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SUMMARY
Data on 8890 calves for 200 day weight and 5890 calves for 400 day weight for the
Simmental cattle obtained from the Meat and Livestock Commission in Britain were used to
estimate variance components and heritabilities. There were 2259 sires and 2720
head-year-season represented in the 200 day weight data. Corresponding figures for 400 day
weight were 1910 and 2116. Variance components and heritabilities were estimated usind
Restricted Maximum Likelihood fitting an animal model. Data were subdivided into 3
populations for computational convenience. Heritability estimates for both traits were about
0.31 in model fitting only additive genetic effects. Including direct maternal effect resulted
in a decrease o f 41 and 13 percent in heritability estimate for additive genetic effects in 200
and 400 days weight respectively. Materal effects accounted for 7 percent o f total variance
in 200 day weight and was not important in 400 days weight. Models fitting direct effects and
permanent environmental effects fitted better with similar estimates o f direct genetic variances
and permanent environmental variances accounting for 8 % o f variation in 2 0 0 day weight and
5% in 400 day weight. Fitting direct, maternal and permanent effects gave similar estimates
for direct and permanent variances with maternal variances close to zero. Estimates o f
genetic covariances between direct and maternal effects were close to zero.
INTRODUCTION
Mixed linear model techniques have found widespread usage in genetic evaluation o f
growth traits in beef cattle in many countries. At least 15 breeds o f beef cattle have developed
national genetic improvement programs based on the best linear unbiased predictor (BLUP)
procedures in the United States (Benyshek et al.1988). Genetic evaluation involving BLUP
require the knowledge o f unbiased estimates o f variance components or their ratios and
covariance components if more than one random effect is included in the model. In beef cattle
obtaining reliable estimates o f variance and covariance components is often hindered by
insufficient data size due to the small size o f herds. Moreover, in Britain, studies involving
estimation o f variance and covariance components on data collected on a national basis are
lacking.
In this study, genetic parameters are estimated for 200 and 400 day weight for the
Simmental breed o f cattle using national data. Several models are fitted to evaluate the
importance o f direct and maternal genetic and permanent environmental components in body
weight.
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MATERIALS AND METHODS
Body weight data used for this data were obtained from the pedigree recording scheme
o f the Meat and Livestock Commission (M LC) for the Simmental cattle breed. The data after
editing consisted o f 8897 calves recorded for 200 and 5890 calves for 400 day weight over
a period o f 10 years (1979-1988). Pedigree used for the analysis consisted o f 15437 and
11991 animals, and 2256 and 1910 sires for 200 and 400 day weights
respectively.
Prior to analysis, connectedness was checked. Over a third o f the sires were
found to be used in several herds and 8 6 percent o f the herds had more than one sire
represented. With the full model fitted (see below), the data set was too large fo a single
analysis, it was therefore subdivided into on the basis o f three populations. The means and
number o f calves represented are in Table 1 for each population. The year was grouped into
3 seasons o f 4 months each for the formation o f herd-year-season (hys) subgroups. About 560
herds were represented in the data and 2720 and 2116 hys subgroups respectively for 200 and
400 days weight.
Variance components were estimated using a single trait Restricted Maximum
Likelihood (REML) techniques fitting an animal model. The full model fitted, in matrix
notation, was;
y = X b + Z,a + Z^m + Z 3P + e
where
vector o f observations for 200 or 400 day weight,
t x 1 vectors o f fixed effects consisting o f hys, sex o f calf, birth
type (single or twin), age o f dam, date o f birth, age at which
200 or 400 weight are recorded
vectors for random additive genetic animal effect and maternal
effect respectively
vector for perment enviromental effect
vector for residual random error
incidence matrices relating fixed random effects to records and
V(a) = A o 2*, V(m )= A a \ „ V(p)=Io2P, and V (e)= l o ^

y
b

a,m
P
e
X ,Z,, Zj, and Zj

A simple model consisting o f only the direct animal effect was initially fitted. Other random
effects were subsequently added to the model to determine their relative importance.
Table 1.

