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Introduction 

The giant tiger shrimp (Penaeus monodon) is an aquaculture species, only recently 
domesticated at a commercial-scale, for which genetic improvement programs are now being 
developed. The species possesses characteristics highly suited to genetic improvement, such 
as high fecundity and short generation interval, but also characteristics more problematic. 
Being a ’closed thelycum’ species (i.e. the thelycum being the female sperm receptacle), 
artificial insemination (AI) is much more difficult in P. monodon than in most other ’open 
thelycum’ shrimp species. In P. monodon, mating can only occur once a female has ’molted’ 
meaning that in order to use AI in breeding programs, molting of individual females must be 
monitored, and females must be impregnated immediately after molting when they are ’soft’ 
and therefore prone to handling stress. Furthermore, as females are inseminated at a time 
when they do not possess mature eggs, the success of spawning and viable family production 
is unknown until some time after AI has been performed. Due to the difficulty in using AI to 
reproduce families in P. monodon breeding programs, efforts in Australian programs have 
focused on developing alternative approaches using natural mating.  

Several P. monodon programs operating in Australia are currently employing microsatellite 
markers for pedigree management to overcome difficulties of physical tagging, and natural 
mating to overcome the need to use AI for reproduction. Importantly, there is a need to 
optimize the natural mating approaches being employed to ensure inbreeding is managed 
effectively and the longevity of the microsatellite markers preserved, while ensuring 
continued genetic gains. By controlling the allocation of parental stocks to pools (i.e. smaller 
groups of individuals within tanks) in which they can mate naturally, there is the opportunity 
for the programs to produce their progeny families without need for artificial insemination of 
the parental stocks, while restricting inbreeding and loss of microsatellite marker allele 
diversity in their breeding populations over successive generations. Importantly, an 
understanding of the longer term outcomes of different mating scenarios is critical when 
specifying parameters within the allocation algorithms to ensure optimal allocation of 
parental stocks to mating pools in the commercial programs.  

Replicated stochastic simulations have been used for cultured fish and shellfish species to 
investigate the long term effects of different population structures and mating designs on 
genetic gain and variability in mass- and marked-assisted selection programs (Gjerde et al. 
1996; Bentsen and Oleson 2002; Dupont Nivet et al. 2006; Hayes et al. 2007). Theoretical 
studies have also used simulations to examine the effect of different mating strategies, 
varying in the assortment of mates depending on their phenotypic values, on additive genetic 
variation in the breeding populations (e.g. Lstiburek et al. 2004). In the present study, we use 
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simulation to investigate the effect of different natural mating scenarios on the levels of 
inbreeding; numbers of microsatellite marker alleles; and trait values, in simulated 
P. monodon populations, given the unique range of biological and typical practical 
constraints imposed in managing a breeding program for this species using natural mating. 
The three natural mating scenarios chosen are all feasible for a real breeding program with 
access to a modest number of mating tanks and a set of pedigree markers.  

Material and methods 

Simulated base, founder and final populations were generated as follows. Each generation, 
96 parental stocks (broodstock) per sex were selected from a large population of 3,200 
animals being reared in a ‘communal environment’. These selected broodstock were 
allocated to four mating tanks or ’pools’; with 24 males and females allocated to each pool.  

In P. monodon mating is associated with the molt cycle in females and spawning typically 
takes place 5-15 days after molting (e.g. Coman et al. 2006). The molt cycle was explicitly 
simulated for females, and any male within the pool was able to mate with any female 
providing he hadn’t mated within the previous 10 day period; this being a biological 
limitation of reproduction in the males. In commercial hatcheries, females are removed from 
the mating tanks for spawning (i.e. females are spawned in individual tanks). In the 
simulated populations only the progeny of the first 32 females to spawn were kept for use as 
future broodstock. From each the 32 spawnings 100 progeny were retained in the communal 
environment, and made available as selection candidates for the next generation.    

The phenotypic performance of the populations were simulated for a polygenic trait with a 
heritability of 0.3; a coefficient of variation (CV) of 20% (these values being typical of those 
reported in prior shrimp studies for body weight; e.g. Hetzel et al. 2000; Perez-Rostro and 
Ibarra 2003; Gitterle et al. 2005); and a mean base population trait value of 25.0 (this being a 
typical harvest body weight for P. monodon). As inbreeding depression has not been 
investigated extensively in most aquaculture species (including shrimp), and has been shown 
to vary between species and traits in the studies which have examined it (Bentsen and Oleson 
2002), inbreeding depression was not accounted for in the present simulations.  

The simulated founder populations used in the present study were generated from a base 
population where each individual animal had a unique allele at each of the 12 unlinked 
microsatellite loci; these loci being neutral, having no effect on the phenotype. The founder 
populations were the result of 24 years of random mating of 96 individuals per sex, randomly 
allocated to the four mating pools (i.e. ’founder‘; Table 1).  

