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ABSTRACT: In aquaculture breeding schemes families 
must often be pooled prior to tagging, however pooled 
group family survival can be variable. A simulation model 
was used to test the efficacy of using a walk-back selection 
type approach combined with optimized parent selection to 
choose the parents for the next generation from a pool of 
candidates when there may be an unequal distribution of 
offspring across the families present. Simulations were 
completed with equal numbers of offspring from each fami-
ly, compared with “moderate” and “severely” unequal 
numbers from each family, with and without the use of 
walk-back selection. The results showed that when the 
numbers of offspring from each family are unequal, walk-
back selection can be used to add genetic diversity to the 
pool of selection candidates for optimized parent selection 
to meet constraints on coancestry between parents while 
only sacrificing a small amount of genetic progress.  
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Introduction 
 

In aquaculture breeding programs it can often be 
unfeasible to rear families separately until they are large 
enough to tag due to infrastructure constraints, or undesira-
ble due to common environmental effects (Refstie and 
Steine, 1978). In these cases families are usually pooled at 
an early stage and reared together as an untagged popula-
tion, however survival in the pooled group can differ signif-
icantly between families, particularly in species new to aq-
uaculture (Symonds, Moss, Jopson, et al., 2012). This dif-
ference in survival can affect the families present in a geno-
typing sample of elite individuals used to identify selection 
candidates for parents of the next generation, which may 
result in faster accumulation of inbreeding in the population 
compared to populations where the family contributions 
have been equalized.  

 
The aim of this simulation work was to model the 

genetic gain and inbreeding accumulation in an aquaculture 
breeding program using a combination of walk-back and 
optimized parent selection where there are varying degrees 
of unequal family survival.   

 
Materials and Methods 

 
The simulation model was modelled on a small 

aquaculture breeding program, starting from an unrelated 
base population described in Hely, Amer, Walker et al. 
(2013). True breeding values (TBV) for a single trait with a 
heritability (h2) of 0.3 were drawn from a random normal 

distribution with a standard deviation equal to the square 
root of the heritability. Phenotypes were obtained by adding 
a simulated random environmental effect to the TBV.  

 
Parent selection. Parent selection was performed 

using a two-step method that combined a walk-back selec-
tion (Doyle and Herbinger, 1994) type method combined 
with optimal contributions on the pool of selection candi-
dates.  In each generation, the best n individuals by pheno-
type were submitted to the optimal parent selection algo-
rithm, where the optimized parent selection method used 
semi-definite programming to select a set of parents that 
maximize genetic merit while constraining the average re-
latedness. If the optimized parent selection method was 
unable to find a feasible set of parents from the pool of n 
candidates, the next 50 highest ranking individuals by phe-
notype were added to the pool and the parent selection step 
was repeated. The set of parents selected by the optimized 
parent selection method were then assigned to mating pairs 
using linear programming to minimize the coancestry be-
tween mating pairs.  

 
Simulation of offspring. In order to simulate vari-

able family survival in the untagged population, mating 
pairs selected by the linear programming were randomly 
assigned to one of ten “survival bins” using random uni-
form deviate. Each survival bin had an offspring survival 
probability which was a function of an exponent such that 
the number of offspring per family in the pool of candidates 
ranged from equal to severely unequal.  

 
An equal number of offspring per family was used 

as the base scenario, with the levels mild, moderate and 
severely unequal resulting in a progressively smaller num-
ber of families contributing a larger proportion of the off-
spring to the next generation.  

 
Variation of parameters. All simulations ran for 

25 replicates of 7 generations of selection and mating. Av-
erage true breeding values and average inbreeding coeffi-
cients among all offspring were computed by generation for 
the population created in each replicate. Results for the 25 
replicates were average by generation, and the standard 
errors were computed and used to test for significant differ-
ences between replicates.  

 
All simulations used 30 parents of each sex as par-

ents mated in a 1x1 factorial mating design to create 60 
families per generation. The distribution of offspring per 
family was varied to be either equal, moderate or severely 
unequal (Figure 1), and selection was either with or without 



walk-back selection to add additional selection candidates 
for the optimal parent selection algorithm. The number of 
offspring per family was 100 for the simulations with an 
equal distribution of offspring across families, and this was 
adjusted for the unequal distributions to ensure that the total 
number of offspring contributed to the next generation was 
6000.  

