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Introduction 
In fish species, different kinds of breeding programs are carried out ranging from very simple 
individual selection programs without any pedigree knowledge to familial selection program. 
In France, an improved individual selection program (Prosper – Chevassus, Quillet, Krieg et 
al, 2004) is used by several breeding companies because of its efficiency and reasonable 
cost. Its initial aim is to select for improved weight without knowing pedigrees. Now, 
breeding companies need to improve this program to be able to select on lethal traits such as 
carcass or fillet yields. Typically, a first individual selection is carried out on weight or 
length without knowing pedigrees. Then, these pre-selected animals are genotyped to recover 
pedigrees. Part of these animals is slaughtered and breeding values are estimated for living 
animals using BLUP methodology applied to an animal model. The problem is that BLUP is 
known unbiased if all culling operations and all pedigrees are known which is, clearly, not 
the case here. Moreover, culling on weight is strong, keeping only a few percents of the 
animals. If the bias is too high, it can be envisaged to keep unselected animals in parallel 
which will be genotyped and slaughtered for estimation of breeding values of the pre-
selected animals. This paper uses stochastic simulations to estimate the bias of BLUP 
estimates induced by the culling on weight without keeping information. 

 

Material and methods 
A program was written in Fortran 90 to simulate one selection cycle according to a polygenic 
model. Two traits are simulated. Additive genetic values for the parents are drawn from a 
multinormal distribution. Animals are mated according to a factorial by set design, ie several 
full factorial designs of 10 sires and 10 dams. Then for each offspring, phenotypic values are 
calculated from additive genetic values from its parents, a term accounting for mendelian 
sampling and a random environmental effect drawn from a multinormal distribution. 
Initial values of additive genetic variance and environmental variance are chosen to study 
several combinations of parameters heritability for trait 1: 0.1 or 0.5, heritability for trait 2: 
0.1 or 0.5, genetic correlation: 0.1 or 0.8. Two population sizes are studied: 20 000 or 60 000 
offspring. Two proportions of selected animals after selection on both traits are considered: 
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0.1 or 5 %. Two possibilities for the number of animals kept after selection on the first trait 
are studied: either 10 fold the number of broodstock needed, either twice this number. 
Finally, each situation was replicated 100 times. 
 
A first selection is made on trait 1 by sorting animals according to their phenotypic values. 
The BLUP values are estimated for the second trait with Miztal’s program, blupf90. BLUP 
values are estimated considering all data (performances and pedigrees) known (N method) or 
considering that all data from selection on first trait are lost (T method). To compare N and T 
methods, BLUP precision ie genetic correlation between true and estimated values is 
calculated for each method (rN and rT). Then to evaluate efficiency of T method compared 
to N method, ratio E=100*rT/rN is calculated. This ratio is estimated for sire evaluation 
(lethal traits which are measured only on slaughtered animals) and for offspring evaluation. 
The closer this ratio is to 100, the more equivalent are the N and T methods. 

 

Results and discussion 
Population size has no effect on ratio E. Thus only results for total population size of 20 000 
are presented here. E is presented for each situation in Figure 1 for sire evaluation and Figure 
2 for offspring evaluation.  
 
Concerning sire evaluation, the E ratio is highly variable ranging from 30 to 95 %. Then the 
problem of unknown data will have nearly no impact in some cases while in others, it can 
leads to highly biased BLUP estimates. Genetic correlation has high impact on E. When 
genetic correlation is high, BLUP estimates in T situation are less biased because lost 
information on trait 1 can be ‘reconstituted’ through this high correlation. The heritability of 
the second trait has also an impact on E, the higher the heritability, the higher E, ie the lower 
BLUP bias. Moreover, when heritability of the second trait is high the effect of low genetic 
correlation is less important. The level of heritability for trait 1 has little impact. Finally, 
selection management has important impact on E. If selection is reasonable (5 % of selected 
animals on both traits and number of animals kept after first selection equal ten fold the 
number of breeding animals needed), then E is always over 80 %. On the opposite, drastic 
selections can lead to very biased BLUP estimates.   
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Figure 1: E ratio in different situations, when sires are evaluated 
a- heritability of second trait 0.5 b- heritability of second trait 0.1 
 
Concerning individual evaluation, E is little less variable, ranging from 49 to 98 %. 
However, still some situations lead to highly biased BLUP estimates. Heritability of the 
second trait has a very important effect: when it is high (0.5), E is always over 80 % (except 
in one situation in which E is 70 %) whatever the other parameters. However, when 
heritability of second trait is low (0.1), the bias is always high and the effect of parameters of 
selection management is very important. However, one must remember that BLUP estimates 
in case of offspring evaluation are very imprecise, so that when E is close to 100 %, it does 
not mean that BLUP estimates are very precise: it means that precision is not better whatever 
all data and pedigrees are known or not. 
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Figure 2: E ratios in different situations, when offspring are evaluated 
a- heritability of second trait 0.5 b- heritability of second trait 0.1 
 

Conclusion 
Our work shows that BLUP estimates can be highly biased when part of data and pedigrees 
are unknown. Moreover, this bias is highly variable according to heritability of second trait 
selected, genetic correlation between traits and selection management. This will help to 
optimize the design of selection programs in fish species. 
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