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ABSTRACT: To study the effect of inbreeding on body 
weight at harvest size (130 days of age) and grow-out sur-
vival rate (65-130 days of age) in a nucleus breeding popu-
lation, an experiment was designed to generate inbred fami-
lies product of sibling mating in three successive genera-
tions, as well as groups of families with a range of inbreed-
ing coefficients in a broodstock line selected for growth and 
survival. Inbreeding coefficients varied between 0 and 
60.4%.  A total of 16,361 shrimp from 320 families were 
analyzed. Data was analyzed using mixed linear model 
methodology and restricted maximum likelihood methods. 
Inbreeding had a negative effect on body weight at harvest 
size of -2.19 ± 0.41% per 10% increase on the inbreeding 
coefficient (P < 0.001), but it did not have an effect on 
grow-out survival rate.  
Keywords: inbreeding; growth; survival; Litopenaeus 
vannamei; Mixed linear models 
 
 

Introduction 
 

In order to improve production and profitability in 
penaeid shrimp aquaculture, the use of domesticated stocks 
and breeding programs is becoming more common (Preston 
and Clifford 2002). The use of selection programs implies 
that only a portion of the population contributes with the 
genes that are transmitted to the next generation, reducing 
effective population sizes. This reduction implies an in-
creased probability of mating between relatives, even if the 
mating between related animals is kept under control, mak-
ing unavoidable a certain degree of increase on inbreeding 
over time (Falconer and Mackay 1996). Inbreeding is often 
associated to a reduction of mean phenotypic values of 
some traits, mainly those related to fitness and productive 
efficiency, phenomenon known as inbreeding depression 
(Falconer and Mackay 1996; Lynch and Walsh 1998).  

 
Little is known about the effects of inbreeding in 

penaeid shrimp on economically important traits, including 
the Pacific white shrimp. Moss et al. (2007), in a retrospec-
tive analysis of P. vannamei pedigreed data, reported a 
small but highly significant effect of inbreeding on growth 
(-2.6 to -3.9% per 10% inbreeding) and no effect on grow-
out survival. In an experimental study, Moss et al. (2008) 
found no effect of inbreeding on grow-out but a significant 
detrimental effect on grow-out survival (-3.8% per 10% 
inbreeding). In Penaeus japonicus, Keys et al. (2004) found 
no effects of inbreeding on growth and survival. In Fen-
neropenaeus chinensis, Luo et al. (2014) in an experiment, 

estimated a significant inbreeding effect on growth that 
ranged from -8.86 to -23.68 %, with inbreeding levels of 0, 
25, 37.5 and 50 %, but found no effect of inbreeding on 
survival. Knowledge about inbreeding effects on economi-
cally important traits in shrimp will allow the design of 
more efficient breeding programs. The objective of this 
study was to investigate the effect of inbreeding on body 
weight at harvest size (130 days of age) and on grow-out 
survival rate (65-130 days of age) in a nucleus breeding 
population of P. vannamei.  

 
Materials and Methods 

 
Data. The experiment was conducted in the Mexi-

can hatchery Maricultura del Pacífico (Los Pozos, Sinaloa, 
Mexico) over the years 2010 to 2012 with three successive 
generations of families being produced. The experiment 
was designed in order to generate inbred families product of 
sibling mating in successive generations, as well as groups 
of families with a range of different intermediate inbreeding 
coefficients, including families with relatively low inbreed-
ing levels. Mating was done so as to obtain families in the 
range between 0 to 60.4%. A total of 16,361 shrimp from 
320 families were produced. Inbred families were mainly 
product of mating between siblings and cousins, while the 
rest of the families were product of several mating schemes 
between individuals with different level of genetic relation-
ship. All mating were performed using artificial insemina-
tion (Castillo-Juárez et al. 2007). Inbreeding coefficients 
were calculated using the pedigree information, which 
comprises 11 generations (2002-2012), and were estimated 
using the software ENDOG (Gutiérrez and Goyache 2005). 

 
Statistical Models. To estimate the effect of in-

breeding on body weight at harvest size (BW) and grow-out 
survival rate (SR), data was analyzed using mixed linear 
model methodology and restricted maximum likelihood 
(REML) methods with ASReml software (Gilmour et al. 
2002). For BW, the model included the fixed effects of sex-
year-pond and age at harvest. For SR the model included 
the fixed effects of year-pond and age at seeding. For both 
traits, inbreeding coefficient was included as a covariate, 
and the animal additive genetic effects and effect common 
to full-sibs as random effects. Total number of analyzed 
organisms was 13,355 for BW and 16,361 for SR, from a 
total of 320 families. 

