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Introduction:

The first Simmental animals were introduced into Australia in 1972. Since 
then, the breed has increased rapidly in numbers. From the beginning, the breed 
had a voluntary performance recording system for various traits. The Simmental 
data-bank is today the largest of any Australian beef breed society and is main
tained by the Agricultural Business Research Institute at the University of New 
England. Besides other characteristics, 200-day weight and 365-day or 550-day 
weights of calves are recorded. Fewer records were available for growth traits 
(365-day or 550-day weights) most closely related to a primary production goal 
in the Australian industry, the slaughter steer. In addition, quite drastic 
culling may occur at weaning in some herds, especially in seasons when pasture 
is limiting. Therefore, breeding values calculated by the currently used 
regressed contemporary comparison procedure (Hammond and Chambers, 1979) might 
be biased and quite unreliable. A procedure was needed to overcome these 
deficiencies. Henderson (1975) described the usefulness of the Best Linear 
Unbiased Prediction (BLUP) method to estimate breeding values for multiple traits 
with sequential trait selection. This was employed in a way similar to the 
mixed model multiple-trait analysis for within-herd evaluation of weaning weight 
and post-weaning gain, described by Poliak and Quaas (1980).

Model:

To evaluate sires across herds, a sire model relating animals via half- 
sib groups was used instead of the animal model described by Poliak and Quaas 
(1980). To allow breeders to weigh calves at 365 or 550 days of age without 
recording 200-day weight, final weight instead of post-weaning gain was used.

For 200-day weight, the model used was:

yijklm(200) = FiXedi(200) + Sdj + '5gSdk + gSmk + ddkl + * \ l  + Si jkltn (200) 

For 365-day and 550-day weights the model was:

yi jklm (365) = Flxedi<365) + S j(365) + ll9Sk(365) + d kl(365) + ®ijklm(365)
(550) (550) (550) (550) (550) (550)

* Animal Genetics and Breeding Unit, University of New England, Armidale, N.S.W. 
2351, Australia.
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The 200 and 365(500)-day weight records of calf ra 
by sire j out of dam 1 by sire k.

All fixed effects having a large influence on the records 
for 200-day and 365(500)-day weights. These were herd- 
management- group , sex of calf, dam age, grade of dam and 
age of calf at weighing.
Direct effect of sire j on 200-day weight of his progeny 
(random).
One-half of the direct effect of the maternal grandsire k 
on 2 0 0 -day weight (random).
Direct effect of dam 1 from sire k on 200-day weight 
(random).
Maternal effect of the maternal grandsire influencing 
maternal ability of his daughters on 2 0 0 -day weight 
(random).
Maternal effect of dam 1 from sire k on 200-day weight 
(random).
Effect of sire j on 365(550)-day weight (random).

Effect of maternal grandsire k on 365(550)-day weight 
(random).

Effect of dam 1 from sire k on 365(550)-day weight (random).

Errors attached to the records for 200-day and 365(550)- 
day weights (random).

The expectation of all random effects was 0, and E(B1 = 6 -

Assuming unrelated animals, the variance of all random sire effects ug is 
var(us) = Gs = I*Gi , the variance of the random dam effects u^ is var(Ujj) = G<}
= I*G2 ; where * is the Direct Matrix Product (Kronecker).
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With d and m standing for the direct and maternal components of 200-day weight 
respectively, and aft being an additive genetic (co)variance.

The variance of the random errors is var(e) = R, with R being a block 
diagonal matrix, blocks corresponding to the information available on each 
animal. With 3 traits, a maximum of 7 different blocks (23 - 1) are possible.

This model assumes no maternal effect on 365- or 550-day weights. The 
equations which had to be solved were:

with yijklm(2 0 0 ) 
(365) 
(550)

Fixed^(2 q o) 
(365) 
(500)

sd.
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X,’ R -1Z2 0 x/R_1y
X^R-'Zj hmg X jR -’ y

z,'r_1z2 “ s Zj'R_ I y

Z^R-’Zj+G " 1 "d Z2'R -1 y

Xi and X2 are known incidence matrices for the fixed effects other than herd- 
management-groups, and for herd-management-group effects respectively. Zi and 
Z2 are known incidence matrices for sire and dam effects. 8 is the vector of 
estimates for herd-management-groups, us and u<3 are vectors~of predictions of 
sire and dam effects containing predictions for all animals for each trait 
sequentially. 5; is the vector of records with weaning weight of the first 
animal followed by its final weight if available, etc.

The data were sorted calves within dams within herds, to enable dams and 
herds to be absorbed on input of data. If all hmg's of one herd are 
simultaneously absorbed, covariances between calves by the same dam are ignored 
if she has been transferred to another herd. The remaining equations were 
solved by Gauss-Seidel iteration.

The estimates of the sire solutions were used to derive the following 
estimated breeding values (EBV) for sires:

Sire1s EBV for calves 200-day weight = 2sd
Sire's EBV for daughters' calves 200-day weight = 2gsm + gsd
Sire's EBV for calves 365(550)-day weight = 2§ (365 or 550)

Backsolutions for herd-management-group effects and dam effects are planned.

EBV's were published if their approximate Accuracy (Ac) exceeded 60%. 
Accuracy was calculated by using the inverse of the diagonal element of the 
coefficient matrix Djj after absorption to be:

ACj(200) = 10011 " (Djj/Do)!*1
D0 being the diagonal element for a sire with zero progeny. For the accuracy 
of daughters' calves 200-day weight EBV's the covariances between direct and 
maternal effects were accounted for by inverting the blocks on the diagonal 
for each sire. This approximates the correlation between true breeding value 
and index.

