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Abstract 
The preweaning calf survival (SW) is one of the main economic bottlenecks of beef cattle rearing systems, 
however there is still few quantitative studies approaching this issue. Being a binary trait, genetic parameters for 
SW can be estimated considering continuous or categorical data under frequentist and Bayesian methods providing 
support for the selection and mating of animals in breeding programs. Therefore, the objectives in this study were 
to obtain and compare the variance component estimates for preweaning calf survival of calves in single-trait 
analyses and their correlations with a continuous trait in two-trait analyses. An amount of 25 218 data of the 
categorical trait of calf survival until weaning (SW) and the continuous trait of weaning weight (WW) were 
collected between the years of 2000 and 2012 in six herds of Nellore cattle. Methods III of Henderson, Maximum 
Restricted Likelihood (REML), Bayesian Inference and Generalized Linear Mixed Model (GLMM) were tested. 
Variance components obtained in one-trait analyses were similar to those obtained in two-trait analyses. Estimates 
of heritability (h2) obtained with different models for SW ranged from 0.0206 to 0.2644. The comparison between 
different estimation methods in single or two-trait analysis models allows the conclusion that the most appropriate 
method for SW analysis was the Bayesian estimation under an animal model and assuming linear distribution for 
phenotypes of SW trait.  
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1. Introduction 
Preweaning calf mortality is one of the main economic bottlenecks of beef cattle rearing systems (Bourdon & 
Golden, 2000). Mortality rate of calves can be influenced by calf sex (Corrêa et al., 2000); climate and 
management conditions; vigor and birth weight of calves; temperament, conformation of the breast unit and milk 
yield of the cows as well as by genetic aspects of the cow and the calf (Ray et al., 1989; Riley et al., 2001a, 2004). 
In Brazil, mortality rate averages of 8 and 4% were already reported for preweaning and post-weaning periods 
respectively (Euclides Filho, 2000). Specifically for Nellore cattle, the most important and populous zebu cattle in 
Brazil, losses of 6% (Corrêa et al., 2000) and 7.99% (Schmidek et al., 2013) until weaning were reported for calves 
in extensive breeding. Nevertheless, few quantitative studies considering preweaning mortality rate have been 
conducted in such breed populations.  

The trait called preweaning calf survival represents the mortality of calves at this stage of life (until to the weaning). 
It has a binomial distribution, assuming the phenotypes 0 or 1 for calves that died before weaning, and 1 or 2 for 
calves that were alive at weaning. Therefore, this trait has a threshold distribution of phenotypes that are grouped 
in few phenotypic classes.  

Variance components and genetic parameters for categorical traits can be estimated in a one-trait or two-trait 
analyse under the assumption of linear (Forutan, Mahyari, & Sargolzaei, 2015) or threshold distribution of 
phenotypes (Faria et al., 2010; Forutan, Mahyari, & Sargolzaei, 2015), by using sire or animal models (Forutan, 
Mahyari, & Sargolzaei, 2015); and by adopting restricted maximum likelihood (REML, Queiroz et al., 2011), 
Bayesian (Santana Jr. et al., 2013) or generalized linear mixed model approaches (GLMM, Forutan, Mahyari, & 
Sargolzaei, 2015) as estimation methods.  
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Besides being little studied in zebu breeds, such as the Nellore cattle, there is no definite consensus regarding the 
best methodology or combinations of methodologies to be adopted in the genetic analysis of preweaning calf 
survival. Therefore, the aim in this study was to estimate variance components for categorical survival until 
weaning trait of Nellore calves by using alternative models in single-trait analyses and their correlations with a 
continuous trait in two-trait analyses.  

2. Method 
The approval of the Ethics Committee on Animal Use was not necessary in this study because the data were 
obtained from an existing database.  

2.1 Animals and Data File 

The Nellore cattle data were provided by the Genetic Improvement Program of CFM Ltda and collected in six 
herds. The animals were kept in high quality pastures (40% Brachiaria, Panicum maximum 50%, and 10% other 
forage) and received salt and mineral supplement until 18 months old. The breeding season, with duration of 90 
days for heifers and 60 days for cows, was concentrate from October to January, depending on the beginning of 
the rainy season. Calves remained with their dams in high quality pastures until about 7 months old, when they 
were weaned. 

