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coliected during 1957 - 1975 on an Aberdeen-Angus herd. The technigues
compared were: sires-over-time, repeat-mating, dams-over-time, and sires-
and-dams-over-time, where each performance record was exgreésed as a
deviation from the annual population mean. The sires-over-time estimator
was superior to the others for it was minus twice the pooled within-sire
regression of the deviation of performance on time.

Comparison of Contemporary Animals from Different Generations

An estimate of genetic change per generation can be obtained by
comparing performance records of animals raised at the same period on the
came environment but belonging to different generations (Syrstad, 1974).
The genetic gain can be estimated directly through the regression of the
average performance within years on the generation number of the individuals.
In beef cattle, Koch et al (1974) estimated the genetic change of various |
characters through this procedure and a brief discussion of their results
‘f011ows.

Selection response in three lines of Hereford cattle selected for
weaning weight (Line 1), yearling weight (Line 2) or an index of yearling
weight and muscling score (Line 3) was reported by Koch et al (1974).
Selection response was estimated by several measures of offspring regression
on selection in parents; Average estimated responses, expressed in
standard deviation units per generation, in the three lines, were: 0.22,
0.28 and 0.28_f0r birth weight; 0.20, 0.13 and 0.12 for weaning daily gain;
6.23, 0.17 and 0.15 for weaning weight; 0.28, 0.42 and 0.33 for post-
weaning daily gain; 0.36, 0.43 and 0.33 for yearling weight and -0.03, 0.01
and 0.24 for muscling score, resp. Responses per unit of selection
applied were 0.47, 0.37 and 0.48 for birth weight, postweaning gain and

yearling weight, which can be considered relatively large, and 0.11 and
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0.13 for weaning daily gain and weaning weight, which can be considered
a small response per unit of selection appiied. The observed responses
in the three lines evidenced the existence of an intense genétic asso-
ciation among the characters measured. Therefore, various sefection
criteria could yield improvement in the economic traits of Hereford
cattle under similar conditions to the experiment reported.

Comparison of Contemporary Progenies by Sires of Different Generations

This procedure was devised by Dickerson (1969). 1t can be considered
a variation of the preceeding and appears to be the most viable procedure
of estimating genetic and environmental changes in large animais. 1If
sires of a given generation (or semen frbm these sires) were kept and
used after a certain period in comparison to the sires of the most recent
generations, then the difference between the performance averages of the
contemporary progenies estimates half of the genetic change occurred in
the herd during the period considered in the analysis. However, two
conditions are required for a correct evaluation of the selection program:
1) both groups of sires must pass through the same selection criterion,
since the comparison would be biased if the oldest sires were selected
on the basis of their progeny, 2) in both sire groups the cow distribution
shouid be similar as far as age and breeding value are concerned (Syrstad,
1974).

Despite its potential, apparently this procedure has not been
utilized to much in beef cattle. However, Newman et al (1973) used this
procedure to estimate the genetic change for yearling weight in beef
cattle, as already discussed in the control population method due to the
fact that the classifications are arbitrary and there is a considerable

overlap among them.
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Repeated Use of Sires

The successive progeny groups bred by sives (or semen from these
sires) used during several years in the population provide—é;continuity
of genotypes over time. The within-sire change in progeny performance
from year to year is a measure of the environmental change plus half
the genetic change, and has been used in non-experimental selection
programs (Smith, 1962). The annual change in the average performance
of a given population can be expressed as (e + g) where e is the
environmental change and g is the genetic change. Assuming that there
is no change in the breeding value of a sire, the average change in the
progeny of each sire in successive years would be equal to (e + 1/29),
that is, the contribution of the environmental change plus the genetic
change occurred in the female population, which in turn is equal to 1/2
of the total genetic change. Therefore, the di fference between the

annual change in the population and in the progeny of a sire, namely

(e + g) - (e + 1/2g), estimates half of the annual genetic change. How-
ever, several sources of error can affect the within-sive progeny perform-
ance regression on years. Among them the most important are: (a) sire
selection based on its preceeding progeny performance causing a super-
estimation of the genetic change within-sire over time, (b} age and
culling of dams can cause changes in ithe within-sire distribution of dams
age and selection intensity, and (c) the genetic change in the dams can

be greater than half of the total genetic change and the estimate would

be biased upwards. In beef cattle, this procedure was used by Stewart

et al (1974), Packer (1977), and Vanmiddlesworth (1980).

- The genetic change over a 15-year period for weaning weight in

Brahman cattle was estimated by Stewart et al (1974). The data consisted
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of progeny records from 484 first-calf heifers and 22 sires, each sire
having progenies in at least 2 yéars. Within-year least-square constanis
were obtained from models including year, sex and age of gaT?, with and
without sires. The differenée between within-year constﬁnts of the two
models was used as an estimate of half the genetic-change for that year.
A weighted regression of twice that difference.was the estimated genetic
change for weaning weight. The phenotypic change showed a curvelinear
pattern over time with weaning weight increasing at a decreasing rate.
The genetic change was aiso curvelinear over time with the genetic
effect increasing at an increasing rate.

packer (1977) estimated the genetic change for birth weight and
weaning weight of Canchim calves born during 1956 - 1973 by doubling the
difference between the linear regression coefficients of calf birth
year on year, when sire was ignored and included in the model. Genetic
changes were negative for both traits, probably due to the small number
of sires which were used more than one year in the herd.

