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Abstract

We used Gibbs sampling in single and two-trait animal models to estimate genetic parameters for some reproductive
and related traits of Nellore cattle (Bos indicus). Female traits were age at first calving (AFC), cumulative productivity
(CP) and adult weight (AW). For males, scrotal circumferences at 365 and 450 days of age were analyzed. Gibbs
sampling using the ‘Multiple Trait using Gibbs Sampling under Animal Model’ (MTGSAM) program of Van Tassel and
Van Vleck was used to estimate the (co)variance components of the traits and conduct genetic analyses.
Heritabilities were AFC = 0.26, AW = 0.36 and CP = 0.25 under the single-trait animal model. The mean, mode and
median estimates for genetic parameters obtained from the marginal posterior distributions were similar for all traits
except AW, which presented lower values for the mode than the mean and median. However, the marginal posterior
distributions for the traits studied presented a tendency toward normality. Favorable, but low, negative genetic corre-
lations were found between male scrotal circumference and female age at first calving. The reproductive traits
showed medium-magnitude heritabilities, which indicates that these traits should respond to selection and therefore
should be included in genetic improvement programs.
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Introduction

The Brazilian cattle population consists of 192 mil-

lion head, of which approximately 80% are Bos indicus

(Zebu) in their genetic composition. However, despite its

large size, the Brazilian beef industry is notable for its low

productivity and elucidating the factors influencing the per-

formance of Zebu cattle, especially the genetic and envi-

ronmental components of reproduction, is indispensable

for improving domestic beef cattle productivity. The

Nellore breed makes up more than 70% of the Zebu cattle in

Brazil and thus plays a fundamental role in the total popula-

tion productivity of the Brazilian heard, because of which

Nellore cattle must be given the most attention where re-

productive efficiency of Brazilian beef cattle is concerned.

As pointed out by Pereira et al. (2002), reproduction

is an essential component for the profitable economic per-

formance of any production system. However, the method-

ology for analysis of reproductive traits measured directly

in the female has been little explored in practical terms due

to both the low heritability of these traits and lack of infor-

mation or inadequate data. This reflects the greater empha-

sis given by genetic improvement programs to growth

traits, since reproductive traits have been considered of low

heritability and not very responsive to selection. However,

it is now known that heritability of reproductive efficiency

is much higher than has been commonly quantified, espe-

cially in tropical countries (Pereira et al., 1991). However,

for genetic selection to be effective it is essential to under-

stand the biological behavior of reproductive traits, espe-

cially the real genetic and environmental contributions to

the phenotype of these traits and the magnitude of the re-

sponse to selection.
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Bayesian methods have recently emerged as an op-

tion for solving problems related to the evaluation of ge-

netic merit in animal populations. Markov Chain Monte

Carlo (MCMC) methods, including Gibbs Sampling may

be used as a tool for Bayesian inference. Gibbs sampling is

a stochastic integration procedure used to estimate joint and

marginal distributions of all parameters in a model from

their full conditional posterior distributions. This method

has been suggested for use in animal breeding, particularly

when data does not fit a normal distribution (Jensen et al.,

1994; Sorensen et al., 1994; Wang et al., 1994; Van Tassel

and Van Vleck, 1996; Magnabosco et al., 2000; Chang et

al., 2001). During the study described in this paper we ap-

plied the Gibbs sampling and two-trait animal models to es-

timate the covariance components and genetic parameters

for some Nelore cattle reproductive and related traits as

well as the genetic correlations between scrotal circumfer-

ence at 365 and 450 days of age and the age of related fe-

males at first calving.

Materials and Methods

We obtained information in the form of records on

69,025 Nellore cattle from the Nellore Breed Genetic Im-

provement Program (Programa de Melhoramento Genético

da Raça Nelore PMGRN), see www.ancp.org.br, adminis-

tered by Associação Nacional de Criadores e Pesquisadores

(ANCP), Ribeirão Preto-SP, Brazil. The records in in-

cluded information on the relationship between animals.

All the cattle had been raised on pasture across diverse Bra-

zilian regions, where the predominant climate ranges from

subtropical hot humid to tropical hot humid, with two dis-

tinct seasons, one dry and the other rainy.