Three natural mating scenarios were evaluated. In the first scenario, individuals (i.e. 96 per 
sex) were randomly chosen (unselected) from the communal rearing environment and 
randomly allocated to four mating pools (i.e. ‘random’ scenario). In the second scenario, 
individuals with the highest phenotypic value were selected from the communal rearing 
environment and randomly allocated to the mating pools (i.e. ‘uncontrolled’ scenario). In the 
third scenario, individuals with the highest phenotypic value were selected from the 
communal rearing environment and allocated to four mating pools according to an algorithm 
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(i.e. ‘planned’ scenario). Animals in the planned scenario were allocated to pools such that 
the relationship between same sex individuals was maximized within each pool, and the 
relationship between opposite sex individuals was minimized. We based pool allocations on 
true pedigree rather than on pedigree inferred from the markers for two reasons. Firstly, in 
practice it is unlikely that the same set of markers would be used over a 20 year breeding 
program, and secondly, although of interest, for this study we did not want a decline in the 
accuracy of inferred pedigree over time to complicate the interpretation of the results. 

Means of parameters of interest were estimated from 40 repeated runs of the simulation for 
each mating scenario. The rate of inbreeding (∆F), maximum rate of inbreeding per mating 
pool, trait value, and number of marker alleles remaining in the simulated populations were 
determined for each of the three scenarios after 20 generations from the founder population. 
The original trait value and number of alleles of the founder population was presented as an 
average across the three natural mating scenarios.  

Results and discussion 
Means (± SEM) of parameters of interest for the founder population, and for each of the 
three natural mating scenarios after 20 generations, are shown in Table 1. For all three 
natural mating scenarios, significant increases in ∆F and maximum ∆F per mating pool 
(F = 0.157 ± 0.001 for the founders), and a decrease in the numbers of marker alleles, were 
found relative to the founder population after 20 generations.  
 
Among the natural mating scenarios, the ∆F differed between all three scenarios, being 
higher for the uncontrolled scenario and lower for the random scenario. Maximum ∆F per 
mating pool was significantly higher in the uncontrolled than the other two scenarios; 
however no difference was found between random and planned scenarios. 
 
Table 1: Rates of inbreeding, trait values and numbers of marker alleles derived from 
simulations for the three natural mating scenarios over 20 generations 

Natural mating 
Scenario 

∆F  
 (Mean±SEM) 

Maximum ∆F  
per  mating pool 
(Mean±SEM) 

Trait value  * 
(Mean±SEM) 

Number of 
marker alleles  
(Mean±SEM) 

founder    24.9 ± 0.2 10.24 ± 0.06 
random  0.121 ± 0.002 0.087 ± 0.011 25.3 ± 03 5.96 ± 0.07 
uncontrolled  0.229 ± 0.003 0.200 ± 0.009 64.5 ± 0.3 4.32 ± 0.07 
planned  0.191 ± 0.002 0.083 ± 0.007 64.4 ± 0.4 4.44 ± 0.05 
* Assuming no effect of inbreeding depression trait performance 

 
The number of marker alleles remaining after 20 generations was higher in the random than 
the other scenarios; and marginally higher in the planned than the uncontrolled scenario. As 
expected, the final trait values were comparable in the planned and uncontrolled scenarios; 
with both being significantly higher than the random scenario. 
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The simulation results found that planned mating restricted inbreeding of the phenotypically 
selected broodstock more effectively than uncontrolled mating. Furthermore, planned mating 
restricted the maximum inbreeding per mating pool to levels comparable to the random 
mating of unselected broodstock. As the most critical issue for genetic management using 
natural mating approaches is typically viewed as the restriction of the maximum ∆F per 
mating pool, the effectiveness of the planned scenario in limiting increase in ∆F per pool 
highlights the value of broodstock allocation according to an optimized algorithm in future 
giant tiger shrimp breeding programs. The marginally higher mean numbers of marker alleles 
remaining in the planned as compared to uncontrolled scenario suggests the possibility of an 
additional benefit of planned mating in preserving marker allele diversity. 

Conclusion 

The simulation results indicate that planned mating of phenotypically selected broodstock 
according to the allocation algorithm will result in inbreeding levels significantly lower than 
uncontrolled mating after 20 generations. Our results also indicate that planned matings of 
the selected populations will maintain inbreeding of the most inbred individuals at levels 
comparable to unselected stocks allocated randomly to mating pools; this level being well 
below that expected for uncontrolled mating of selected stocks. Consequently, these findings 
indicate the value of our planned mating allocation approach to genetic management in giant 
tiger shrimp programs using natural mating; and encourage further refinement of the 
algorithm to focus both on restricting the rate of increase in inbreeding and preserving 
microsatellite marker allele diversity.  
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