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INTRODUCTION
In the traditional beef cattle breeding programs, genetic evaluations are based on live weights
at standard ages (e.g. weaning, yearling and final weight). In Brazil, some zebu evaluations
adopt the fixed ages of some American associations (205, 365 and 550 days of age) as long as
the Brazilian Agricultural Research Corporation (Embrapa) adjusts the weights for 120, 240
and 420 days of age.
Multitrait analyses can be employed to get information about linear relationship between each
pair of weights at standard ages. However, no inference can be made about intermediate ages.
Furthermore, to have a well-detailed growth analysis by including many traits (i.e. ages) can
lead to over parameterized models.
Covariance Function (CF) is equivalent to covariance matrix estimated by multivariate
analyses of a data set composed by all ages of the period (Kirkpatrick et al., 1994). However,
simple continuous function can satisfactorily represent all the covariance of the period. Then,
the objective of the present study was to evaluate the growth of young zebu cattle by genetic
parameters of standard ages and CF.

MATERIAL AND METHODS
Data. Data were supplied by the Brazilian Zebu Cattle Breeders Association (ABCZ) and
included live weights of Tabapuã beef cattle born from 1975 to 1997 and raised under
Brazilian pasture conditions. The data files had 41 368, 40 303, 38 845, 35 126, 28 239, 25 535
and 17 944 observations respectively for birth weight (BW), adjusted weights at 120 (W120),
205 (W205), 240 (W240), 365 (W365), 420 (W420) and 550 (W550) days of age.

REML analyses for fixed ages. REML estimates of additive genetic and residual variances
and covariances were obtained by bi-trait analyses with the program REMLF90 (Misztal,
1999). The convergence criterion employed was 10-9. The models considered fixed effect of the
calving age, as linear and quadratic covariate, and contemporary group, composed by sex,
farm, season and year of birth.

CF analyses. Legendre polynomials were chosen as the continuous function of covariances
since they are normalized, orthogonal and because covariance function for growth is
biologically expected to be smooth rather than oscillatory (Kirkpatrick et al., 1990). The
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estimations of covariance functions were implemented by Matlab software according to the
least square methodology presented by Kirkpatrick et al. (1990). The field data were
considered to be close to data from half sib design with 800 families of 50 individuals, in a
similar way that was done by Van der Werf et al. (1998).

Goodness of fit tests. The chi-squared statistic, as proposed by Kirkpatrick et al. (1990), was
employed to test the null hypothesis for weighted residual sums of squares. Additionally, the
significance of a model with more parameters over a model with fewer parameters was tested
with the F-test proposed by Van der Werf et al. (1997).

RESULTS AND DISCUSSION
Weights at standard ages. Covariance estimates and averages of variance estimates of bi-trait
analyses were taken to compose the additive and residual covariance matrix (table 1). Residual
variance estimates increase as the animals get older. Additive genetic variance estimates show
increasing values from birth to 205 days of age, almost stabilized values from 205 to 420 days
of age and the greatest value at the end. Meyer et al. (1993) analyzed filed data of Pooled
Hereford and Wolkalup beef cattle, raised on pastures conditions, and observed similar
behaviour in the genetic variance estimates.

Table 1. Average of variances (diagonal) and covariances (off-diagonal) estimates of bi-
trait REML analyses

BW W120 W205 W240 W365 W420 W550
Additive genetic variances

4.0089 95.074 202.55 215.32 209.37 230.49 316.97
Residual variances

6.8819 121.22 229.60 275.86 365.10 394.52 565.08
Additive genetic (above diagonal) and residual (bellow diagonal) covariances

BW 8.3244 10.272 10.408 11.545 11.299 14.217
W120 3.6576 136.97 143.05 129.88 132.80 146.25
W205 3.5574 110.61 214.20 195.88 201.90 230.83
W240 3.3926 94.959 233.07 201.42 206.03 228.51
W365 3.6388 62.697 126.90 170.78 196.41 208.86
W420 4.5480 61.363 111.48 139.38 325.11 231.37
W550 2.7805 77.490 132.14 149.16 226.53 286.27

With values ranging from 0.35 to 0.47 the heritability estimates are well within the range of
previous literature estimates. The greatest values were found around the weaning period and the
smallest values were found in the edges. Selection of the animals that are maintained in the data
collecting system could help to explain the smallest heritability value found at 550 days of age.
Genetic correlations between birth weight and the other traits were relatively small with values
ranging from 0.36 (with W205 and W240) to 0.44 (with W550). High genetic correlations (> 0.80)
were observed between the ages posterior to the birth. As expected, the closer the ages were, the
higher were the correlations.
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Covariance functions. Table 2 shows that all null hypotheses for weighted residual sums of
squares were rejected by the chi-squared tests while some F values were not significant for the
inclusion of an additional parameter in the model. Van der Werf et al. (1998) observed
contradictory results between the two tests and commented that chi-squared test relies on
correct estimates for the sampling variances of the variance components. 

Table 2. F statistic, degrees of freedom (DF), sum of squares (SS) and mean squares
(MSR) of sampling errors of model (7) for covariance functions of order of fit (o)

Additive genetic covariances Residual covariances
o DF SS1 MS F(o, DF) SS1 MS F(o, DF)

1 2 201.8 7.475 3432.55* 127.13
2 2 179.6 7.186 3.09 2924.56* 116.98 4.34*
3 2 117.5 5.344 11.61* 2546.08* 115.73 3.27*
4 1 101.2 5.624 2.91 1818.41* 101.02 7.20*
5 1 85.1 6.546 2.46 1082.43* 83.2 8.84*
6 45.6 6.518 6.06* 504.67* 72.0 8.01*

1 Weighted residual sums of squares and results of chi-squared test.
* (P < 0,05) and ** (P < 0,01)

The studied interval included different growth phases, like nursing period, post-weaning stress
and compensatory gain, and can at least partially justify the needs for high order polynomials.
In general, CF using low order polynomials (o < 6) underestimated the covariance matrices. In
the other hand, high order polynomial (o > 5) presented unrealistic behaviour at the extreme
ages (figure 1).
In the peripheral parts of lactation curves, Jamrozik and Schaeffer (1997), Kettunen et al.
(1998), Van der Werf et al. (1998) and Strabel and Misztal (1999) observed that the trajectories
of some genetic parameters tended to be extremely high. Modelling problems and the use of
polynomials were considered as possible causes of the estimating problems.
The absence of maternal genetic random effect in the early ages and the relatively smaller
number of observations in the latter ages can help to justify the erratic behaviour of the
covariance trajectories in the present study. Meyer (1999) investigated similar estimating
problems by eliminating the records in the last ages and concluded that problems were also
dependent on the order of fit of the continuous functions.
Similar results were found in the residual CF analyses.

CONCLUSION
Results show that Brazilian Tabapuã cattle can be successfully selected for live weight at any
standard age and that the shape of growth curve can be modified by selection. 
Weaning stress, compensatory growth and selection of animals in the final period can cause
changes on covariance trajectories and the period fragmentation could allow the use of less
parameterized models.



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France

Session 02. Breeding ruminants for meat production Communication N° 02-24

0
100
200
300
400
500
600
700

0 50 100 150 200 250 300 350 400 450 500 550

Age (days)

o=7
o=6
o=3

Figure 1. Additive genetic variance estimated by covariance functions of order of fit o = 3, 6
and 7
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