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Abstract

Estimates of (co)variance components and genetic parameters were obtained for a pre-weaning weight,
recorded between two and five months after birth, and the subsequent gain till weaning for two herds in a
selection experiment in Western Australia. Analyses were carried out both accounting for age at weighing
and assuming birth dates and thus ages were unknown. Adjusting for the interval between weighings,
preweaning gain appeared to be independent of age and equally heritable to weaning weight. Estimates
of the direct genetic correlation between preweaning gain and weaning weight (adjusted for age) were
0.9 or higher while both genetic and permanent environmental maternal correlations were close to unity.
Implications for the use of preweaning weight as an alternative selection criterion to weaning weight when
birth dates are not recorded are discussed.

Introduction

Traits usually considered in the genetic evaluation of beef cattle for growth potential are weights at various
ages or gains calculated as differences between such weights. Weights most frequently recorded are birth,
weaning, yearling and final weight, and weighings must fit in with other tasks required in the production
cycle. In a natural mating situation, calvings generally spread over a period of two to three months or even
more. This often leads to considerable differences in age of animals at a particular weighing, for example at
weaning, and corresponding differences in size. In order to compare growth of animals accurately, it is thus
paramount to know their birth dates and to be able to adjust for differences in age.

In many extensive production situations, however, birth weight is not recorded, in particular for breeds
where calving problems are negligible and selection pressure attempting to restrict birth weight while in-
creasing growth potential is not required. In that case, recording of birth dates for the purpose of genetic
evaluation can represent a considerable expense, and alternative recording protocols and selection criteria,
even if reducing potential selection response to some extent, might be advantageous. The scope for selec-
tion on a correlated trait depends on the genetic parameters of the traits in question, in particular the genetic
correlation(s).

For illustration, consider the simple case of an animal with reddrdor a certain trait A, and assume that
there are no maternal effects. The estimate of the animal’s breeding value for trait A Bthes hiYA,
Wherehi, denotes the direct heritability for A. 4 is not measured but a record for a correlated trait B,

Y, with heritability hQB is available, the breeding value estimate for AB®4 = rghahpsa/spYp with

rq the genetic correlation between A and B, andandsp denoting the respective phenotypic standard
deviations. The potential response in trait A when selecting on the basis of records for trait B thus depends
on the heritabilities of the two traits and the genetic correlation between them. Thedérph s is often



referred to as the co-heritability of traits A and B, and the correlated response to selection is proportional to
the co-heritability times the selection intensity (Falconer, 1989).

If birth dates are unknown, the obvious alternative traits to weights at a certain date, which are heavily
dependent on the animals’ age, are gains between weighings. Some genetic evaluation schemes for beef
cattle already use postweaning gain in preference to a postweaning weight, such as yearling or final weight,
since it is generally not subject to maternal effects. Correspondingly, weaning weight could be replaced by
a preweaning gain. With birth weight and dates not recorded, this would necessitate an additional weight
to be taken between birth and weaning. From a management point of view, however, this might be more
convenient since all animals in a herd could be weighed at the same time, for instance at marking. While
such preweaning gain might be affected by age, this is likely to be much less important than for weaning
weight.

This paper examines a preweaning weight taken within two to three months of the end of the calving period
and the corresponding gain till weaning. It investigates the scope for selection for weaning weight on the
basis of preweaning gain when birth dates and weights are not recorded.

Material and Methods

Data

The data used originated from a selection experiment carried out at the Wokalup research station in the
South West of Western Australia. This experiment comprised two herds of about 300 cows each, one being
Polled Herefords and the other a multi-breed synthetic formed by mating CharxoBxigshman bulls with
Friesianx Angus or Hereford cows. This synthetic breed was named Wokalups. Selection was carried
out at weaning for improved growth from birth till weaning. Further details of the experiment, production
environment, management and data structure are given by Mege(1993).

Matings occurred between the second half of June and early September each year, resulting in the bulk of
calvings in April and May. Calves were generally weaned in November or December. All calves were
weighed at birth and subsequently at monthly intervals. From these monthly weighings, a preweaning
weight (PWW) was selected and the subsequent gain till weaning (PWG) calculated. Four sampling schemes
were considered in order to examine the effect of recording date on the utility of these measures :

All weights taken in Junélhis represented a single weighing at the end of the calving period and included
some calves just born.