Two traits were analyzed in this study: preweaning calf survival (SW) and weaning weight (WW, kg). Values of 
1 were assigned for animals that survived until weaning, and 2 for otherwise. Only data from animals with 
known parents, with known age of the dam at birth, and animals born between the years 2000 and 2012 were 
considered. Animals conceived by embryo transfer were excluded. Outliers for age at first calving, WW and YW 
were detected (µ < 3σ or µ > 3σ) and eliminated. After discarding records with incomplete and inconsistent data, 
a description of the traits evaluated in this study is shown in Table 1. Observations recorded between 140 and 
270 days of the calf's age were considered as weaning records. 

 
Table 1. Description of data for preweaning calf survival (SW) and weaning weight (WW, kg) traits evaluated in 
Nellore cattle and for contemporary group at birth (CG_B) 

 SW WW CG_B 

N 25,218 25,218 457 

Mean 1.05 176.15 55 

Standard deviation 0.21 59.19 - 

Minimum 1.00 0.00 6 

Maximum 2.00 272.00 1249 

 

The contemporary groups at birth (CG_B) was formed by animals born in the same herd, year and season, reared 
at the same management group at birth and of the same sex. Contemporary groups with progenies of only two 
bulls and with less than five animals were discarded. It was also discarded CG_B with only one phenotypic class. 
A description of the CG after its consolidation is listed in Table 1. 

2.2 Genetic Analyses 

Estimates of variance components were obtained from different mixed models regarding their genetic structure, 
estimation method and the assumed distribution of the data (Table 2). 
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Table 2. Definition of the different models used for genetic analyses of preweaning survival (SW) and weaning 
weight (WW) in Nellore cattle 

Model Genetic Struture Estimation Method Data Distribution Software 

One-trait analysis 

SHL Sire Model (S) IIIH (H) Linear (L) SAS 

SRL Sire Model (S) REML (R) Linear (L) ASREML 

ARL Animal Model (A) REML (R) Linear (L) ASREML 

ABL Animal Model (A) GIBBS (B) Linear (L) GIBBS3F90 

ABT Animal Model (A) GIBBS (B) Threshold (T) THRGIBBS3F90 

AGTLo Animal Model (A) GLMM (G) Threshold-Logit (TLo) ASREML 

AGTPr Animal Model (A) GLMM (G) Threshold -Probit (TPr) ASREML 

Two-trait analysis 

ARLL Animal Model (A) REML (R) Linear-Linear (LL) ASREML 

ABLL Animal Model (A) GIBBS (B) Linear-Linear (LL) GIBBS3F90 

ABLT Animal Model (A) GIBBS (B) Linear- Threshold (LC) THRGIBBS3F90 

Note. IIIH: Method III of Henderson; REML: Restricted Estimated Maximum Likelihood; GLMM: Generalized 
Linear Mixed Models; GIBBS: Gibbs sampling (Bayesian Inference). 

 

2.2.1 Genetic Structure: Sire Model vs. Animal Model 

The animal model considered for the categorical and continuous traits in the genetic analyses under the classic 
linear model methodology followed the generic mathematical model: 

y = Xβ + Z1a + Z2m + Z3c + Z4d + e                        (1) 
Where, y is the vector of response variables; β is the vector of fixed effects, including covariates; a is the vector 
of the random genetic additive direct effects; m is the vector of random genetic additive maternal effects; c is the 
vector of random effects of maternal permanent environment; d is the vector of random effects of contemporary 
group at birth; and e is the vector of random residual effects inherent to each observation; X, Z1, Z2, Z3 and Z4 
represent the incidence matrices for fixed and random effects, associating respectively the elements of β, a, m, c 
and d to the response variable. 

The assumptions for the model were: E[y] = Xβ; E[a] = 0; E [m] = 0; E[c] = 0; E [d] = 0; E[e] = 0; and 

V      =                                                      (1) 

Where, A is the matrix of genetic covariances among animals; I is the identity matrix; σa
2 is the genetic additive 

direct variance; σm
2  is the genetic additive maternal variance; σc

2 is the variance due to maternal permanent 
environmental effect; σd

2
 is the variance due to the management group effect at birth (CG_B); and σe

2
 is the 

residual variance. The covariances among all the effects were assumed to be zero, except the covariance between 
direct and maternal genetic effects. 

