model is:
(Equation 1)

where y, b, s, and ε are the vectors of observations, effects (contemporary groups), random sire
effect, and random residual effect, respectively; and X and Z, in this order, are the incidence
matrices relating the effects to the observations.
We estimated variance and covariance components using Bayesian methods based
on the marginal posterior distributions of the parameters. We considered the following a priori
distributions: uniform for the effects of contemporary groups, Gaussian for sire and residual effects,
and inverse Wishart distributions, which are inverse multivariate gamma distributions, for sire (G)
and residual (R) (co)variance components.
The threshold model used for the analysis of STAY was based on the theory initially
proposed by Sorensen (1996) and Korsgaard et al. (2003), using Bayesian inference through
Gibbs sampling in single- and multi-trait models. In these models, it is assumed that the underlying
scale shows a normal distribution, which can be described as:
(Equation 2)

where U is the underlying variable vector of order r;
is the vector of the location
parameters of order s with p fixed effects (b) and k random additive genetic values (a); W is a known
2
incidence matrix of order r x s; I is an identity matrix of order r; and ó e is the residual variance. The
2
variable in the underlying distribution is not observable, and therefore parameterization ó e = 1 is
generally adopted to obtain reliability in the likelihood function (Gianola and Sorensen, 2002).
Categorical traits are determined by non-observable continuous variables in the underlying
scale and initial threshold values are established, where t1 < t2 < ... < tj − 1, with t0 = −∞ and tj = +∞,
with j being the number of categories. The conditional probability that the response variable, yi, falls
in category j (j = 0;1) can be written as:
(Equation 3)

where yi is the response variable for the ith observation; t is the value of the threshold that defines
the categories of the response; Ui is the value of the underlying variable; Φ( ) is the cumulative
distribution function of a standardized normal variate;
is a row incidence vector that associate θ
to the ith observation.
The analyses were carried out using the THRGIBBSF90 program (Misztal, 2007), in which
methods of Bayesian inference through the Gibbs sampler are implemented. The analysis was
performed using a single chain of 400,000 samples, with a conservative burn-in period of 40,000
cycles and retention of a sample for every 10 iterations. Next, convergence of the Markov chains was
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confirmed using graphic (visual) inspection and the Geweke test (1992). Thus, descriptive statistics
of the samples were obtained considering a stationary chain. The genetic parameters (heritabilities
and genetic correlations) and breeding values were calculated vector by vector, and distributions
were obtained for these parameters. In view of the possibility of obtaining asymmetrical posterior
distributions of the parameters, the 95% highest posterior density intervals of the samples were
calculated. Convergence diagnostics were performed using the Bayesian Output Analysis program
(BOA) (Smith, 2005), available in the R Core Team programming package (R Core Team, 2012).

RESULTS
The convergence diagnostics revealed that the burn-in period adopted was sufficient to
obtain stationary chains; with the exception of one parameter, the z-scores were within the range
of -1.96 to +1.96 in the Geweke test (Tables 2-4). Posterior densities and trace plots for adjusted
weights, weight gains, and reproductive traits, are shown in Figures 1, 2, and 3, respectively.
The null hypothesis for residual variance of WG1 was rejected in the Geweke test (Table 3);
however, visual inspection of the sample sequence trace (Figure 2) showed that the chain could be
considered stable even in this case.

Figure 1. Posterior density (left) and trace plots (right) of heritabilities for weights adjusted for 205 days (h²W205), 365 days
(h²W365), and 550 days (h²W550), stayability (h²STAY), genetic correlation (ra), and residual correlation (re) for each weight.

Figure 2. Posterior density (left) and trace plots (right) of heritabilities for weight gain between 205 and 365 days
(h²WG1) and between 365 and 550 days (h²WG2), stayability (h²STAY), genetic correlation (ra), and residual correlation (re)
for each trait.
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Figure 3. Posterior density (left) and trace plots (right) of heritabilities for age at first calving (h²AFC) and first calving
interval (h²FCI), stayability (h²STAY), genetic correlation (ra), and residual correlation (re) for each trait.

All the posterior distributions of the parameters tended to approach a normal distribution;
however, the correlations showed wide highest posterior density intervals.
In all the analyses, the heritability estimates (Tables 2-4) for STAY were of moderate
magnitude (0.20-0.25).
Table 2. Posterior means, 95% highest posterior density intervals (95HPD), and Geweke z-scores of the
parameters estimated in two-trait analysis between stayability (STAY) and weights adjusted for 205 days (W205),
365 days (W365), and 550 days (W550) of age.
Weight

Parameter*

Mean

			
W205

W365

W550

σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr
σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr
σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr

0.07
22.32
1.02
413.82
0.25
0.20
0.09
0.09
0.06
50.84
1.02
831.38
0.23
0.23
0.07
-0.01
0.06
95.41
1.03
886.30
0.23
0.39
0.06
0.19

95HPD		
Lower limit

Upper limit

0.03
14.86
0.99
404.90
0.13
0.14
-0.23
0.004
0.03
33.80
0.99
811.70
0.12
0.16
-0.26
-0.12
0.03
62.15
0.99
859.80
0.12
0.26
-0.27
0.06