All weights recorded in Augusthis was similar to the first data set but calves were at least 6 weeks old.

One weight taken between June and Auguld. obtain a wider spread of preweaning weighings, one
weight amongst those taken in June, July and August was randomly chosen for each animal in the
third analysis. This was chosen to mimic a distribution of ages at preweaning weighing in herds with
longer mating and calving periods than in the experimental situation.

July or September weight$he fourth alternative, finally, combined a July weight for animals which were
more than 14 days old with a September weight for the remainder or animals without a July weight
record. This was intended to represent a scheme where PWWSs were measured at separate occasions
two months apart.

For bivariate analyses of PWG together with birth weight (BW), weaning weight (WW) or PWW, only the
latter sampling scheme for PWWs was used. Weaning dates were available for each year and WW records
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Table 1: Characteristics of the data structure for univariate analyses of preweaning weight (PWW) and
preweaning gain (PWG) [kg], considering different weighing dates.

Herefords Wokalups

June Aug. Jun-Aug Jul/Sep June Aug. Jun-Aug Jul/Sep

No. records | 2053 1942 2048 2567 2162 1995 2160 2603
No. animal§ | 2554 2433 2554 2995 2830 2574 2828 3143
No. sire$ 151 118 150 15 170 134 170 159
No. dam& 675 603 671 771 740 672 738 843
PWW T | 679 127.0 88.6 102.3 76.6 145.7 100.1  119.9
sd| 194 27.7 32.7 30.3 22.8 294 37.7 34.5

PWG T | 177.7 1214 157.3 140.0196.6 131.7 173.2 155.1
sd| 337 254 36.4 38.6 34.0 26.7 40.5 40.9

Age® T 452 114.8 70.1 88.1 41.3 112.1 65.5 85.7
sd| 20.0 1838 35.1 26.9 20.6 204 36.0 27.3

IntervaP 7 | 178.6 112.6 154.0 137.0178.7 112.8 1545  136.9
sd| 16.4 15.9 29.7 30.3 16.0 14.1 29.6 30.1

Ain the analysis, including parents without records

Bwith progeny in the data

Cat weighing [days]

Phetween preweaning and weaning weighing dates [days]

selected for all animals were the monthly weights for each animal taken closest to this date, restricting age
at weighing as for REEDPLAN (Schneebergest al, 1991) to 120 to 300 days. All BW and WW records
available were utilised, i.e. including those for animals without a PWG record.

Analyses

Estimates of variance and covariance components were obtained by Restricted Maximum likelihood (REML)
using a derivative-free algorithm and fitting an animal model throughout, incorporating all pedigree informa-
tion available. Maternal genetic and permanent environmental effects were taken into account by including
appropriate random effects into the model of analysis as described by Meyer (1989, 1991a). Previous anal-
yses (Meyeet al, 1993) had shown that direct-maternal genetic covariances for both BW and WW were
not significantly different from zero in the data considered here. Hence analyses were carried out assuming
no direct-maternal genetic correlation, i.e. fitting Model 5 of previous analyses throughout. All calculations
were performed using EREML (Meyer, 1991b).

Fixed effects fitted were sex, birth type (single. twin), and year-paddock and year-month of weighing
subclasses. Age at weighing, dam age and interval between weighings (PWG only) were taken into account
by fitting each of them as a linear and quadratic covariable. For a proportion of animals, age of dam could
not be calculated due to unknown birth dates of the dams. For these animals dam age was replaced by the
mean age in the respective data set.

Univariate analyses of PWW and PWG were carried out for each breed and each of the four sampling
strategies in- and excluding age at weighing as a covariable. Bivariate analyses of PWG together with BW,
PWW or WW fitted age at weighing for the weights (i.e PWW or WW) but not PWG. For these, only the
July/September preweaning weighing scheme was considered.

Results



Table 2: Characteristics of the data structure and estimates of phenotypic variajesng genetic pa-
rameter$ for birth weight (BW) and weaning weight (W\W)together with numbers of animals in bivariate
analyses of BW or WW with preweaning gain.