The female traits analyzed were age at first calving

(16,347 records), adult weight (5,934 records) and cumula-

tive productivity (7,681 records) while the male traits were

scrotal circumference at 365 days (6,911 records) and 450

days (8,266 records), all of which are defined below. The

contemporary groups for age at first calving and cumula-

tive productivity consisted of herd, year and season, while

for adult weight the contemporary group was formed by an-

imals born on the same farm during the same year and sea-

son and weighed in the same year and season, considering a

rainy season (October to March, spring and summer in the

Southern Hemisphere) and a dry season (April to Septem-

ber, autumn and winter). For each animal, we defined adult

weight as the first weight measured in the age of four the

twelve years. Age-of-dam effects were grouped into six

classes, i.e. 3, 4, 5, 6, 7 to 10 and 11 years of age at calving.

Preliminary analyses using the GLM (Generalized Linear

Model) procedure of the Statistical Analysis Software ver-

sion 8.1 (Anon, 1996) showed that the age-of-dam effect

was not significant in relation to age at first calving, be-

cause of which the age-of-dam effect was not considered as

a fixed effect for age at first calving. For scrotal circumfer-

ence traits, the contemporary groups consisted of animals

born on the same farm during the same year and season.

Cumulative productivity (CP) was calculated using

the expression cited by Schwengber et al. (2001):

CP
W n c

DAC C
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=
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−

where W is the mean calf weight at weaning, np is the total

number of weaned calves produced, Ca is a constant equal

to 365 days which makes it possible to express fertility on

an annual basis, DACn is the age of the dam at last calving

and Ci is a constant equal to 550 days (approximately 18

months). The Ca and Ci constants are used because a goal of

the PMGRN is that first calving occurs when a dam is about

30 months old.

The analyses were conducted by fitting single and

two-trait animal models. In matrix notation the general

mixed linear model was:

y = Xβ + Zu + e

where β is the fixed effects vector associated with the ob-

servation (records) vector y by the known matrix X and u is

the random effects vector (additive genetic animal effects

only in this study) associated with records in y by the inci-

dence matrix Z and e is the residuals vector. From these def-

initions, it is considered that:

E X[ ]γ β= and var[ ]γ = ′ +Z Z RΣ

with Σ = =var( )u A aσ2 and R I e= σ2 in the single-trait model,

where σa

2 is the additive genetic variance and σe

2 the resid-

ual variance, A is the numerator relationship matrix among

animals and I is the appropriate identity matrix. In the

two-trait model, Σ = ⊗G A and R I R= ⊗ + where G is addi-

tive genetic effects matrix for the two-traits and R+ is resid-

uals matrix for the traits measured for each animal.

Bayesian inference was applied using the ‘Multiple

Trait using Gibbs Sampling under Animal Model’

(MTGSAM) program developed by Van Tassel and Van

Vleck (1996). Bayesian analyses make it possible to esti-

mate the posterior marginal densities of the genetic param-

eters, and from these densities to calculate the errors in the

estimates of the parameters, making them more informative

(Gianola et al., 1994). Gibbs Sampling produced 1,800

samples of (co)variance components and genetic parame-

ters and was implemented using a long chain scheme (Jen-

sen et al., 1994; Sewalem and Johansson, 2000), a 200,000

cycle sampler chain, a 20,000 cycle burn-in and a 100 cycle

thinning interval in which one sample was collected from

every 100 samples to avoid possible correlation between

consecutive samples. The Gibbsit program (Raftery and

Lewis, 1994) was used to evaluate burn-in for all (co)vari-

ance components and also to calculate the thinning interval

to determine the frequency of retaining sampled values so

that those samples were uncorrelated for each parameter.
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The initial values used reflected no previous knowledge of

the parameters.

Results and Discussion

The number of records analyzed, mean values, coeffi-

cients of variation, and minimum and maximum values for

each of the reproductive traits measured are shown in Table

1. These values are in general agreement with those re-

ported in the literature for Nellore cattle. We found that the

observed mean age at first calving was 36.22 months, indi-

cating the need to work intensively with sexual precocity to

identify superior genotypes for this trait and attain more

rapid genetic progress. Considering that reproductive and

nutritional management significantly influence the age at

first calving, Bergmann et al. (1998) and Lôbo (1998) re-

ported that correct management measures can reduce that

age to as little as 24 months. One of the procedures recom-

mended by the PMGRN is that females should be exposed

to males starting at 12 to 14 months of age, to allow identifi-

cation of the most precocious females. In our study, cumu-

lative productivity showed an average of 134 kg year-1 of

age beyond 18 months, consistent with the values reported

in the literature (Rosa et al., 2001; Schwengber et al.,

2001). However, it is important to point out that this mean

is below the mean weaning weight (191 kg) for cattle

participating in the PMGRN, possibly due to the fact that

cumulative productivity contains the calving interval, often

greater than 365 days, in its denominator. This is reflected

in a reduction of the mean weights of weaned calves per

year.