0.11
30.35
1.05
421.90
0.38
0.27
0.39
0.19
0.09
69.76
1.05
849.90
0.35
0.31
0.37
0.09
0.10
132.10
1.06
911.30
0.36
0.52
0.38
0.32

Geweke

0.19
0.69
0.27
1.12
0.18
0.67
1.79
-0.45
0.37
-1.01
-1.49
1.01
0.41
-1.03
-0.38
-1.85
0.36
-0.19
0.56
-0.38
0.35
-0.17
-1.72
1.43

*σs12, sire variance for STAY; σs22, sire variance for the weight analyzed; σe12, residual variance for STAY; σe22, residual
variance for the weight analyzed; h12, heritability for STAY; h22, heritability for the weight analyzed; ρs, genetic correlation;
ρr, residual correlation.
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Table 3. Posterior means, 95% highest posterior density intervals (95HPD), and Geweke z-scores of the
parameters estimated in two-trait analysis between stayability (STAY) and weight gain between the adjusted
ages of 205 and 365 days (WG1) and 365 and 550 days (WG2).
Weight gain

Parameter

Mean

95HPD		

			
WG1

WG2

σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr
σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr

0.06
9.23
1.02
456.17
0.23
0.08
0.02
0.04
0.06
7.49
1.03
199.08
0.23
0.14
0.19
0.27

Lower limit

Upper limit

0.039
4.74
0.99
445.50
0.11
0.04
-0.38
-0.08
0.03
4.09
0.99
193.30
0.11
0.08
-0.19
0.16

0.09
14.15
1.05
466.40
0.35
0.12
0.41
0.16
0.09
11.32
1.06
204.70
0.35
0.22
0.55
0.39

Geweke

1.39
-0.74
-0.34
2.29
1.41
-0.77
-0.14
1.22
-0.54
0.96
0.08
1.85
-0.53
0.90
0.66
0.14

*σs12, sire variance for STAY; σs22, sire variance for the weight gain analyzed; σe12, residual variance for STAY; σe22,
residual variance for the weight gain analyzed; h12, heritability for STAY; h22, heritability for the weight gain analyzed;
ρs, genetic correlation; ρr, residual correlation.

The posterior means of the variance components and genetic parameters are shown in Table
2 (adjusted weights), Table 3 (weight gains), and Table 4 (AFC and FCI). The mean heritabilities for
W205, W365, and W550 were 0.20, 0.23, and 0.39, respectively. The mean heritabilities for weight
gains were of low magnitude (WG1, 0.08; WG2, 0.14) (Table 3). Moreover, the mean estimates of
0.12 and 0.11 obtained for AFC and FCI, respectively (Table 4) were considered low.
Table 4. Posterior means, 95% highest posterior density intervals (95HPD), and Geweke z-scores of the
parameters estimated in two-trait analysis between stayability (STAY) and the two investigated reproductive traits,
namely, age at first calving (AFC) and first calving interval (FCI).
Reproductive trait

Parameter

Mean

			
AFC

FCI

σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr
σs12
σs22
σe12
σe22
h 12
h 22
ρs
ρr

95HPD		
Lower limit

Upper limit

0.03
314.30
0.99
13,180
0.12
0.09
-0.85
-0.65
0.034
165.90
0.99
8476
0.13
0.07
-0.83
-0.54

0.08
553.30
1.03
13,520
0.29
0.16
-0.51
-0.62
0.090
342.90
1.04
8777
0.33
0.15
-0.36
-0.49

0.05
427.19
1.01
13,361
0.20
0.12
-0.69
-0.64
0.06
251.88
1.02
8628
0.23
0.11
-0.60
-0.51

Geweke

-0.89
-0.79
1.26
1.81
-0.89
-0.85
0.47
0.29
-1.14
-0.05
-0.73
-0.65
-1.13
-0.04
0.19
1.03