Herefords Wokalups
BW WW | BW WW

No. records 3414 3088| 3769 3190
Mean [kg] 31.5 227.6| 36.0 257.7
sd 5.3 515| 6.3 529
o, 18.6 752.5| 28.4 764.3
h? 0.43 0.19] 052 0.27
m? 0.11 0.14| 0.05 0.07
c? 0.09 0.20/ 0.04 0.11

No. animals in bivariate analyses
records for both traits 2566 2567| 2602 2603
records for BW/WW only| 848  521| 1167 587
in the analysis 3783 3426| 4524 3856

Ap2: direct heritability;m?: maternal heritability, and®: permanent environmental maternal effects.
BFrom Meyeret al. (1993).
Cincluding parents without records

Characteristics of the data structure for each of the four weighing schemes are summarised in Table 1. Ac-
counting for differences in size, PWW and PWG were about equally variable in the two breeds. Considering

preweaning weights taken in different months (June-August and July/September) roughly doubled the stan-
dard deviation in interval from preweaning to weaning weighings compared to single date weighings (June,

August) and, correspondingly, increased the variation in age at weighing considerably. Numbers of records,
means and standard deviations for BW and WW are given in Table 2 together with estimates of genetic

parameters from previous, univariate analyses of BW and WW and numbers of animals in bivariate analyses
with PWG.

Univariate Analyses

Results from univariate analyses of PWW and PWG are summarised in Table 3. For all four sampling
schemes, ignoring age increased estimates of the phenotypic varigs)der PWW dramatically in both

breeds. This was most pronounced for June weights which included a proportion of newly born or very
young calves, emphasizing the major effect age has on weight and that age differences are most important in
the earlier periods of growth. Adjusting for age, estimatesjoivere, except for July/September weighings,
similar for both breeds. Ignoring agé? were considerably larger for Wokalups than Herefords though
variation in age was similar for the two breeds (the superscript ™ denoting a parameter estimate).

For Herefords, estimates of genetic parameters for PWW differed markedly between analyses allowing for
and ignoring differences in age at weighing. Not fitting age, estimates of the direct heritali)itwére
consistently higher than those obtained adjusting for age. Correspondingly, estimates of the maternal her-
itability (m?) and the proportion of% explained by permanent environmental maternal effecjswere
considerably lower ignoring age than allowing for it. In other words, analyses not fitting age attributed
differences between animals largely to (direct) additive genetic differences between animals in growth po-
tential and thus identified less maternal effects. Accounting for age, valugs*fandé? were similar to
corresponding estimates for WW of 0.14 and 0.20 (Mesteal., 1993), especially for weighing schemes
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Table 3 : Estimates of phenotypic variancesH) and genetic parametérgrom univariate analyses of
preweaning weight and preweaning gain, accounting for and ignoring age at weighing and considering
various weighing schemes.

Breed® June Aug. June-Aug. July/Sept.
wiout® with® w/out with w/out with w/out with
Preweaning weight

Hef 0% | 208.2 949 429.0 279.3 286.4 1654 346.4 230.3
h? 031 020 026 011 023 013 025 0.14
m? 001 013 0.11 023 0.03 014 0.06 0.15
c? 007 023 011 023 008 016 011 0.p2

Wok 0% | 311.2 939 4859 2716 354.8 159.7 418.3 213.6
h? 024 024 025 026 020 020 029 0.p6
m? 002 004 001 003 000 001 001 0.5
c? 006 008 0214 019 009 012 010 0.15

Preweaning gain

Hef 0% | 467.3 4613 266.2 264.8 393.0 388.1 327.4 324.1
h? 023 023 018 019 022 022 016 0.16
m? 0.16 0.18 0.112 0112 0.6 017 0.10 o0.10
c? 0.07 008 0214 019 009 012 010 o0.15

Wok 0% | 5235 5222 288.0 289.0 447.6 4451 3812 380.3
h? 037 037 037 037 036 035 043 043
m? 0.07 007 0.00 0.01 008 008 0.00 0.1
c? 0.10 0.10 0.07 0.07 0.07 0.07 0.05 0.5

Ap2: direct heritability;m?: maternal heritability, and®: permanent environmental maternal effects.
BHef: Herefords, Wok : Wokalups.