Data and Results:

The data set contained information on animals recorded between 1972 and 
September 1981. The data are generally collected by the breeder. Embryo 
transplant calves, twin calves and calves where any fixed effect was doubtful 
were eliminated. Also records were excluded when the age of the calf at 
weighing was outside the range of 101 to 300 days for 200-day weight and 280 
to 640 days for 365(550)-day weights. The border between 365-and 550-day 
weight was set to be 460 days as no flag indicated the assumed weight. Birth- 
weight was subtracted from all weights. Where birthweight was not known, an 
appropriate value was used taking into account sex, dam age and grade of dam. 
The number of records are given in Table 1.

Since base dams did not have sires identified, 12 dummy sires were used 
to represent the main beef and dairy breeds and their crosses. This was done
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instead of working with different variance components for dams, which would 
have been the alternative.

TABLE 1: Data used in the analysis.

Trait Records

2 0 0 -day weight 16789 Number of sires 266
365-day weight 1929 Number of dams - 13544
550-day weight 934

After constraining to full rank the final system had 1124 equations, 12.1% of 
the cells were filled after absorbtion.

The following variances and covariances were used:

Additive Genetic Error
2 0 0 ,d 2 0 0m 365 500 2 0 0 365 550

2 0 ° 52 25 77 85 2 0 0 400 360 400
200m 6 8 0 0 kg2 and 365 900 840
365 syir.. 315 294 550 1600
550 560

Table 2 gives the estimates of fixed effects for all three traits and 
their approximate standard errors. As can be seen, all effects have quite a 
substantial influence on 200- and 365-day weights, although some dam age groups 
could be pooled. Dam age effects for 200-and 365-day weight are quite similar. 
Only sex and regression of weight on age at weighing were of any influence at 
550 days, but the number of records for this weight was small. Dam age is 
obviously no longer of any importance at 550 days.
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TABLE 2: Estimates of fixed effects (not absorbed) for 200, 365 and 550-day weights and their approximate standard errors.

Fi:

200-day weight (kg) 365-day weight (kg) 550-day weight (kg)

Number
of

<ed Effect Observations
Estimated ! 
Effect

Approx. Number 
Standard of 
Error Observations

Approx. Number 
Estimated Standard of 
Effect Error Observations

Estimated
Effect

Approx.
Standard
Error

Sex Heifers 12348
1986

0
7.25 0.77

1648
35

0
23.06 5.69

629
48

0
66.93 7.97

Bulls 2455 21.75 0.70 246 59.08 2.65 257 142.58 4.18

Dam .Age 18-24 mo 539
1146

0
5.11 1.25

116
257

0
2.09 3.50

16
71

0
-7.32 13.21

1053 13.10 1.29 210 16.19 3.79 66 0.06 14.17
1222 18.17 1.28 211 16.36 3.68 74 -4.34 14.19
777 24.69 1.41 109 24.00 4.25 81 5.06 14.53
981 26.21 1.37 144 18.86 4.11 76 -2.72 14.69
539 29.43 1.58 108 31.02 4.52 83 -2.56 15.03
564 27.76 1.57 83 24.37 4.75 95 -3.60 14.92
360 30.57 1.80 44 35.72 5.90 56 -1.52 15.36
210 32.05 2.15 17 33.22 7.69 3 -24.62 25.71
390 32.03 1.98 67 29.52 6.87 55 4.87 15.70

Unknown! 9008 25.29 1.69 563 27.62 5.21 258 -0.47 14.99 .

Grade of Dam
0 (0%fy 9600 0 - 707 0 - 402 0 -
1 (50%) 5684 16.24 1.28 960 25.86 4.61 494 10.26
2 (75%) 1351 20.50 1.68 210 47.74 5.66 31 -14.07 11.32
3 (88%) 101 30.03 3.15 22 75.48 9.18 3 23.20 64.53
P (100%) 53 71.26 4.51 30 131.27 9.20 4 27.06 52.53

Regression of weight on
age at weighing (kg/day)

12348 0.638 0.010 1648 0.339 0.042 629 0.132 0.070
1986 0.761 0.018 35 0.443 0.156 48 1.047 0.362

Bulls 2455 0.891 0.016 246 0.448 0.073 257 0.571 0.097
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SUMMARY

The application of a Mixed Model Multiple-Trait evaluation 
to estimate breeding values for 200-, 365- and 550-day weights for 
the Australian Simmental breed is described. It accounts for the 
effects of selection at 200 days on estimated breeding values for 
365 and 550 days of age. Direct sire, dam and sire of dam effects 
(random) were included in the models. The model for 200-day weight 
also included random dam and sire of dam maternal effects to estimate 
breeding values for 'Daughters' Calves' 200-day Weight', a reflection 
of genetic potential for milking ability. Fixed effects for dam age 
sex and grade of dam were simultaneously estimated and the results 
are presented.

Zusammenfassung

Die Anwendung eines gemischten Mehrmerkmalsmodell mit dem die Zucht- 
werte fur 200-, 365- und 550-Tagegewicht fur das Australische Fleck- 
vieh geschatzt wurden ist dargestellt. Es berucksichtigt die Selektion 
im Alter von 200 Tagen bei der Berechnung der Zuchtwerte fur 365 und 
550 Tage. Direkte Bullen-, Mutter- und Vater der Mutter Effekte (zufallig) 
waren in dem Modell enthalten. Das Modell fur 200-Tagegewicht enthielt 
zusatzlich einen zufalligen maternalen Effekt fur Mutter und Vater der 
Mutter, urn Zuchtwerte fur '200-Tagegewicht der Kalber der Tochter' zu 
schatzten. Dies spiegelt die genetische Veranlagung fur Milchleistung 
wider. Fixe Effekte fur Alter der Mutter, Geschlecht des Kalbes und 
Genanteil der Kuh wurden gleichzeitig geschatzt. Diese Schatzwerte sind 
dargestellt.
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