 

 
Figure 1. The proportion of the population contributed 
by the families in each survival bin for the three differ-
ent distributions of offspring across families. 

 
 
For the walk-back selection, the initial pool of se-

lection candidates was set to 100, with the number of in-
crements of 50 candidates varied between zero (no walk-
back) and four.   

 
Genetic gain was estimated by the change in the 

average TBV of the population in each generation, in units 
of phenotypic standard deviation. The inbreeding coeffi-
cient was estimated as the average inbreeding coefficient of 
individuals in a generation using the algorithm of Meuwis-
sen and Luo (1992).   

 
Results and Discussion 

 
Figure 2 shows the comparison in genetic gain 

measured as the average TBV of each generation, in units 
of phenotypic standard deviation. The results show that, 
without walk-back selection, the moderate and severely 
unequal family scenarios gave very similar genetic gain to 
the scenario where each family has an equal number of off-
spring contributing to the pool of selection candidates. In 
the scenarios where walk-back selection was used to add 
additional selection candidates for parent selection, the ge-
netic gain slowed from the second generation onwards.  

 

 
Figure 2. The average true breeding value by 

generation for scenarios with equal, moderately unequal 
and severely unequal distributions of offspring across 
families, with and without walk-back selection. 

 
 
Figure 3 shows the average actual inbreeding per-

centage by generation for the three distributions of off-
spring across families, with and without the use of walk-
back selection. There is a very clear split from generation 
two onwards where the scenarios with moderately or highly 
unequal distributions of offspring across families experi-
ence a higher rate of inbreeding accumulation in compari-
son to the scenario where the offspring were equalized 
across families. The rate of increase in inbreeding suggests 
that the optimized parent selection algorithm was unable to 
meet the constraint on inbreeding when selecting a set of 
parents. The introduction of walk-back selection was able 
to slow the rate of inbreeding accumulation in the moder-
ately and severely unequal family scenarios.  

 

 
Figure 3. The average inbreeding percentage by genera-
tion for scenarios with equal, moderately unequal and 
severely unequal distributions of offspring across fami-
lies, with and without walk-back selection. 

 
 
The use of walk-back selection in conjunction with 

optimized parent selection was able to control the rate of 
inbreeding accumulation in the presence of a moderately or 
severely unequal distribution of offspring across families by 
adding genetic diversity to the pool of selection candidates. 
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This leads to a trade off in genetic gain however, as the 
initial pool of candidates was chosen as the elite individuals 
phenotypically, so any further individuals added had lower 
phenotypic values, so selecting these new individuals as 
parents resulted in a drop in genetic gain.    
 

Conclusion 
 
The simulation results suggest that in a small aq-

uaculture breeding program where it is difficult to equalize 
the offspring from each family in the pooled population, 
walk-back selection and optimized parent selection could 
be used to maintain reasonable levels of inbreeding in the 
population. The use of the optimized parent selection will 
maximize genetic gain subject to a constraint on inbreeding, 
however using walk-back selection to add additional selec-
tion candidates was necessary to find a set of parents that 
could meet the inbreeding constraint when there was a 
moderately or severely unequal distribution of offspring 
across families in the population. Some genetic gain was 
sacrificed by using these additional individuals.  
 

Literature Cited 
 
Doyle, R.W., and Herbinger, C.M. (1994). Proc. 5th WCGALP, 

volume 19: 364–371. 
Hely F.S., Amer, P.R., Walker S.P., et al. (2013). Animal 7:1-10. 
Meuwissen, T.H.E., and Luo, Z., (1992). Genet. Sel. Evol. 

24:305–313. 
Pong-Wong R., and Woolliams J.A., (2007). Genet. Sel. Evol. 39: 

3–25. 
Refstie, T. and Steine, T.A., (1978). Aquaculture 14:221–234. 
Symonds, J.E., Roberts, R., Jopson, N.B., et al. (2012). Proc 72nd 

NZSAP, volume 72:216-221   
 


