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INTRODUCTION 
The standard procedure for selecting animals on measured production involves recording the 
various trait measurements together with the identities of the animals. The measurements are 
then converted to an overall index value or estimated breeding value (EBV) for each animal. 
The animals are then ranked on this EBV and the animals required are chosen as those  with 
the highest ranks. Then the animals selected are physically separated from the others by a 
further inspection of the herd or flock. By contrast, traditional subjective selection is often 
done by making a single pass through the population and designating each animal as selected 
or culled  (perhaps with an intermediate class) as soon as it is inspected. This avoids a second 
handling of the animals and can be done without the use of identifying labels such as ear-tags. 
With the development of on-farm real-time wool quality measurement (Hansford, 1999) there 
is a prospect that at shearing time wool weights and quality measurements will become 
available and allow real-time selection decisions in Merinos to be made if desired. Tallis 
(1961) considered a non-parametric procedure, involving the use of an initial sample to 
estimate the cut-off points for selection in the population. He considered various options by 
which the procedure could be used efficiently. The development of computing power since that 
time means that more complex approaches are now feasible. In this study an alternative 
procedure for real-time selection is proposed and evaluated. 
 
METHODS 
Simulation was used to assess a range of real-time selection procedures in relation to the 
optimal method of ranking all animals and choosing the best. The procedures considered were 
based on the concept that as each animal's measurement became available it was converted to a 
standardised deviation from the mean of all animals for which records were so far available. 
They differed in what was assumed known about the distribution of the selection criterion. The 
three assumed situations were : 
1.  {KNOWN} The criterion was assumed to be normally distributed with known mean and 
standard deviation. Each record as it became available was standardised using the known 
parameters, and the animal was selected if its standardised value exceeded the appropriate 
truncation point for the specified proportion selected. 
2.  {UNKNOWN} The criterion was assumed to be normally distributed with unknown mean 
and standard deviation. As each criterion value became available the mean and standard 
deviation were estimated from all values recorded so far, and the latest value was standardised 
using these parameter estimates. If this deviation is denoted as d, then it can be shown that  
d √[n(n – 2)/{(n - 1)2  - nd2}]

  
is distributed as Student's t with n-2 degrees of freedom. This can 

be used to define the cut-off point for selection in this case. 
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3.  {ARBITRARY} The criterion is continuously distributed in an arbitrary form which can be 
monotonically transformed to a normal distribution. In this case, as each record becomes 
available it is ranked in relation to the previously obtained values and the rank is converted to a 
normal order statistic. This normal order statistic is then compared with the appropriate normal 
deviate to decide whether it is selected or culled. 
 
In these procedures there will sometimes be more and sometimes fewer animals selected than 
required. If there is an excess the number can be reduced by culling at random, while if there is 
a deficiency a random sample of culls can be used to make up the required number. 
Populations of 500, 1000 and 2000 normally distributed variates were simulated using the 
routines ran2 and gasdev of Press et al. (1992). As each value was generated, it was assessed 
for selection by each of the three methods for each of five proportions (0.05, 0.1, 0.2, 0.4, 0.8) 
so that the methods were compared on the same simulated data. In addition, each value was 
saved for later ranking, so that the optimal selection procedure could be used as a base for 
evaluation of the real-time procedures. When all of the population had been generated the 
means of the selected and culled values were computed. The number kept for each procedure 
and proportion was also recorded. If this was less than the number required the number was 
made up with animals having the mean of the culled group. This avoided introducing the 
sampling errors that would have occurred had a random sample of culls been used. The 
statistical routines used were taken from those published in Applied Statistics and were 
obtained from the website http://lib.stat.cmu.edu/ . 
The original simulations were run with the cut-off point determined from the proportion 
required to be kept. It seemed likely that for some situations there would be an advantage to 
setting the proportion slightly higher, losing some selection differential when more animals 
than  required were selected, but gaining when fewer culled values had to be added at random.  
Thus some further runs were made in which the proportion selected was set as multiples of 
0.95, 1, 1.05, 1.1 and 1.15 of the required proportion. This was done for a population size of 
1000, and only the results for KNOWN and ARBITRARY methods will be presented. 
In all cases 5000 replicate populations were run, giving standard errors of the selection 
differentials of less than 0.001. The results for populations of 2000 will not be presented as 
they are very similar to those for populations of 1000. 
 
