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INTRODUCTION 
In a population under selection the first goal is to increase the genetic level. The second goal is 
to keep under control the inbreeding coefficient. Since Robertson (1961), a lot of papers dealt 
with these two problems. Caballero et al. (1996) made a comparison of various system of 
mating to reduce inbreeding in selected populations. All these systems assume that the selected 
individuals were those with the highest performance. Therefore, rates of response to selection 
is supposed to be little affected by the mating procedure. For phenotypic and BLUP selections, 
minimum coancestry and compensatory mating strategies reduce rate of inbreeding. Under 
high inbreeding, even avoidance of sib matings are effective. Optimum Contribution selection 
methods maximize genetic level while constraining the inbreeding coefficient (Grundy et al., 
1998 ; Meuwissen and Sonesson, 1998). These methods choose the selected parents and give 
genetic contributions to the next generation for each selected candidates. They can be 
combined with mating schemes (Sonesson and Meuwissen, 2000). The improved family 
structure due to non-random mating increases selection response. Wang (1996) describes more 
efficient breeding systems for controlling inbreeding in unselected animal populations. One of 
these is the “random nonsib herd mating”. It increases effective size without increasing 
inbreeding in any generation.  The scheme can be regarded as a special case of population 
subdivision with random migration of males and no migration of females among the 
subpopulations (herds). The effect on effective size results from the particular subdivision of 
the population, not from the exclusion of sib-matings. However in this study, selection is 
absent. Such “random nonsib herd mating” is used to manage selected rabbit lines (Kerdiles 
and Rochambeau, 2002).  
The aim of this paper is to investigate the rates of genetic response and rates of inbreeding for 
various systems of management of selected populations with discrete generations. 
 
MATERIAL AND METHODS 
Simulation procedure. Artificial selection was practiced on a trait controlled by 400 loci. The 
loci were independent, had equal effect and there was no dominance. In generation 0 there was 
720 founder individuals. At each locus the effect of each founder gene was drawn at random 
between two values, 0 or a>0. The value for a was calculated in order to have an initial 
heritability h² equal to 0.6. In generation 0, individual environmental deviations were assumed 
to be normally distributed with means zero and variance 1 – h². Truncation selection on 
phenotypic values was carried out at each generation. The selected trait was recorded on both 
sexes before selection. Twelve males and 60 females were selected. There were 250 replicated 
simulations over 20 discrete generations. 
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Selection and mating schemes. For the random mating scheme (RM), a sire and a dam were 
allocated at random for each newborn progeny. RM could be combined with avoidance of full 
and half-sib matings (AFS) and with a control of the number of males and females selected 
from each sire and dam (CFS). Each sire had 2 selected sons and 6 selected daughters as a 
maximum; each dam had one selected son and 3 selected daughters as a maximum. 
 
For the hierarchical mating system (HM), each sire was mated to 5 dams randomly chosen 
without replacement from the selected population. HM could be combined with avoidance of 
full and half-sib matings (AFS) and with a control of the number of males and females selected 
from each sire and dam (CFS). 
 
For the group system (GR), the 60 dams were divided into n groups (n = 4, 6 or 12). They were 
12/n sires per group. One dam was allocated at random for each new born progeny and was 
mated with one of the sire of the group, chosen at random. At the next generation, the 12/n best 
sons of the group replaced their sires. The best 60 daughters were chosen on their phenotypic 
values. They were affected to one group, which could not be the group of their brothers. This 
system is close to the “random nonsib herd mating” proposed by Wang (1997). 
 
For the family system (FA), the 60 dams were divided into n groups (n = 2, 4, 6 or 12). They 
were 12/n sires per group. One dam was allocated at random for each new born progeny and 
was mated with one of the sire of the family, chosen at random. At the next generation, the 
12/n best sons of the family replaced their sires. The best 60/n daughters from each family 
were chosen on their phenotypic values. They were affected to one family, which could not be 
the group of their brothers. This system is close to the “selection within families” described by 
Dempfle (1975). With n = 2, the group system and the family system were identical. 
 
RESULTS 
Table 1 shows the average rate of inbreeding between generations 10 and 20 (∆F), the genetic 
level at generation 20 (G20) and the additive genetic standard deviation at generation 20 (σG20) 
for different selection and mating schemes. Results are expressed as a percentage of those with 
random mating (RM). All schemes, with the exception of the hierarchical mating scheme, 
produced a significant reduction in the rate of inbreeding relative to the case of random mating. 
All schemes had generally little effect on the response to selection. The loss of response was 
minimal for the hierarchical mating scheme, for the group schemes with 4 or 6 groups, and for 
the family schemes with 2 or 4 families. The largest reduction in response to selection (about 
9%) occurred with 12 families. With the same scheme, the reduction of the average rate of 
inbreeding reached a peak at 38%. All schemes, with the exception of the hierarchical mating 
scheme, had a higher additive genetic standard deviation at generation 20 relative to the case of 
random mating. With the 12-family scheme, the increase peaked at 15%. 
 