Data collected on 2416 Aberdeen-Angus calves produced in 1955 - 1976
by 667 cows mated to 39 bulis were analyzed by Vanmiddlesworth (1980).
Estimates of annual genetic and phenotypic changes were -0.03 + 0.02 and
0.01 + 0.01 kg, resp. for birth weight, 0.49 1_0.10'and 0.30 + 0.05 kg
for 120-day weight, 0.17 + 0.15 and 0.38 + 0.07 kg for weaning weight,
-0.41 + 0.17 and 0.63 + 0.09 kg for 240-day weight, and 0.58 + 0.30 and
2.18 + 0.15 kg for 360-day weight. The estimates of environmental change
were positive for all traits except for 120-day weight.

Repeated Records by the Same Individual

An early attempt to separate the observed annual phenotypic change

into its causal components was made by Lortscher (1937) cited by Syrstad
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(1974). Also, Nelson (1943) considered the difference in milk production
of the same cow in successive years as an estimate of the environmental
change. The basic concept involved is that the genotype'd¥ an indi-
vidual is constant throughout its life, and consequently that any change
in performance is of environmental origin (Syrstad, 1974). This
procedure, however, presents an error of logic, which biases the results
because the performance of the same cow in successive years varies
systematically for two reasons: 1) annual changes in management and in
other factors of the external environment, and 2) changes in performance
associated with the increase in age of the cow (Rendel and Robertson,
1950). An additional problem consists of the cu11ing process of animals
in successive years. This situation is like]ylto occur in beef cattle
when selection of cows is based on weaning weight of ca]ves. The data
collected consist of performance records of dams in successive years and
could be represented by a factorial design including dams and years as
factors. However, Henderson (1949) demonstrated that estimates of year
effects by least-squares analysis, considering dams as a fixed effect
were biased determining an apparent conclusing that the environment
gradually deteriorated over years. ‘The same problem was reporfed by
Lush and Shrode (1950). As a'so1ﬁtion to this problem, Henderson et al
(1959) suggested two methods: 1) estimation of year effects through
maximum 1ikelihood, which requires the previous knowledge of the repeat-
ability of the character, or 2) estimation of repeatability and environ-
mental change simultaneously. It has been shown that both methods are
equivalent for the same repeatability. Estimates obtained by least-
squares analysis are not biased, unless dams are selected based on the

previous progeny performance (Henderson, 1958). However, estimates
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obtained by maximum 1ikelihood would be more efficient because they
are based on differences between dams and comparisons within dams.

Estimates of genetic changes in beef cattle through maiimum
Jikelihood were reported by Bailey et al (1971), Chevraux and Bailey
(1976), and Packer (1977). |

Results of selection for postweaning daily gain (Lines 1 and 4),
feed efficiency (Lines 2 and 5) and conformation (Line 3) in Hereford
cattle at two locations were reported by Bailey et al (1971). Only
selection for postweaning gain and the correlated response for feed
efficiency in Line 4 were different from zero. Genetic changes observed
in the primary characters in Lines 1 to 5 were 1.49 kg of gain in
140 days, D.18 kg of gain/100 kg of Total Digestible Nutrients (TDN),
-0.09 score units {excellent = 100), 2.17 kg of gain in 140 days, and
0.17 kg of gain/100 kg of TON. Genetic change for final weight after
140 days in test was 1.22 + 0.90 kg/year (Chevraux and Bailey, 1976).

Working with data on 1818 Canchim calves (5/B Charolais + 3/8
7ebu Foundation) born during 1956 - 1973 in Sao Carlos, Brazil, Packer
(1977) estimated phenotypic, genetic and envirohmenta1 changes for birth
and weaning weights. Phenotypic changes were 0.22 + 0.04 and 0.63 +
0.20 kg/year for birth weight and ﬁeaning weight resp., whereas environ-
mental changes were 0.16 + 0.06 and 0.33 * 0.25 kg/yeér for both
characters resp. Genetic chénge was non-signficant for birth weight
{06.05 + 0.05 kg/year), and showed a quadratic response over the years
for weaning weight.

Genotype Storage

This is a way in which replication of the same genetic material

in successive generations can be achieved. The use of frozen embryo
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panels stored over a long period of time-was proposed by Smith (1977) to
measure genetic changes in farm animals. With current technology, a
simplified method is to use a panel of sires in a rotatiqnalfmanner on
each other's daughters, and so develop a frozen embryo panel control
1ine. With the use of frozen embryos the full genetic change is
measured, the risks of loss of the control can be minimized, panels can
be regenerated at any time from current stock, genetic changes in
previously unrecorded traits can be measufed, and a series of overlapping
frozen embryo panels can be used to cover long periods of time. Also,
genetic change in the control would be eYiminated by storage of the

base material (Hi1l, 1972a). Two important features of this procedure
are its adaptation to either experimental or field use and its relatively
low cost of maintaining the panels and of measuring genetic changes with
high precision. As discussed by Bradford and Kennedy (1980), the
potential of embryo transfer for increasing rate of genetic improvement
appears to be greater in beef cattie than in dairy cattle. They also
pointed out the possibility of provision of genetically stable control

populations, with improved embryo storage capability.
Summary

Several methods of estimating genetic change have been applied
to both experimental and non-experimental populations of beéf cattie.
Various sources of error associated with each method have been identi-
fied but not quantified, with the most important being bias and sampling
error. Therefore, estimates of genetic change should be interpreted
with these problems in mind, because even a consistency among results

obtained by various methods would not be an indication of correct
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eétimates. With the development of thé'frozen embryos technique
it appears that most of the problems in estimating genetic changes
in beef cattle will be better understood, mainly due to the’hossibi1ity
of identifying and quantifying different types of interactions and
other sources of error.

However, an analysis of the results insofar obtained permits
to establish the following points: 1) with some exceptions, the
majority of the studies used indirect methods to measure genetic
changes, 2) most of the studies evidenced positive effects of selection
for growth traits in beef cattle, and 3) in general, selection has
been applied to purebreds, most of them of European origin, on a

within-herd basis.
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