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6. Selection

The potential breeders will be ranked according to their estimated breeding values 
based on information of their own performance and the performance of their full-sibs 
and half-sibs. 

6.1.  Data analysis

In order to estimate the individual breeding values, the data collected have to be 
rigorously analyzed.  Usually, it will be necessary to ‘correct’ the grow-out records 
for major environmental effects, such as environment, batch, and replicate.  Because 
males generally grow faster than females, sex of the fish should also be taken into 
consideration.  The test fish will often be produced over a period of about 60 days, so 
that an adjustment for age at harvesting will also be desirable.

There are different ways in which the information can be processed, and a variety of 
models that may be fitted to the data, to a large extent, dictated by the specific structure 
of the records.  For instance, we may decide to pre-adjust the data for environmental 
effects and use conventional selection index theory to combine the information from 
the individual and its full and half-sibs.  Alternatively, we may use BLUP procedures, 
which enable the simultaneous adjustment for environmental effects and estimation of 
breeding values.

Details on the procedures used in the estimation of breeding values and adjustment for 
environmental effects can be found from several sources.  Reddy et al. (1999) provide 
an excellent account of the use of conventional selection index methodology applied 
to a selection program for fish.  Cameron (1997) and Kinghorn, van der Werf and 
Ryan (2000) provide introductions to BLUP methodology.  Bourdon (1997) provides 
a comprehensive coverage of animal breeding theory, whereas Ponzoni (1992) gives 
details on the overall aspects of design of genetic improvement programs.

Researchers that have undergone the necessary training in animal breeding and genetics 
may feel confident about doing the analysis themselves.  By contrast, those that do not 
feel confident enough or lack the necessary software, may decide to seek help from 
a genetics-statistics group or person.  In any case, the WorldFish Center, through the 
Breeding and Genetic Enhancement section of the Biodiversity and Genetic Resources 
Research Program, can provide support to relevant partners in this area.
 

6.2.  A comment on heritability estimates used in the   
        calculation of breeding values

The heritability of a trait may be defined as the proportion of parental superiority that 
is transmitted to the next generation.  It is estimated as the ratio between the additive 
genetic variance and the phenotypic variance of the trait in question.  The heritability is 
used in the estimation of breeding values for selection purposes.
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Typically, in genetic evaluation, the heritability estimates used in the estimation of 
breeding values do not come from the same data set for which the breeding values are 
being estimated.  Rather, they come from other, generally earlier and comprehensive 
studies of phenotypic and genetic parameters for the trait(s) in question.  In the case 
of tropical fish we often face the problem of lack of prior estimates of heritability, 
and some researchers have resorted to estimating heritability from the same data set 
for which breeding values are being estimated.  Researchers following this approach 
should be cautious because the heritability estimates from single data sets may have 
large standard errors and be subject to bias due to selection of the parents.

Estimating the heritability from the data set for which we want to estimate breeding 
values is, nevertheless, useful but the estimates thus obtained should be compared with 
those reported by other researchers for strains and environments as close as possible to 
the one in question.  Sometimes, a decision based on common sense has to be made 
when choosing the estimate to be used.  The WorldFish Center can provide assistance to 
researchers facing uncertainties in this area.

When more than one trait is involved, correlations (phenotypic and genetic) are also 
required for multi-trait estimation of breeding values.  The same comments as those 
made with regard to heritability apply to the choice of correlation values. 

6.3.  Selection of breeders

Ideally, we would produce the next generation from only the very best individuals in 
terms of breeding values.  In practice, however, we need to balance selection intensity 
with the effective population size, which is directly related to the accumulation of 
inbreeding.

To obtain an acceptable genetic gain and to hold the accumulation of inbreeding at a 
low rate, the effective population size (Ne) must be relatively high.  Ne is not necessarily 
equal to the population census size, and it is calculated as:

            Ne = 4 Nf Nm / (Nf + Nm)

where  Nf and Nm  represent the number of females and males used as parents in each 
generation.  For example, if 50 males and 100 females were used, Ne would be equal 
to approx. 133.  Note that when Nf = Nm ,  Ne = Nf + Nm.  An Ne of 100 is usually 
considered as a minimum.  This population size would contain inbreeding at a rate of 
less than 1.0 per cent per generation, which would be satisfactory.

With combined and BLUP selection, it is likely that the best animals turn out to be 
highly related to each other.  The selection of individuals that are highly related reduces 
the effective population size.  As an additional precaution to contain the accumulation 
of inbreeding, it is wise to ensure that no less than 30 to 40 sires and dams of the 
previous generation are represented in the selected individuals.  There are computer 
programs that, given the estimated breeding values and the pedigree relation among 
the selection candidates, can help in achieving a balance between genetic gain and 
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increase in inbreeding.  In the interest of the long-term sustainability of the genetic 
improvement program, this is an area in which researchers responsible for such 
programs are encouraged to seek advice.

Note that in addition to considerations related to breeding values and pedigree 
relations, it will usually be necessary to set up matings in such a way that male and 
female breeders are not too dissimilar in size from each other, to prevent the larger 
individual from injuring the smaller one.
 
6.4.  Back-up of potential breeders

Individuals with breeding values ranked slightly below but next to those selected as 
breeders from each set of parents of the previous generation should be kept as back-ups 
in case of tag losses, mortalities or escapes during breeding. These fish can be kept in 
B-net hapas during the breeding period and conditioned in the same way as the selected 
breeders, so that they are ready in case they are needed.  It is wise to keep no less than 
three back-ups of each selected individual. 