The hierarchical mating scheme, combined with an avoidance of sib mating and a control of 
family size combined no loss on the genetic level at generation 20, with a lower rate of 
inbreeding (- 20%) and a higher additive genetic standard deviation at generation 20 ( + 7%). 
 

Session 26. Management of genetic diversity Communication N° 26-18 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

The 12-group scheme had a lower average of inbreeding (- 27%) and a higher additive genetic 
standard deviation at generation 20 (+ 9%). However, there was a significant loss of response 
to selection (- 6%). Therefore the 6-group scheme and the 4-group scheme were more 
convenient at generation 20. 
The 4-family scheme produced a smaller reduction of the rate of inbreeding (- 15%) and a 
lower additive genetic standard deviation at generation 20 (+ 5%) in comparison to the 
hierarchical mating scheme, combined with an avoidance of sib mating and a control of family 
size. This scheme gave practically the same genetic level (- 2%), than the random mating 
scheme. However, the 6- and 12-family schemes produced a significant reduction of the 
genetic level at generation 20 ( -4 and – 9%). As a consequence, they had a higher reduction of 
the average rate of inbreeding (-23 and –38 %) and a greater additive genetic standard 
deviation at generation 20 (+ 8 and + 15%). 
 
Table 1. Average rate of inbreeding between generations 10 and 20 (∆F), genetic level at 
generation 20 (G20) and additive genetic standard deviation at generation 20 (σG20) for 
different selection and mating schemes (Results are expressed as a percentage deviation 
from those with random mating (RM)). ASM : avoidance of sib mating, CFS : control of 
family size, HM : hierarchical mating, GR : groups, FA : families, n : number of groups 
or families 
 

  ∆F/gen   (%) G20   (σP units) σG20  (σP units) 
 1,62 13,8 0,462 

ASM 95 100 101 RM 
CFS 78 97 106 

 112 99 98 HM ASM + CFS 80 98 107 
n = 4 88 99 104 
n = 6 83 98 106 GR 

n = 12 73 94 109 
n = 2 93 100 102 
n = 4 85 98 105 
n = 6 77 96 108 FA 

n = 12 62 91 115 
 
DISCUSSION 
Simulation procedure. The selected trait was controlled by 400 independent loci, with equal 
effect and no dominance. Therefore our simulations are close to an infinitesimal model. 
Truncation selection on phenotypic values on a trait with heritability equal to 0.6 is an accurate 
selection method. 
 
Selection and mating procedures. Generations were discrete. The population had 720 
offspring, 12 sires and 60 dams per generation. This population is very similar to a small 
selected line of rabbits. Caballero et al. (1996) studied a wider range of population size (8 to 32 
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sires, 16 to 64 dams with 2 to 8 offspring per dam and per generation). Sonesson and 
Meuwissen had 100 or 200 candidates per generation with a variable number of dams and sires. 
The family system with 2 to 12 families looks like the selection within families. This system is 
often used in mice selection experiments. Dempfle (1975) has demonstrated that it is a good 
way to increase the limit of selection. With 6 families, we observed a slight decrease of the 
genetic level at generation 20 (- 4%) and a significant reduction of the average rate of 
inbreeding (- 13%). 
 
The group system is effective to reduce the average rate of inbreeding at the same genetic 
level. However, with 12 sires and 60 dams, having  6 groups is better than 12. The latter system 
is penalized by a significant reduction of the genetic level (- 6% at generation 20). In another 
connection, hierarchical mating with avoidance of sib mating and control of family size gives 
better results. The genetic level is equal to the genetic level observed with random mating. The 
reduction of the average rate of inbreeding reaches 20 %. 
 
The decrease of the average rate of inbreeding presented in this paper are of the same 
magnitude than those presented by Caballero et al. (1996). It must be outlined that the 
avoidance of sib mating, the control of family size, the group or family systems are easy to 
implement. It is only necessary to control the sire and the dam of each offspring. When 
computer facilities are available to manage the population, much elaborate systems can be used 
like minimum coancestry matings or matings with minimum variance of the contribution 
(Caballero et al., 1996). Optimum contribution selection methods maximise genetic response 
while constraining inbreeding by restricting the coancestry among selected parents. For the 
same rate of inbreeding, the increase of genetic level can reach 44 % (Grundy et al, 1998 ; 
Meuwissen and Sonesson, 1998). Combining this dynamic selection rule with a mating 
schemes gives more genetic response (Sonesson and Meuwissen, 2000). 
 
Therefore further work is needed to test the group system with BLUP and overlapping 
generations and to adapt the group system as a mating scheme adequate for the optimum 
contribution selection methods. 
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