


• Selection within group genotypes -  increased selection intensity within poorer group geno
types may tend to upwardly bias the estimation of FFGM's  for the poorer foundation 
group.

Table 2. The accuracy in percentage units of estimating the genetic difference between foundation 
nucleus and base flocks for the migration patterns shown in Table 1. Results are given for different 
flock sizes (Nucleus/Base) and ratios of a jl t f  (groups random) at each of generations 1 to 5. 
For groups fixed, the squared standard error of the group contrast is given in units of phenotypic 
variance within groups.

Flock Size Generation

G rou ps R andom
Ratio o f  / a?

G rou ps F ixed
V a r (g -g )

100 10 4.84 1 0.1
1 45.05 89.13 94.46 98.80 99.88 0.0122
2 62.26 94.28 97.17 99.40 99.94 0.0061

10/90 3 80.11 97.58 98.82 99.75 99.98 0.0025
4 96.70 99.66 99.84 99.97 100.00 0.0003
5 99.97 100.00 100.00 100.00 100.00 small
1 89.13 98.80 99.42 99.88 99.99 0.0012
2 94.28 99.40 99.71 99.94 99.99 0.0006

100/900 3 97.58 99.75 99.88 99.98 100.00 0.0002
4 99.66 99.97 99.98 100.00 100.00 small
5 100.00 100.00 100.00 100.00 100.00 small

Notwithstanding this, the results indicate that migration to maximise direct genetic gain in 
a simple 2-tier open nucleus system as modelled is very adequate for genetically linking the 
nucleus with the base. Any change from these migration rates to improve genetic links seems 
likely to be of little value, especially as it might have a negative influence on direct gains.

However, this conclusion is somewhat limited to the simple scheme modelled. It does not cover 
the following:

• The ’base flock’ in an open nucleus scheme rarely consists of a single flock. There are 
typically 5 - 1 5  flocks in a second tier, and possibly more in lower tiers. Lack of migration 
between base flocks is normal, and estimation of flock genetic values depends on linkage 
through the nucleus.

• With selection based on across-flock EBV's, migration patterns will not be so regular. 
Flocks perceived to be of lower genetic value will be more isolated.

• Migration between otherwise isolated open nucleus schemes may not have a regular pat
tern, such that special attention to setting up genetic links becomes warranted.

The models discussed in this paper have not been used to test these situations. Given a 
more realistic, multi-scheme scenario, it is possible that migration set up to make genetic gain 
attributable to factors 1 and 2 (as described above) may constitute a significantly non-optimal 
overall design. The question arises: How do we balance migration for connectedness with 
migration for maximising genetic selection differentials and genetic variation?
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A COMPREHENSIVE APPROACH TO BREEDING PLANS

No simple solution is provided for the last question, but a general approach is suggested:

A . Develop an objective function which describes net economic gain as a function of selections 
and mate allocations.

B . Develop and implement a mate selection algorithm which maximises the objective func
tion.

Such an objective function could be seen as a breeding index which incorporates attention to 
not just a number of traits, but to a number of issues of importance in animal breeding:

1. Selection  value -  as indicated by Estimated Breeding Value.

2. A ssortative m ating -  giving increased genetic variation as in open nucleus schemes and 
Dairy 4-pathway structures.

3. C on n ection  -  giving better power to compare animals (or genetic groups) born and/or 
evaluated in different fixed effects groups.

4. L ifetim e value -  of importance where selected animals continue to yield products.

5. P aram eter estim ation  -  where outside estimates are unreliable.

6. M easurem ent strategies -  which animals to progeny test or measure more intensively?

7. C rossbreeding  value -  exploitation of breed differences and heterosis.

8. R unning  costs -  accounting for the costs of selecting, migrating and mating.

9. O thers -  including factors related to inbreeding,reproductive manipulation, exploiting 
major genes and risk.

This approach can actually set up a designed breeding program, through appropriate use of 
a mate selection algorithm. Items 1 and 4 have been considered simultaneously in an index 
(James, 1978), and items 1, 7 a.nd 8 have dictated breeding programs using an index with a 
mate selection algorithm (Kinghorn, 1986).

This paper has discussed the first 3 items. An objective function incorporating connectedness 
must recognise both the increased gains which follow generation of useful information, and any 
shorter- term compromises involved in generating this information. A mate selection algorithm 
to maximise such a function would be more complex than that used by Kinghorn (1986). This 
is because the value of any one mating would depend on what other matings take place -  in 
the past, in the present and in the future.

A challenge which remains in quantitative genetics is to develop a unified index method which 
’automatically’ accommodates the various issues of importance for maximising net benefits in 
the longer term. We currently tend to accommodate these issues by implementing separate sets 
of rules. Each of these sets is known to be appropriate on its own, but the best way to combine 
them in a real breeding program is often unclear. A grand unified theory is currently elusive, 
but it would solve this problem and probably reveal some unforeseen breeding designs.
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