Our heritability estimates were 0.26 for age at first

calving, 0.36 for adult weight and 0.25 for cumulative pro-

ductivity (Table 2). Recent studies have also reported mid-

dle to high magnitude heritabilities for these traits in

Nellore cattle (Koots et al., 1994; Mercadante et al., 2000;

Pereira et al., 2000; Pereira et al., 2002; Dias et al., 2004).

Published estimates of age at first calving heritability for

Nellore cattle vary from 0.02 (Gressler et al., 2000) to 0.46

(Pereira et al., 1991) and taken together with our results

suggest that age at first calving presents medium

heritability and is thus recommended as a selection crite-

rion for sexual precocity. However, nutritional and repro-

ductive management must also be adequate to obtain

satisfactory responses. Our adult weight heritability esti-

mate of 0.36 was similar to the values obtained by Pereira et

al. (1991), and confirms the well known genetic component

for adult weight which needs to be included in genetic im-

provement programs. This high heritability presents an op-
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Table 2 - Descriptive statistics of variance components and heritabilities for age at first calving, adult weight and cumulative productivity obtained from

single-trait analyses by Gibbs Sampling.

Trait and parameter Mean Mode Median Sample variance (σ2
k) Standard deviation Confidence interval (95%)

Age at first calving

Additive genetic variance (σ2
a) 1.85 1.90 1.85 0.0264 0.16 1.53 to 2.17

Residual variance (σ2
e) 5.29 5.25 5.29 0.0188 0.14 5.01 to 5.57

Heritability (h2) 0.26 0.26 0.26 0.0004 0.02 0.22 to 0.30

Adult weight

Additive genetic variance (σ2
a) 795.2 768.9 793.2 6430.5 80.2 634.9 to 955.6

Residual variance (σ2
e) 1420.5 1418.5 1420.6 4597.7 67.8 1284.9 to 1556.1

Heritability (h2) 0.36 0.36 0.36 0.0010 0.03 0.30 to 0.42

Cumulative productivity

Additive genetic variance (σ2
a) 105.4 105.5 105.2 175.8 13.3 78.9 to 131.9

Residual variance (σ2
e) 318.0 318.0 318.0 123.2 11.1 295.8 to 340.2

Heritability (h2) 0.25 0.25 0.25 0.0008 0.03 0.19 to 0.31

Table 1 - Descriptive statistics for all variables included in the analyses.

Trait Number of cattle

(n)

Mean trait value Coefficient of

variation (%)

Minimum trait

value

Maximum trait

value

Age at first calving (months) 16,347 36.22 9.44 23.00 44.00

Adult weight (kg) 5,934 450.00 13.13 300.00 600.00

Cumulative calf productivity (kg year-1) 7,681 134.00 21.18 80.02 224.43

Scrotal circumference at 365 days (cm) 6,911 19.37 10.72 11.10 29.00

Scrotal circumference at 450 days (cm) 8,266 22.53 12.01 11.40 32.50



portunity to reduce (or increase) the adult size of females by

applying selective pressure on herds as necessary. Our esti-

mated cumulative productivity heritability value of 0.25

shows that although this trait is expressed in kilograms of

weaned calves per year it is a reproductive trait with lower

heritability than production traits such as weaning weight

(Schwengber et al., 2001). This is explained by the fact that

cumulative productivity is a compound index that includes

the calving interval, which is under great environmental in-

fluence.

The posterior variances, standard deviations and

credibility intervals along with the means, modes and medi-

ans of the variance components and heritabilities for the

single-trait models of the female traits are shown in Table 2.

The means, modes, and medians for the reproductive trait

variance components appear similar to each other. For the

heritability values, the various measures of central ten-

dency had were identical, indicating that these posterior

marginal distributions tended to symmetry (Figure 1).