Canalysis assuming age at weighing is unknown.

Panalysis fitting age at weighing as a covariable.

not including newborn or very young calves.

For Wokalups, however, there were little differencesiinand 2 for PWW between analyses with and
without age, and only a small but consistent increas# when allowing for age. As for WWof Meyer

et al, 1993), estimates of direct heritabilities for PWW were considerably higher and estimates of maternal
heritabilities were lower in Wokalups than in Herefords, especially for the later sampling schemes (August
and July/September). For WW, this pattern has been attributed to differences in milk production between
the breeds, milk available in Herefords often limiting growth of calves. Estimates indicate that this holds to
a similar extent for PWW.

In contrast to PWW, estimates of, and genetic parameters for PWG were very similar whether or not
age at weighing was taken into account. To some extent, this could be explained by age effects on both
PWW and WW being similar and thus being canceled out when the difference between WW and PWG is
considered. Furthermore, fitting the length of interval between PWW and WW weighings as a covariable
might have removed variation in PWG due to differences in age as well due to differences in time between
weighings as longer intervals were generally associated with younger ages at weighing.

Direct heritability estimates for PWG were higher than for PWW, adjusting for age, especially for Wokalups.
Correspondingly, estimates of maternal effects for PWG were lower than for PWW. In partiéueas
considerably lower for PWG than PWW for both breeds, except for June weighings in Wokalups. This re-



flects the fact, in part at least, that maternal effects on preweaning and weaning weights are highly correlated
and thus quite similar, so that in considering PWG only the difference between maternal effects on PWW
and WW is found to affect PWG. Shi al. (1993) found lower estimates of2 andc? for gain from 120 to

210 days than for gain from birth to 120 days in French Limousins and attributed this to calves being able
to eat supplemental feed in the later parts of lactation and maternal effects (milk production) thus becoming
less important.

Estimates for PWG were comparable overall to previous estimates for preweaning gain considering growth
from birth till weaning (PWGB). Baker (1980) gave average literature valuég ahds? for PWGB of

0.26 and 0.24, respectively, with a corresponding direct-maternal genetic corretatioh €stimate of -

0.45. Trus and Wilton (1988) reported estimates&fm? andr 45, for PWGB in Canadian Herefords of

0.30, 0.27 and -0.42, while Mackinnat al. (1991) found values of 0.16, 0.31 and 0.00, respectively, in
Australian Zebu Crosses. None of these studies, however, fitted maternal permanent environmental effects,
i.e. estimates ofn? were likely to reflect both genetic and environmental maternal effects and should be
compared to the sums 62 andé¢? from our analyses.

On the whole, estimates for the four preweaning weighing strategies were remarkably consistent, consider-
ing the fact that they comprised records taken over a wide range of ages, in particular for the June-August
and July/September schemes. This suggests that PWG is quite robust and that genetic parameters for this
trait are similar across a wide range of ages at preweaning weighing. Hence only one weighing scheme, the
July/September regime, was considered in bivariate analyses of PWG together with PWW or WW.

Bivariate Analyses

Results from joint analyses of PWG together with BW, PWW and WW, respectively are given in Table 4.
Overall estimates of genetic parameters for each trait agreed reasonably well with their univariate counter-
parts, see Table 2 for BW and WW and Table 3 for PWG and PWW. Ghipr PWG in Wokalups from

an analysis together with WW was considerably lower than the univariate estimate or corresponding values
from bivariate analyses of PWG with BW or PWW. This could only be attributed to sampling variation.

Estimates of all correlations between PWG and WW were consistently high and very similar for the two
breeds. All maternal correlation estimates, both genetic and permanent environmental, were close to unity,
indicating, not surprisingly, that maternal effects on WW were virtually identical to those on PWG. Anal-
ogously, all estimates of maternal correlations between PWG and PWW were similarly high, ranging from
0.9 to unity. Direct genetic correlations) of PWG with PWW were moderate, and low for PWG and
BW. Corresponding phenotypic correlatioms) of PWG with both BW and PWW were low, ranging from
0.36 to 0.44. Mackinnoet al. (1991) reported somewhat lower estimates pandrp for Australian Zebu
Crosses between PWGB and BW of 0.36 and 0.24, while a value of 0.94 fof patid? r between PWGB

and WW was comparable to our results. For all three weights, estimatesvath PWG were higher for
Wokalups than Herefords, emphasizing the fact that maternal milk production is less limiting in Wokalups
than in Herefords and that direct growth potential of a Wokalup calf is thus more important in determining
its growth rate.