Body weight means and population sizes.

population
1
2

3
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no o f records
2964
2965
2961

mean

200

302
298
299

wt (ke)

no o f records
1908
1985
1997

mean 400 wt (ke)
528
519
506

RESULTS AND DISCUSSION
Variance component estimates from some o f the various models fitted are presented
in Tables 2 and 3 for 200 and 400 day weights respectively. The heritability estimates (h2A)
from fitting additive genetic animal effect as the only random factor were similar for both
traits and moderate in value. For 200 day weight the heritability estimate is slightly higher
than the average value o f 0.26 reported by Woldehawariat et al (1977) for weaning weight.
However, for 400 day weight, it is lower than the value o f 0.46 for final yearling weight
reported by the same authors.
Including additive genetic maternal effects in the model,
resulted in a lower heritability o f 0.19 for 200 day weight; a decrease o f about 41 %. For
400 day weight, the decrease was only 13 %, indicating the more significant role o f maternal
effect on 200 day weight than 400 day weight as expected. The h2A for 200 weight with
genetic maternal effects included is similar to the estimate o f 0.16 reported by Bertrand et al.
(1987) for weaning weight in Limousin cattle but lower than the estimate o f 0.28 in Brangus
cattle. The heritability for genetic maternal variance (h2M) for 200 day weight was about half
o f the estimate for Limousin cattle. Quaas et al. (1985) however reported a h2M o f 0.08 for
American Simmental cattle similar to what is obtained in this study. For the Australian
Simmental cattle, h2M estimate for 200 day weight was 0.13 from the estimates o f variance
components presented by Graser et al. (1985). Except for the estimate o f Quaas et al. (1985),
the hm estimate for 200 day weight seems lower than most previous estimates. This may be
due to differences in breeds and differences in methods o f estimation. Most early studies
estimated h2M using comparisons o f expected compositions o f correlations or variations to
observed values from different types o f relatives. Such comparisons are subject to large errors
due to generally smaller number o f relatives involved. Bertrand et al. (1987) also indicated
possibility o f bias in their estimates as their model and procedure used did not account for
genetic trend or selection. Including permanent enviromental variance (PEF) in the model,
ignoring genetic maternal effects, yielded estimates o f h2A similar to when only maternal
genetic effects were included in both traits. The proportion o f the variance component for
PEF to total phenotypic variance (pp) was not very different from h2A estimates when genetic
maternal effect alone was fitted. A similar value o f pp = 0.06 was reported by Bertram et
aL (1987) for weaning weight in Limousin cattle.
Models fitting both genetic maternal
effects and permanent environmental effects for both traits were not significantly better with
estimates o f genetic maternal variance almost zero. However Bertrand et al. (1987) reported
PEF to account for 6 % for the total phenotypic variance for weaning weight in Limousin
cattle.
Estimates for the genetic correlation between direct animal effect and direct maternal
effect in literature are very varied. Most early estimates were based on using correlations
among relatives and Koch (1972) indicated that some o f these estimates are biased from
environmental covariance dam-daughter correlations. Graser et al. (1985) and Quaas et al.
(1985) reported for low estimates o f genetic correlation between direct animal effect and
genetic maternal effect for the Simmental cattle in Australia and United States using
appriopiate method. Genetic correlations between direct additive and maternal effects were
low and did not significantly improve the likelihood.
In brief h2A for 400 day weight in British Simmental is o f moderate value and genetic
maternal effects are not very important. For 200 day weight genetic maternal variance is o f
slight importance and accounts for 7% o f the total phenotypic variance.
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Table 2.

Variance components and proportion o f variance estimates for 200 day weight

model

variance components

o2.

o 2m

397.09 _
238.43 89.07
241.62 -

1
2
3

proportion o f variation

<?P

_
-

98.99

h2M
861.87 0.32
913.43 0.19
894.62 0.19

-

Pp
-

0.07

-

0.08

-

1=

model with additive genetic effect and error as only random effects.
1 plus direct genetic maternal effect
3= model 1 plus permanent environmental effect
o2a, a 2*,, a2P, o 2j, = additive genetic variance,additive genetic maternal variance,
permanent environmental variance and residual variance
respectively.
h2A, h2M, pP= heritabilities for direct genetic effect and genetic maternal effect and
proportion o f variance for permanent environmental effects respectively.

2 - model

Table 3.

Variance components and proportions o f variance for 400 day weight.

model

variance components
o 2e

_
1977.44
914.15 _
2007.25
798.65 73.97
738.41 3
134.97 1944.22
see Table 2 for explanation o f symbols.
i

2
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proportion o f variance
h2A
0.31
0.27
0.26

h2M

0.03