Two-trait analyses with age at first calving and scrotal

circumference at either 365 or 450 days of age were also

carried out. The (co)variance component and genetic pa-

rameter estimates obtained are presented in Table 3. The

age at first calving heritability coefficient was greater in

two-trait than in single-trait analyses. With the use of two-

trait analyses, estimates of additive genetic covariances, re-

sidual covariances (when it exists) and correlation between

traits can be obtained, which is not possible with single-trait

analyses. For the two-trait analyses, the posterior means,

modes and medians of the (co)variance components were

similar and the genetic parameters were practically identi-

cal, as can be seen from the posterior marginal distributions

presented in Figure 2.

The genetic correlations between scrotal circumfer-

ence at 365 and 450 days of age and age at first calving were

both identical (-0.19). These results are consistent with

those previously reported for Nellore cattle (Gressler et al.,

2000; Mercadante et al., 2000; Pereira et al., 2000). This in-
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Figure 1 - Posterior density distributions of additive genetic variance (σ2
a), residual variance (σ2

e) and heritability (h2
d) for age at first calving (upper),

adult weight (central) and cumulative productivity (lower) by single-trait analyses.



dicates that age at first calving may be used as a selection

criterion for sexual precocity and that the selection of bulls

for scrotal circumference can result in daughters with a de-

creased age at first calving.

Our data allowed several conclusions to be drawn.

Reproductive traits presented heritabilities of medium

magnitude and medium-high genetic variance, which indi-

cates that they may be improved by genetic selection and
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Table 3 - Descriptive statistics for variance components and genetic parameters for age at first calving (AFC) and scrotal circumference at 365 (SC365)

and 450 (SC450) days based on two-trait analyses using Gibbs Sampling.

Variance components† Genetic parameters‡

Traits σa1

2 σa12
σa2

2 σe1

2 σe2

2 h1

2 h2

2 rg12

SC3651 and AFC2

Mean 2.06 -0.50 3.43 1.02 4.96 0.67 0.41 -0.19

Mode 2.09 -0.52 3.42 1.06 5.00 0.67 0.41 -0.19

Median 2.05 -0.51 3.43 1.02 4.97 0.67 0.41 -0.19

Sample variance (σk

2) 0.034 0.028 0.106 0.016 0.057 0.0022 0.0011 0.0038

Standard deviation 0.18 0.17 0.32 0.13 0.24 0.05 0.03 0.06

SC4501 and AFC2

Mean 3.42 -0.65 3.36 2.13 5.03 0.61 0.40 -0.19

Mode 3.40 -0.71 3.31 2.12 5.00 0.62 0.40 -0.20

Median 3.42 -0.66 3.35 2.13 5.03 0.61 0.40 -0.19

Sample variance (σk

2) 0.074 0.045 0.098 0.036 0.052 0.0015 0.0010 0.0039

Standard deviation 0.27 0.21 0.31 0.19 0.23 0.04 0.03 0.06

†σa1

2 = additive genetic variance of trait 1;σa12
= additive genetic covariance between traits 1 and 2;σa2

2 = additive genetic variance of trait 2;σe1

2 = residual

variance of trait 1; and σe2

2 = residual variance of trait 2.
‡
h1

2 = heritability of trait 1; h2

2 = heritability of trait 2; and rg12
= genetic correlation between traits 1 and 2.

Figure 2 - Posterior densities estimates of genetic parameters for scrotal circumference at 365 days of age (1) and (2) age at first calving (upper) and

scrotal circumference at 450 days of age (1) and (2) age at first calving (lower) from two-trait analyses using Gibbs sampling.



should be included in genetic improvement programs.

Multi-trait analyses should be utilized in the estimation of

(co)variance components and genetic parameters because

they enable the estimation of correlations between traits

thus increasing the accuracy of genetic prediction. In this

study, two-trait analyses presented advantages in compari-

son with single-trait analyses, possibly due to the scrotal

circumference measurements improving the accuracy of

prediction of the genetic merit of the age at first calving

trait. The low genetic correlations obtained in this study in-

dicate that there is little possibility in improving female

reproductive traits by selection for male scrotal circumfer-

ence. However, these results should not be generalized be-

cause the size and structure of the database analyzed may

have been insufficient to obtain absolutely trustworthy esti-

mates of the parameters.
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