Estimates of genetic parameters in Table 4 give co-heritabilities for direct genetic effects of 0.12 and 0.25
between BW and PWG, and 0.13 and 0.23 between WW and PWG for the Hereford and Wokalup data
sets, respectively. For BW, these were considerably smaller than the respective heritability estimates of 0.43
(Herefords) and 0.51 (Wokalups). For WW, however, the co-heritabilities with PWG were only slightly
smaller than the corresponding heritability estimates of 0.14 and 0.25 for Herefords and Wokalups, respec-
tively. Similar results hold for the maternal co-heritabilities of WW and PWG. This implies that, with the
same number of animals recorded and selected, about 90% of the response to selection in WW through
direct selection on WW could be achieved through indirect selection on the basis of PWG. Alternatively,
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Table 4 : Estimates of (co)variance componéntsnd genetic paramet&rgrom bivariate analyses of
preweaning gain (PWG) (trait 1) together with birth weight (BW), preweaning weight (PWW) and weaning
weight (WW) (trait 2).

Trait2 « J O Aij O Mij 0Cij OFEij O pij h2C  m2C ¢ rp
A M rc
Herefords
BW 1 1| 56.2 341 195 2241 3340 0.17 0.10 0.06
1 2 9.5 3.2 47 106 28.0 044 0.39 0.80 0.86
2 2 8.2 19 1.8 6.8 18.6 0.44 0.10 0.09
PWW 1 1| 557 389 183 2255 3384 0.17 0.12 0.05
1 2| 224 344 30.7 21.1 1086 056 0.93 1.00 0439
2 2| 293 351 515 1134 2293 0.13 0.15 0.23
Ww 1 1| 484 357 236 2373 3450 0.14 0.10 0.07
1 2| 665 685 611 262.6 458.7 090 0.99 1.00 0,87
2 2|1142 1354 158.2 3964 804.3 0.14 0.17 0.20
Wokalups
BW 1 1]|160.0 51 184 216.7 400.2 0.40 0.01 0.05
1 2| 265 2.7 0.7 141 440 055 095 015 041
2 2| 145 1.6 1.2 112 285 051 0.06 0.04
PWW 1 1)167.8 10.3 20.8 208.2 407.0 0.41 0.03 0.05
1 2| 73.0 116 228 249 1323 0.72 1.00 0.90 0}44
2 2| 60.8 130 31.1 1155 2205 0.28 0.06 0.14
WWwW 1 1| 96.8 51 253 2513 3785 0.26 0.01 0.07
1 2]1286 11.3 50.3 3999 490.1 093 1.00 0.97 0.89
2 21977 254 107.0 4759 806.0 0.25 0.03 0.13

Aoaij . direct additive genetic covarianceg;; : permanent environmental covariance due to the anima); : residual
covariance, and p;; : phenotypic covariance.

Bh2 : direct heritability,m? : maternal heritability;:2 . permanent environmental maternal effeets,: direct genetic correla-
tion, ras : maternal genetic correlationg : permanent environmental maternal correlation, and residual correlation, andp :
phenotypic correlation.

CFirst line parameter for = j, second line parameter foet j

additional animals could be recorded for PWG and this could be included in a multi-trait mixed model as
a correlated trait, increasing the accuracy of estimation of breeding values for WW and to a much smaller
extend BW.

Discussion

Management practices in commercial herds and many Northern Australian stud herds do not normally in-
clude recording of individual birth dates of calves, which is a prerequisite for recording on Australia’s
National Beef Recording Scheme. However, many of these herds have the ability to weigh the calves at
marking early in life, and calves could be weighed again at weaning to allow the calculation of a prewean-
ing gain which could be usdd lieu of a WW in a genetic evaluation scheme for growth when birth date and
thus age at weaning is unknown. Results from this study indicate that this would be worthwhile : preweaning
gain appears to be almost independent from age of calf at preweaning weighing or marking when adjusted
for the interval between weighings. Furthermore, it has a very high genetic correlation with WW and a
heritability of similar magnitude than WW itself.