*σs12, sire variance for STAY; σs22, sire variance for the reproductive trait analyzed; σe12, residual variance for STAY; σe22,
residual variance for the reproductive trait analyzed; h12, heritability for STAY; h22, heritability for the reproductive trait
analyzed; ρs, genetic correlation; ρr, residual correlation.
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DISCUSSION
In the present study, all the posterior distributions of the parameters (Figures 1-3) tended
to approach a normal distribution. However, the correlations showed wide highest posterior density
intervals; hence, conclusions about these parameters must be drawn with caution. According to
Lynch (1999), in comparison with univariate parameters, genetic correlations are particularly difficult
to estimate because they require accurate estimates of the parameters of which they are functions.
In all the analyses, the heritability estimates (Tables 2-4) for STAY were of moderate magnitude
(0.20-0.25). These results suggest that a considerable part of genetic variation can be attributed to the
average effects of genes, and this enables genetic gains to be obtained through selection. Similar
heritability estimates have been reported in previous studies evaluating data obtained from Nellore
cattle. Silva et al. (2006) determined an estimate of 0.22. Melis et al. (2007) obtained heritabilities
of 0.25, 0.22, and 0.28 for STAY at 5 years of age, 6 years of age, and 7 years of age, respectively.
However, Buzanskas et al. (2010) reported a lower heritability (0.03) for this trait. This wide range in
heritability estimates can be attributed to the different models used (sire or animal model) or the different
definitions of STAY adopted, as well as to the different genetic constitutions of the populations studied.
The heritabilities for W205, W365, and W550 were 0.20, 0.23, and 0.39, respectively.
An increasing trend in heritability was previously observed in longitudinal studies of weights
(Albuquerque and Meyer, 2001; Boligon et al., 2010). The heritabilities obtained in our present
study are similar to those reported by Giannotti et al. (2005) for weights from birth to 550 days of age
(0.23-0.31). However, they are lower than those reported by Siqueira et al. (2003), who analyzed
weights at different ages (120, 455, and 550 days) and estimated heritabilities ranging from 0.29
to 0.58 for these traits. Faria et al. (2007) obtained higher heritability estimates for weights at 365
days (0.49) and 450 days (0.52) of age.
In the present study, the mean heritabilities for weight gains were of low magnitude (WG1,
0.08; WG2, 0.14) (Table 3). These estimates are lower than those obtained by Paneto et al.
(2002) for Nellore cattle, using the REML method in single-trait analysis. These authors estimated
heritabilities for WG120-240, WG240-365, WG365-455, and WG455-550 of 0.32, 0.16, 0.21, and
0.23, respectively. However, the heritability for WG2 obtained in the present study is higher than
those reported by Cucco (2008) for Brown Swiss cattle-0.12 (WG120-205), 0.12 (WG205-365),
0.13 (WG365-450), and 0.05 (WG450-365).
The heritability for AFC (0.12) obtained in the present study is similar to those reported by
Dias et al. (2004), Silva et al. (2005), and Boligon et al. (2007, 2008) for Nellore cattle. Reproductive
traits measured in Nellore females were previously reported to show low heritabilities, because
these traits are strongly influenced by environmental factors and non-additive genetic effects.
However, heritability estimates for AFC of moderate to high magnitude-ranging from 0.28 to 0.40have been demonstrated (Mercadante et al., 2000; Bertazzo et al., 2004; Faria et al., 2008).
The heritability for FCI obtained in the present study was 0.11 and was considered low. On
the other hand, Campello et al. (1999) and Silveira et al. (2004) studied calving intervals considering
various measures per animal and estimated moderate and high coefficients of heritability (0.32 and
0.42, respectively). According to these authors, low coefficients of heritability are obtained when
only the FCI or FCIs are evaluated; the main reason is that young cows are more vulnerable to
nutritional stress, and this impairs the identification of genetic differences. The traits AFC and FCI
are generally of fundamental importance for the productivity of a herd. Gains in these traits obtained
through genetic improvement will be permanent, and this justifies investment in the selection of
genetically superior animals.
Genetics and Molecular Research 14 (4): 14956-14966 (2015)
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We observed wide variation in the posterior distributions of genetic correlations between
STAY and the other investigated traits (Figures 1-3); however, with the exception of those obtained
for the reproductive traits, the mean estimates were of low magnitude. Values indicating a low
association between weight and longevity traits have been reported previously. Buzanska et al.
(2010) determined a genetic correlation of -0.09 between STAY and weight at 420 days of age in
Canchim cattle. Silva et al. (2006) reported a positive genetic correlation (0.15) between STAY and
weight at 550 days of age in Nellore cattle.
Based on the definition of STAY, the negative association of AFC and FCI with STAY is
not surprising; in other words, the earlier an animal initiates breeding and the shorter its calving
intervals, the higher will be the probability of success (at least three calvings before the age of 6
years). Silva (2012) obtained values of the same order of magnitude for Gyr cattle, by applying
two different definitions of STAY at 48 months (-0.55) and 60 months of age (-0.54). However,
contrary to the present study, the author reported positive correlations between STAY and FCI; this
discrepancy was probably caused by the different definitions of STAY used.
Considering the magnitude of heritability for STAY obtained in the present study, genetic gain by
direct selection would be expected. However, this trait is measured at an advanced age, and therefore
the annual genetic gain may be compromised because of an increase in the generation interval. Hence,
an alternative means of genetic gain would be indirect selection through traits that are measured at
younger ages, and which are correlated with STAY. Given the genetic correlations, the most appropriate
option for obtaining correlated gain would be to select animals for AFC-even if the accuracy of selection
is lower-based on the magnitude of heritability. However, different definitions of criteria for the cow’s
initiation of breeding exist on different farms, and therefore the use of AFC as a selection criterion must
be treated with caution. Furthermore, AFC is obtained earlier than STAY but is measured only after the
animals have initiated breeding. Moreover, this trait is only expressed in females.
Most genetic breeding programs apply weight traits as selection criteria, and therefore the
use of W550 and WG2 would be a more viable option. First, both traits are observed at younger ages
than AFC and therefore they may contribute to a decrease in the generation interval. Considering
the factors that influence correlated genetic gain, selection for WG2 would be more interesting
based on the higher genetic correlation with STAY. However, W550 presents higher heritability, and
therefore this trait would permit higher gains owing to the greater accuracy of selection.
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