In the sire model used to analyze SW and WW traits, the animal direct effect was replaced by the direct effect of 
the sire; and the maternal genetic effects, maternal permanent environment as well as the covariance between the 
direct and maternal genetic effects were disregarded. 

The 39 884 animals in relationship matrix structure are 25 218 progenies of 2 071 sires and 12 595 dams. It were 
verified parity orders from one up to seven for dams.  

2.2 Estimation Methods 

2.2.1 Method III of Henderson (Henderson, 1953) 

The solution of equations for sire and animal models can be a difficult task and some simple methods can be 
adopted, as the method proposed by Henderson in 1953. Classically, this method was widely used until the 80’s 
and does not use the relationship matrix to solve the mixed effects. Henderson’s Method III, also called method of 
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fitting constants, uses the reductions in the sums of squares of the complete model and of the submodels to estimate 
the variance components. Thus, the Henderson’s Method III consists in finding the estimators for the variance 
components, setting up a system of equations from the differences between the reductions in the full model and 
sub-models, equating them to their respective expectation. Method III can be used for any mixed model and 
produces unbiased estimates of the variance components. 

2.2.2 Method of Restricted Estimated Maximum Likelihood (REML) 

In REML (Patterson & Thompson, 1971), each observation is divided in two independent parts, the fixed and 
random effects, and the probability density function of the observations is given by the sum of the probability 
density functions of each part. The maximization of the portion from the probability density function associated to 
random effects in relation to the variance components eliminates the bias resulting of the loss of degrees of 
freedom in the estimation of fixed effects. The REML equations with balanced data are identical to ANOVA 
estimators that are non-biased and with minimum variance. The REML estimator considers the degrees of freedom 
involved in the estimation of fixed effects, and when REML is applied to unbalanced data, REML estimators can 
be biased (Searle, 1987). The REML estimators for each variance component are a function of estimates of the 
other components, and can only be found by iterative numerical methods. In this study, variance components 
obtained by REML methodology were obtained from analyses based on sire model and animal model by using 
AIREMLF90 (Misztal et al., 2015) and ASREML v4.1 (Gilmour et al., 2015) software. 

2.2.3 Method of Generalized Linear Mixed Models (GLMM, Nelder & Wedderburn, 1972) 

Generalized Linear Models are an extension of linear models and constitute a number of techniques commonly 
studied separately. These models involve a variable response, explanatory variables and a random sample of n 
observations. Systematic effects (fixed and random effects) are linearized by a function of the expected values (for 
example, Log, Probit and Logit functions), allowing to the fitted values to vary in the response amplitude. Variance 
components estimated by GLMM were obtained assuming a threshold distribution for the data and using 
ASREML program (Gilmour et al., 2015) with the link functions Probit and Logit. The residual variance for the 
Logit function was set at 3.289; and the residual variance in the Probit function was set at 1. 

2.2.4 Gibbs Sampling (Gianola & Foulley, 1983) 

Bayesian inference with Gibbs sampling approach has been used to estimate genetic parameters for categorical 
data on sire and maternal grandfather-sire models. Some difficulties can be verified in obtaining Gibbs chain 
convergence in animal models because the algorithm used is characterized as an iterative process (Faria et al., 
2008). Nevertheless, Bayesian inference is recommended to obtain genetic correlations between categorical 
(survival and visual scores) and continuous traits (weights) through multi-trait analysis (Everling et al., 2014). In 
this study, the Bayesian approach was performed using the GIBBS3F90 program (Misztal et al., 2015) (assuming 
linear distribution of data) and THRIGIBBS3F90 program (Misztal et al., 2015) program (assuming threshold 
distribution of data). A total of 1 000 000 iterations were performed, with sampling interval every 10 interactions 
and burn in of 10 000 iterations. Analyses of subsequent estimates were performed using the POSTGIBBS3F90 
program (Misztal et al., 2015). 

The analyses models and their effects (fixed and random) proposed for each trait are described in Table 3. 