However, it has to be emphasized that the calculations above are based on the assumption that the accuracy
of parental identification is unchanged. If birth dates are not recorded, a very good and reliable mothering
up system is required, as otherwise the pedigree information might be wrong for a large proportion of
animals. As this is utilised in genetic evaluation, it would render the breeding value estimation unreliable,
thus negating any beneficial effects of obtaining additional information through the inclusion of PWG.

In breeds or herds for which mothering up is not a reliable method to identify parents, an animal model
evaluation for PWG is unsuitable, as heritabilities will be underestimated, resulting in increased relative
weights being given to the wrong parents. For such groups of animals, birth date and dam identification
should be recorded.

Results for the different sampling schemes indicate that actual age of the calf at first weighing is of sec-
ondary importance. Hence a single weighing of all calves shortly after the end of the calving season is
recommended. It has to be stressed, however, that this study used data from an experimental herd with a
somewhat unusual management scheme (groups of 25 cows were kept in separate 20 hectar paddocks year
round; see Meyeet al. (1993)) which resulted in an almost linear growth of calves. Results need to be
confirmed for commercial production conditions. While it appears reasonable to expect results to be trans-
ferable to other herds withos tauruscattle and temperate environments, relationships between PWG and
WW need to be re-examined for herds in Northern Australia where chtikeidicuy, management and
seasonal growth patterns are very different.

If results from this study can be verified in field data, the additional information which could be collected

in commercial herds to improve the accuracy of estimated breeding values of registered stud animals in a
national evaluation could be quite substantial. In particular, it would allow weight information to be recorded
on animals for which carcass information from abattoirs becomes available at a later stage.

Acknowledgments

We are indebted to Jim Litchfield of Hazeldean, Cooma, who queried the scope for recording marking
weights instead of birth weights and dates and their useREEBPLAN, and thus stimulated this work.
Financial support was provided by the MRC under grant UNE35. We are grateful to the W.A. Department
of Agriculture for use of their data and acknowledge in particular the efforts of B.P. Donnelly and M.J.
Carrick in making the data available.

References

Baker, R.L. (1980). The role of maternal effects on the efficiency of selection in beef cattle : A review..
Proceedings of the New Zealand Society of Animal Produdtih285—-303.

Falconer, D.S. (1989)ntroduction to Quantitative Geneti&d edn. Harlow : Longman.

Mackinnon, M.J., Meyer, K. and Hetzel, D.J.S. (1991). Genetic variation and covariation for growth, para-
site resistance and heat tolerance in tropical cdttleestock Production Scienc27, 105-22.

Meyer, K. (1989). Restricted Maximum Likelihood to estimate variance components for animal models with
several random effects using a derivative-free algorit@netics, Selection, Evoluti@1, 317-40.

Meyer, K. (199h). Estimating variances and covariances for multivariate animal models by Restricted
Maximum Likelihood.Genetics, Selection, Evoluti@3, 67-83.

Meyer, K. (199b). DFREML Version 2.0 — Programs to Estimate Variance Components by Restricted
Maximum Likelihood Using a Derivative - Free Algorithm. User Notes. Animal Genetics and Breed-
ing Unit, University of New England, Armidale NSW (Mimeo).

8



Meyer, K., Carrick, M.J. and Donnelly, B.J.P. (1993). Genetic parameters for growth traits of Australian
beef cattle from a multi-breed selection experimdournal of Animal Sciencg(in press).

Schneeberger, M., Tier, B. and Hammond, K. (1991). Introducing the third generaticreaftl®LAN and
GROUPBREEDPLAN. Proceedings of the 9th Conference of the Australian Association of Animal
Breeding and Genetics, Melbourne, Vol. 9, 194—-199.

Shi, M.J., Laloe, D., Menissier, F., and Renand, G. (1993). Estimation of genetic parameters of preweaning
performance in the French Limousin cattle bre@eénetics, Selection, Evolutiob5, 177-89.

Trus, D. and Wilton, J.W. (1988). Genetic parameters for maternal traits in beef €dti@edian Journal
of Animal Sciencé8, 119-28.