 
 
 



Results and Discussion 
 

The mean ± SD for the inbreeding level of the 
study population was 9.80 ± 13.58%, with a minimum of 
0% and a maximum of 60.4%. There was a significant 
negative relationship between BW and F. Estimated change 
on BW per 10% increase on the inbreeding coefficient was 
-2.19 ± 0.41% (P < 0.001; Table 1) relative to the mean of 
non-inbred shrimp predicted from the model (19.63 g). This 
is consistent with the estimated by Luo et al. (2014) in an 
experiment in F. chinensis with inbreeding levels of 0, 25, 
37.5 and 50%, were inbreeding had an effect on growth in 
three post-larval stages (PL80, PL100, and PL140) that 
ranged from -3.06 to -4.74% per 10% increase on inbreed-
ing coefficient.  

 
Table 1. Predicted mean of non-inbred shrimp, regres-
sion coefficient estimates, and percentage inbreeding 
effect (PIE) expressed as percent change in non-inbred 
mean per 10 % increase in F 

Trait 
Predicted 

mean of non-
inbred 

b PIE 

BW 
(g) 19.63 ± 0.30 -0.043 ± 0.008* -2.19 ± 0.41* 

SR 
(%) 81.72 ± 1.19 -0.0007 ± 0.0005 -0.009 ± 0.006 

BW: body weight at harvest size (130 days of age); SR: survival rate (65-
130 days of age)  
PIE: [(b / Predicted mean of non-inbred) x 100] x 10 
*P < 0.001 

 
 
Our results differed from those obtained in the ex-

periments by Moss et al. (2008) in P. vannamei and those 
by Keys et al. (2004) in P. japonicus, were inbreeding has 
no effect on grow-out. However, Moss et al. (2007) in a 
retrospective observational study in P. vannamei, estimated 
a significant inbreeding effect on growth that ranged from -
2.6 to -3.9% of the phenotypic mean per 10% increase on 
inbreeding coefficient, which is similar to our findings. 
Regression coefficients for SR were not significant (Table 
1). Estimated change in SR per 10% increase on the in-
breeding coefficient was -0.009 ± 0.006% (P = 0.108) rela-
tive to the mean of non-inbred shrimp predicted from the 
model (81.72%). This is consistent with the results estimat-
ed by Moss et al. (2007) in P. vannamei, which indicate that 
grow-out survival was unaffected by inbreeding in shrimp 
that were stocked at 1-3 g and harvested at 15-25 g with an 
estimated inbreeding effect on survival that ranged from –
0.1 to 0.5% per 10% increase on inbreeding coefficient. 
Similarly, Keys et al. (2004) found no effect of inbreeding 
on survival in P. japonicus at three different growth stages 
(PL30-PL80, PL80- PL124 and PL124-PL156). Luo et al. 
(2014) found a non-significant estimated inbreeding effect 
on survival in F. chinensis that ranged from -0.85 to -2.49% 
per 10% increase on inbreeding coefficient. In contrast, 
Moss et al. (2008) found a significant effect of inbreeding 
on grow-out survival in P. vannamei that were seeded at 1-
2 g and harvested at 12-15 g with an estimated inbreeding 

effect of -3.8% of the phenotypic mean per 10% increase of 
inbreeding coefficient.   

 
Non-significant effects of inbreeding on grow-out 

survival rate may be due to the fact that selection may act 
against fixation of deleterious genes, purging the genetic 
load and avoiding inbreeding depression for this trait, but 
not for body weight (Charlesworth and Charlesworth 1999, 
Frankham et al. 2001).  
 

Conclusion 
 
Inbreeding depressed body weight at harvest size 

(130 days of age) but it did not have an effect on grow-out 
survival rate (65-130 days of age) in a genetic selected 
population of P. vannamei. This lack of inbreeding depres-
sion for SR may be related to a purge of deleterious reces-
sive genes in the population. So a decrease of fitness due to 
inbreeding depression, and an increase of fitness due to 
selection seem to balance one to another. 
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