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SUMMARY

Mathematical growth models, such as the Brody Growth Curve, provide a means of incorporating the
information contained in a series of liveweight measurements into parameters of biological meaning.
Variation that exists in these parameters was used to simulate a population of animals and examine
the correlated phenotypic responses to selection in feeding, growth and carcass traits. Results are
illustrative only because of the lack of model calibration. The average growth curve and daily feed
intake (DFI) of a selected cohort was increased by selection on 600 day weight alone in comparison
to the average of the unselected population. Conversely, selection on reduced mature weight only
decreased these traits, with no apparent effect on feed conversion efficiency (FCE). Selection on
combinations of 600 day weight, mature weight and mature feed intake had intermediate effects,
however, efficiency increased when selection was for 600 day weight and against mature feal intake.
The DFI and FCE at liveweights of 200, 400 and 600 kg were increased by selection for 600 day
weight but were reduced by selection against mature weight.
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INTRODUCTION

Growth traits such as birth, weaning and yearling weights have been routinely recorded and analysed
in genetic evaluations (Kaps, et al. 2000). The economic importance of other growth traits such as
mature size, maturing rate and growth rate has led to their incluson in genetic evaluations and
increased the interest among scientists and producersin lifetime age-weight relationships. However,
a series of weight records taken during an animad’s life are difficult to interpret in isolation, without
reference to other weight records. Mathematical growth models provide a means of incorporating the
information contained in such records into a few parameters of biological meaning that are easily
understood (Cho, et al. 2002). The Brody growth curve (Brody, 1945) as formulated by Doren et al.
(1989) isasimple example:

Y= A= (A-y) et

wherey; isthe weight of the animal at timet, y, is the weight of the animal at original timet,, Ais the
asymptotic weight (mature weight) and k characterises rate of growth. This growth model uses two
parameters of biological importance to describe the growth of an animal across time. The shapes of
the growth curves produced by such equations for different animals are not identical, indicating that
the parameter values of the growth models vary between individuals. This variation can be used to
help investigate the possible effect that selection on a particular trait(s) has on arange of other traits.
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The objective of this study is to develop an approach to examine the effect selection on a single trait
or index has on a range of feeding, growth and carcass traits in a selected cohort through simulation

of the growth curves for a population of animals using the variation that existsin parameter values.

MATERIALSAND METHODS

The model adopted was based on that of Kinghorn (1985). Weight at timet was defined by:

¥ = W(Lin(1-€<T))°

Yo = W((Ye 1) + kg tmP

or in atime step approach,

- where L, is mature length, w is a scaling factor, k is a constant characteristic of the rate of decrease
in linear growth rate and power P relates weight to body length. Daily feed intake at timet was

defined by:

DFl¢= NFCR(¥; - Yt-1) + M. [(%t + Y:)/2] ©™

- where NFCR (Net Food Conversion Ratio) is Kg feed required per Kg tissue deposited andmis
maintenance cost per Kg metabolic body weight per day. Feed conversion efficiency at timet was

defined by:
FCE; = v,/ AccFl,

- where AccFl; is DFI; accumulated to timet. Carcass weight was also simulated, as follows:

Cwt, = ay®

- where a and b were estimated by nortlinear regression from Beef CRC carcass and weight data.

The model parameters were allocated means, standard
deviations, plus correlations among them. Idedly,
these parameters would be estimated reliably from
data, but this has not yet been possible. Sensible
values were adlocated in order to be able to
demonstrate the approach undertaken, and so caution
is needed in interpreting current results.

The growth curve for each animal in the population
was simulated by sampling a parameter set from the
assumed multivariate distribution. The resulting
population of animals was then selected on one or
more predicted trait values and the selected group
examined for correlated phenotypic responses in other
traits. Table 1 shows the traits used for each round of
selection, and the economic values alocated to them
for illustrative purposes.
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Table 1. Traitsand economic values
(EV) used for selection

Index traits®
Index 600D Wt M Wit M FI
1 1
2 -1
3 1 -05
4 1 -0.1

A Index traits: 600D Wt, liveweight 600
days postpartum; M Wt, mature liveweight
messured at 5yrs of age; M FI, cumulative
feed intaketo 5 yrsof age.
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RESULTSAND DISCUSSION
The average phenotypic responses to selection on thke economic indexes described above are
presented in Figure 1 in comparison to the unsel ected population average.
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Figure 1. The correlated phenotypic response of growth, daily feed intake, feed conversion
efficiency (FCE) and car cass weight to selection.

Selection for increased 600 day weight (index 1) increased the average growth curve of the selected
cohort in comparison to the unselected population (figurel). The opposite occurred when selection
was against mature weight (index 2) with the average growth curve being reduced. The other indexes
produced intermediate results. Interestingly, selection using index 3 increased liveweight at

marketable ages whilst not increasing liveweight at maturity. The daily feed intake (DFI) curves

followed the same pattern, with index 1 increasing DFI and index 2 decreasing DFI. However, index
4 reduces DFI below that of index 2 thusincreasing efficiency. Thisis reflected in figure 1 with index
4 having a higher FCE than the average population and the other indexes. Carcass weights (figure 1)
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follow the same pattern as the growth curves primarily because they are derived from predicted
liveweight.

The correlated responses of FCE and DFI a  Table2: Correlated response of daily feed
different liveweights are presented in Table2. Index  intake (DFI) and feed conversion

1 increased DFI and FCE whilst index 2 decreased  efficiency (FCE)

both traits. Index 4 aso reduced DFI however the

FCE of this index remained in close proximity to Liveweight (kg)
that of the average population. The DFI and FCE of "Trait Index 200 200 600
index 3 remained relatively close to that of the "DFI  Average 5.60 6.41 5.90

average population, with a dightly higher DFI at Index1 +0.65 +0.86 +1.04
smaller liveweights. Index2 -041 -084 -1.20
Index3 +0.38 +0.33 +0.15
The results above can be interpreted to indicate Index4 -048 -099 -1.39
selection for larger genotypes is desirable because  "FCE  Average 0.155 0.140 0.122
they can reach higher body weights on a given Index1 +0.004 +0.007 +0.010
quantity of feed. However, this does not mean they Index2 -0.004 -0.007 -0.017
are more efficient (Kinghorn, 1985), which the Index3 +0.003 +0.004 +0.003
results indicate (Table 2). Taking into account the Index4 +0.005 +0.004 -0.003

maternal costs of production, which this simulation
does not, would result in animals being seleded on their level of maturity and fit to the production
and market system (Kinghorn, 2000) and increasing the efficiency of the production system as a
whole.

The correlated phenotypic responses in growth, feeding and carcass traits to selection using different

criteria were able to be investigated by utilising the variation that exists in the parameter values of a
growth model. However, there are two important limitations of the current study to note. Firstly, the
growth model used has not been cdibrated to appropriate data. Secondly, simple calibration to

phenotypic data will only make the approach proposed reliable for predicting the mean merit of the
selected group, not of their progeny. However, suitable calibration, and estimation of genetic
parameters for growth curve parameters, could make the approach proposed here useful for predicting
genetic responses to selection in breeding programs.
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