 

Table 3. Description of the analytical models used for genetic analyses of preweaning survival (SW) and weaning 
weight (WW) in Nellore cattle 

Trait ANI MAT MPE CG_B MAP 

SW R R R F F 

WW R R R F F 

Note. ANI = genetic additive direct effect; MAT = genetic additive maternal effect; MPE = maternal permanent 
environment; CG_B = contemporary group at birth; MAP = mother's age at calving (linear and quadratic effects 
covariates). R = random effect; F = fixed effect. 

 

2.3 Heritability Coefficient Estimates 

Two estimates of heritability were calculated for SW and WW traits in animal model analyses by using 
Equations (3) and (4): 
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                     (3) 

             
 
(4) 

Where, ha
2 is the narrow sense heritability and ht

2 is the total heritability in the narrow sense, adjusted for 
maternal genetic effect (σm

2 ) and the existing covariance between direct and maternal genetic effects (σa,m) 
verified for the trait. In addition, σa

2 is the additive variance, σmpe
2  is the variance of the maternal permanent 

effects, and σe
2 is the residual variance.  

In sire model analyses, the heritabilities for SW and WW traits were obtained from the Equation (5): 

(5) 

Where, ha
2 is the narrow sense heritability, σs

2	is the sire variance and σe
2 is the residual variance.  

2.4 Genetic Correlation Estimates 

Genetic correlations between SW and WW traits estimated in animal model and two-trait analyses were 
performed for ARL, ABL and ABT models to compare the Bayesian inference and REML estimation methods 
and the linear and threshold data distribution. Estimates of additive genetic correlations (ra) were obtained from 
the Equation (6):  

(6) 

Where, σa(sw,ww) is the covariance between additive direct effects of SW and WW, σa(sw)
2  is the SW additive 

variance and σa(ww)
2  is the WW additive variance. 

3. Results and Discussion 
A death rate of 4.6% was determined for the preweaning period. The frequency of mortality was 1.65%, 0.92%, 
0.78%, 0.55% and 0.28% from the first to the fifth month, respectively. Approximately 36% of the 1 161 deaths 
occurred until the first month, 56% until the second month, and 73%, 85% and 91% until the third, fourth and 
fifth month, respectively. This rate of survival from birth to weaning was lower than those observed for the 
progenies (n = 1 142) of Nellore × Hereford (98.9%), Gir × Hereford and Angus × Hereford (96.8%) cows in the 
study of Riley et al. (2001a), but higher than the rates obtained for calves of crossbred Gray Brahman (92.3%), 
Indu-Brazil (87.1%) and Red Brahman (93.0%) cows in the same study. Lower calving survival rates were also 
found by Guerra, Franke, and Blouin (2006), with values between 88 and 93% obtained from calves (n = 5 015) 
of a crossbreeding study involving Angus, Brahman, Charolais, Hereford, Gelbvieh and Simmental breeds. More 
recently, Casas, Thallman, and Cundiff (2011) reported a calving survival rate equal to 95.8% for progenies (n = 
2 395) of crosses among Hereford, Angus and MARC III dams and Hereford, Brahman, Boran, Tuli and Belgian 
Blue sires. Recently, a death rate of 3% was verified for Nellore calves in similar conditions of management and 
breeding in Brazil (Silva et al., 2016). 

The generally lower calf mortality in Nellore and crossbred Nellore populations, especially in comparison to 
other Bos indicus breeds (such as Indu-Brazil; Riley et al., 2001a), can be due to the udder characteristics of 
Nellore cows (Riley et al., 2001b). According to Riley et al. (2001b), the smaller teats size and stronger udder 
attachment of Nellore crossbred than Indu-Brazil and Red Brahman crossbreds cows make the nursery easier. 
Also, inadequate vigor at birth (and consequent calf mortality) was observed in calves of cows with large udders 
and distended teats, although no cause-effect relationship between those was establish (Riley et al., 2004).  