RESULTS AND DISCUSSION 
The mean standardised selection differentials achieved in populations of 500 and 1000 are 
shown in table 1, with values for an infinite population given for comparison. The results show 
that each weakening of assumptions reduces the gain obtained, and that gains are smaller in 
populations of 500 than populations of 1000. However, the loss in going from a known normal 
distribution to an arbitrary distribution is less than that caused by selecting sequentially  rather 
than using a final ranking. This suggests that prior knowledge of the parameters is by no means 
necessary for effective use of real-time selection, especially in larger populations.  Indeed, even 
if the criterion is not normally distributed, the use of transformation to normal order statistics is 
nearly as efficient as estimation of the parameters and use of Student's t. It is therefore 
reasonable to suggest that, since non-normality is likely to be fairly common, an 
implementation of real-time selection should usually be based on the assumption of an 
arbitrary distribution. 
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Table 1. Mean standardised selection differentials achieved by selection of different 
proportions from populations of 1000 (A) and 500 (B) using different methods 
 
                                                       PROPORTION SELECTED 
Method 0.05 0.1 0.2 0.4 0.8 
Infinite 
 

2.0615 1.7521 
 

1.4000 
 

0.9660 
 

0.3500 
 

Ranking     A 
                   B 

2.0576 
2.0510 

1.7521 
1.7487 

1.3958 
1.3920 

0.9645 
0.9640 

0.3479 
0.3467 

Known       A  
                   B 

1.9400 
1.8891 

1.6794 
1.6490 

1.3539 
1.3365 

0.9404 
0.9308 

0.3383 
0.3338 

Unknown   A 
                   B 

1.9079 
1.8311 

1.6626 
1.6203 

1.3471 
1.3236 

0.9370 
0.9250 

0.3365 
0.3309 

Arbitrary    A 
                   B 

1.9100 
1.8323 

1.6632 
1.6187 

1.3465 
1.3216 

0.9354 
0.9223 

0.3363 
0.3306 

  

In Table 2 are shown the mean selection differentials achieved when various multiples of the 
proportion required are used to determine the cut-off point for selection in order to avoid 
problems with the selection of too small a number, which have to be supplemented with 
random replacements from the culls. It is to be expected that this will be a greater problem with 
more intense selection, and the results in table 2 show that this is true, so that with 5 % as the 
required proportion the selection cutoff is best set for about 5.5 %. However, with higher 
proportions required it is best to use the required proportion to set the selection cut-off. In these 
cases the loss from selecting too many cannot be compensated by the higher fraction of 
samples in which no supplementation from the culls is needed. As real-time selection will 
probably be of more interest in situations in which a substantial proportion of the population is 
required to be kept, there seems little point in pursuing further the question of setting an 
optimal cut-off point, though this could be done quite simply by trial and error if desired.   
 
Table 2. Mean standardised selection differentials achieved by selection of different 
multiples of proportions required from populations of 1000 using two different methods 
 
                                                        PROPORTION SELECTED 
Method 0.05 0.1 0.2 0.4 0.8 
Known     0.95  
                1.00 
                1.05 
                1.10 
                1.15  

1.8993 
1.9400 
1.9690 
1.9794 
1.9789 

1.6447 
1.6794 
1.6966 
1.6944 
1.6823 

1.3263 
1.3539 
1.3586 
1.3423 
1.3199 

0.9185 
0.9404 
0.9278 
0.8954 
0.8624 

0.3239 
0.3383 
0.2900 
0.2269 
0.1616 

Arbitrary 0.95   
                1.00 
                1.05 
                1.10 
                1.15 

1.8575 
1.9100 
1.9410 
1.9583 
1.9660 

1.6237 
1.6632 
1.6829 
1.6823 
1.6742 

1.3135 
1.3465 
1.3527 
1.3354 
1.3149 

0.9127 
0.9354 
0.9248 
0.8911 
0.8595 

0.3225 
0.3363 
0.2874 
0.2231 
0.1587 
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Implementation of real-time selection would most likely be done using the required proportion 
to define the cut-off, unless reasonably intense selection (say 10 % or less of the population to 
be kept) was to be used. 
When animals are frequently handled and permanently identified there will be no difficulty in 
making a ranking and then sorting through the population to locate those animals with the 
highest ranks. But in less intensively farmed livestock, such as Australian Merino sheep, there 
may be a place for real-time selection, especially of females. In such a case the work reported 
here shows that it can be done with a rather small loss in selection differential, and that the 
absence of estimates of population parameters does not constitute a serious problem. 
Corrections for effects such as type of birth and rearing, maternal age and so on would need to 
be standard and not estimated from the data, but this is commonly done anyway. Equally, the 
fact that the distribution of the selection criterion is not normal is not a great limitation. It is 
assumed that the order in which the measurements become available is a random sequence, and 
this assumption must be satisfied. For example, if the largest animals were consistently the last 
ones to be measured, the methods described here would not work if animal size were correlated 
with the selection criterion. If this were thought to be probable, it would be wise to check for 
sequence trends in the criterion before using real-time selection. 
Various improvements would be possible. For instance, a small group of reserve animals with 
criterion values just below the cut-off could be set aside for use as supplementary animals if 
the number selected should prove insufficient, rather than simply using a random sample of the 
culls. This strategy was investigated by Tallis (1961) for his procedure and shown to be 
advantageous. It would slightly complicate the procedure discussed here, but would give a 
small improvement. To keep matters as simple as possible, it has not been investigated here. 
Implementing real-time selection would present no computing difficulties, but organisation of 
the labour force would perhaps be the most difficult aspect of carrying it out. 
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