In addition, Nellore populations have low incidence of dystocia, which is the main cause of neonatal mortality 
(Azzam et al., 1993). Herein, only 4% of the deaths occurred in the first day of life, with a perinatal survival of 
99.8%. The highest incidence of calf mortality was verified at the third week of life (n = 100 deaths, Figure 1). 
Silva et al. (2016) agree that most deaths occurre in the first 30 days of life and that calf weak-ness was the most 
frequent cause of death, followed by diarrhea and navel inflammation. 
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Table 4. Variance components and heritability for preweaning calf survival trait (SW) in a Nellore cattle 
population, estimated through different methodologies in one-trait analysis 

Model1 σs
2 σa

2 σm
2  σa,m σmpe

2  σe
2 ha

2 ht
2 

SHL 0.0016 - - - - 0.0421 0.1550 - 

SRL 0.0005 - - - - 0.0432 0.0487 (0.0119) - 

ARL - 0.0022 0.0005 -0.0010 0.12E-7 0.0421 0.0517 (0.0124) 0.0218 (0.0075) 

ABL - 0.0024 0.0007 -0.0012 0.0003 0.0417 0.0536 (0.0122) 0.0206 (0.0069) 

ABT - 0.2861 0.0822 -0.1509 0.0589 1.0047 0.1976 (0.0201) 0.0781 (0.0379) 

AGTLo - 0.0742 0.0358 -0.0026 0.1386 3.289 0.0206 (0.0232) 0.0246 (0.0291) 

AGTPr - 0.0651 0.0023 -0.0003 0.0021 1.00 0.0609 (0.0226) 0.0615 (0.0291) 

Note. σa
2: animal variance; σm

2 : maternal genetic effect; σa,m: covariance between direct and maternal genetic 
effects; σmpe

2 : variance of the maternal permanent effects; σe
2  is the residual variance; ha

2: narrow sense 
heritability; ht

2: total heritability. 1 Models composition: (S) sire model, (A) animal model, (H) Method III of 
Henderson, (R) Restricted Estimated Maximum Likelihood, (B) Gibbs sampling (Bayesian Inference), (G) 
Generalized Linear Mixed Models, (L) Linear data distribution, (T) Threshold data distribution, (TLo) 
Threshold-Logit data distribution, (TPr) Threshold-Probit data distribution. 

 

The inclusion of the additive relationship matrix among animals in the SRL model probably contributed to the 
lower sire variance, and consequently with the lower heritability for SW, in comparison to the estimates obtained 
with SHL model, also based on a sire model. The heritability obtained through SRL model was similar to the 
estimates obtained in the other models, indicating that the inclusion of the additive relationship matrix can 
improve the isolation of the genetic effects associated with the SW trait with a consequent increase in the 
reliability of their estimates. Smith et al. (1991), comparing methods of estimation of variance components for 
embryonic death, found that the likelihood procedures (including REML) have greater efficiency than Method 
III of Henderson for the estimation of variance components and genetic parameters from unbalanced data. The 
REML under an animal model is especially recommended for the estimation of variance components for low 
heritability traits, as is the case of SW trait (Carneiro Jr. et al., 2004).  

The SRL and ARL models, which adopted REML method for the estimation of variance components (Table 4), 
provided similar estimates of heritability, indicating that the genetic gain obtained with the selection of sires or 
of the calf itself would be also similar.  

A higher difference in heritability estimates were found between ABL and ABT models. Both are based on 
Bayesian methodology for estimation of variance components, but assumed different data distribution (linear or 
categorical). According to Van Tassel et al. (1998), Bayesian posterior distributions that are symmetric and 
similar to a normal distribution, as observed in Figure 3, indicate Gibbs chain convergence and appropriate 
estimation of variance components for the evaluated traits (in this case, SW). The analysis of SW considering a 
threshold distribution of phenotypes in a Bayesian approach (ABT model, Table 4) resulted in higher estimates 
of variance components and, consequently, in a higher heritability of SW, indicating that such a strategy, in 
comparison to the other methods, could result in a better identification and selection of genetically superior 
animals due to the higher heritability verified. This result agreed with the results obtained by Van Tassel et al. 
(1998). However, the heritability obtained in ABT model (Table 4) can be considered overstated and incorrect 
when compared to the values estimated through the other analytical models. In the studies of Van Tassel et al. 
(1998), Cole et al. (2007), and Forutan, Mahyari, and Sargolzaei (2015) which also involved threshold models, 
the frequency of each categorical class was higher than in the present study (4.6% of mortality versus 95.4% of 
survival). Thus, the overestimation of the variance components by using the ABT model can be due to the low 
frequency of some SW phenotypes. 
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Table 5. Variance components and heritability for preweaning survival (SW) and weaning weight (WW) of 
Nellore cattle, estimated by different methodologies in two-trait analyses 

Model1 Trait σa
2 σm

2  σa,m σmpe
2  σe

2 ha
2 ht

2 ra 

ARL          

 SW 0.0015 0.1E-9 -0.0003 0.0009 0.0419 0.0339 0.0239 -0.8873 

 WW 276.42 92.704 -103.00 86.794 185.59 0.4309 0.3125  

ABL          

 SW 0.0021 0.0004 -0.0008 0.0001 0.0420 0.0466 (0.0095) 0.0249 (0.0055) -0.6808 (0.1105)

 WW 276.7 105.46 -113.33 85.13 214.7 0.4071 (0.0487) 0.2822 (0.0480)  

ABT          

 SW 1.8362 0.8504 -1.2431 0.0156 0.9853 0.2644 (0.1872) 0.0830 (0.0747) -0.3265 (0.2486)

 WW 246.3 90.42 -86.40 85.34 226.33 0.3760 (0.0680) 0.2869 (0.0613)  

Note. σa
2: animal variance; σm

2 : maternal genetic effect; σa,m: covariance between direct and maternal genetic 
effects; σmpe

2 : variance of the maternal permanent effects; σe
2  is the residual variance; ha

2: narrow sense 
heritability; ht

2: total heritability; ra: genetic correlation. 1 Models composition: (A) animal model, (R) Restricted 
Estimated Maximum Likelihood, (B) Gibbs sampling (Bayesian Inference), (L) Linear data distribution, (T) 
Threshold data distribution. 

 

The animals in this study who survived until weaning had an average of 176.15 (59.19) kg body live weight and 
age at weaning of 195.26 (54.05) days. Higher weights at weaning were reported by Ribeiro et al. (2015) that 
found Nellore animals with an average weight weaning of 188.10 kg, and by Pedrosa et al. (2014), who found an 
average weight of 190.09 kg for calves of the same breed. 

Genetic analysis of weaning weight, regardless of the model seen in Table 5, resulted in estimated components 
(co) variance and genetic parameters higher than those reported in the literature. Evaluating Pooled Nellore in 
the northeast of Brazil, Amaral et al. (2014) estimated heritability of 0.19 for weight adjusted to 205 days in 
single trait analysis. Araújo et al. (2014) reported estimates of 0.36 for weight at 210 days in Nellore cattle. 

As reported by Ribeiro et al. (2001) and Araujo et al. (2014), moderate to high heritability estimates for weaning 
weight and low maternal heritability for weaning weight indicate less reliance on descendants to get higher 
weights due to the contribution of their mothers, which shows that the most significant part of total variability is 
due to genetic additive action. This explains partially the low covariance, and further, the negative covariance 
between direct and maternal genetic effects (σa,m) recorded with different adjusted models (Tables 4 and 5). The 
different estimates reported in the literature also reflect the genetic diversity found in different regions of Brazil, 
since differences in allele frequencies result in changes in additive genetic variance and consequently on the 
estimates of heritability (Boligon et al., 2010). 

The negative genetic correlation between the observed SW and WW traits (Table 5) indicates antagonism 
between them. However, this antagonism is favorable because it indicates that the same genes that act favorably 
to the increase in weaning weight of calves also contribute to a reduction in the phenotype for the SW trait, 
which in this study was classified as 1 (live calves until weaning ) and 2 (dead calves). Therefore, calves with 
superior genotypes for higher weights at weaning tend to have more chances of survive until stage of weaning. 

The comparison between different estimation method in single or two-trait analysis models allow the conclusion 
that the most appropriate model for the analysis of calf survival until weaning was the model consists of the 
Bayesian estimation method, in animal model and assuming linear distribution for phenotypes subject to the 
single trait analysis. Negative genetic correlation between SW and WW traits was observed indicating that the 
same genes that act favorably to the increase in weaning weight of calves also contribute to a reduction for 
preweaning mortality. 
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