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ABSTRACT: Genetic improvement is a strategy for con-
trolling some diseases in aquaculture. Knowledge of wheth-
er genetic variation exists for survival and body weight in 
the presence of White Spot Syndrome Virus (WSSV) is 
needed in order to determine the feasibility of including this 
trait in the breeding goal. The aims of this study were (1) to 
estimate (co) variance components for body weight at 19 
weeks of age and survival from 10 to 19 weeks of age in the 
Pacific white shrimp in a pond affected by a natural out-
break of WSSV, and (2) to compare these estimates with 
those obtained from a pond where no WSSV was present. 
Additive genetic variance component for body weight was 
smaller in the presence of WSSV (1.47 ± 1.86) than in the 
pond with no WSSV (3.16 ± 0.99). An increase in body 
weight residual variance was observed in the pond affected 
by WSSV. Survival additive genetic variance component 
estimated in the pond affected by WSSV (0.006 ± 0.003) 
was larger than that estimated in the unaffected one (0.0003 
± 0.002). Results suggest that selection response for body 
weight and survival at harvesting in the presence of WSSV 
would be very small.  
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Spot Syndrome Virus 

 
 

Introduction 
 

In Penaeid culture, genetic improvement for dis-
ease resistance is a costly and lengthy process that is justi-
fied only when a pathogen has a significant economic im-
pact on the industry and when there are no other cost-
effective and fast measures to prevent or treat infection 
(Cock et al. (2009)), as is the case of White Spot Syndrome 
Virus (WSSV). Some authors have suggested that breeding 
programs could be an option for WSSV control in shrimp 
(Bedier et al. (1998); Bachere (2000); Gitterle et al. (2005), 
(2006a); Huang et al. (2012)). There are a few studies 
providing information of genetic variation for economically 
important traits such as body weight and survival in the 
presence of WSSV (Gitterle et al. (2005, 2006a, 2006b)) to 
determine the possible inclusion of these traits in shrimp 
breeding programs. 

 
Heritability of harvest body weight in the presence 

of WSSV has been estimated as 0.24 ± 0.05, and 0.17 ± 
0.04 from two selected lines for growth and survival (Git-
terle et al. (2005)). Heritability of survival in the presence 
of WSSV has been estimated using different models, vary-

ing from 0.03 to 0.07 (Gitterle et al. (2005, 2006a)). The 
genetic correlation between body weight and survival in the 
presence of WSSV was estimated by Gitterle et al. (2005) 
varying from -0.55 ± 0.18 to -0.64 ± 0.19. Estimates of (co) 
variance components for body weight and survival in the 
presence of WSSV have been obtained from laboratory 
challenge experimental designs, but there are no studies in 
the presence of a natural outbreak of WSSV from produc-
tion ponds. The aims of this study were (1) to estimate (co) 
variance components for body weight at 19 weeks of age 
and survival from 10 to 19 weeks of age in the Pacific white 
shrimp Penaeus (Litopenaeus) vannamei in a pond affected 
by a natural outbreak of White Spot Syndrome Virus 
(WSSV), and (2) to compare these estimates with those 
obtained from a pond where no WSSV was present.  
 

Materials and Methods 
 

Data and edits. Records from the 2011 breeding 
cycle of a Mexican hatchery were used. Animals used were 
part of the P. vannamei growth and survival breeding line 
of a selection program that started in 1998 (Castillo-Juárez 
et al. (2007)); selection procedures are described by Cam-
pos-Montes et al. (2013). 

 
A total of 5,950 shrimp were seeded in each pond. 

Numbers of body weight analyzed records were 688 in the 
pond where WSSV occurred, and 4,891 in the pond where 
WSSV did not occur. These records came from 170 fami-
lies, from shrimp identified using colored tagged elasto-
mers, which were obtained using artificial insemination, 
with a female: male ratio of 1.27. Broodstock identification, 
family formation, larvae culture, and post-larvae manage-
ments to harvesting are described by Campos-Montes et al. 
(2013). The population structure is based on full- and half-
sib families. Pedigree file included animals from 2002 to 
2011. Body weight was measured at harvesting time (8 to 9 
weeks after seeding) and shrimp survival from 10 to 19 
weeks of age was considered as a binary trait, and it was 
determined based on the difference between the number of 
seeded and harvested post-larvae in the pond. 

 
Statistical analyses. Data were analyzed using bi-

variate animal models and ASReml software (Gilmour et al. 
(2009). Body weight analysis included the fixed effects of 
sex, and linear and quadratic harvesting age as covariates, 
while survival analysis included linear and quadratic seed-
ing age as covariates. Random effects for body weight and 



 

 

survival analyses included animal, full-sibs common effects 
(representing non-additive genetic, common environmental 
effects, and maternal (genetic and environmental) effects), 
and residual. 

 
 

Results and Discussion 
 

Genetic parameter estimates. Estimates of vari-
ance components, heritability, and genetic correlation for 
body weight and survival in the presence and absence of 
WSSV outbreak are shown in Table 1.  

 
Estimates in the absence of WSSV outbreak. 

Heritability for body weight in the absence of WSSV (0.32 
± 0.09) is in agreement with estimates reported for P. van-
namei populations at similar ages by Castillo-Juárez et al. 
(2007) and Campos-Montes et al. (2009), using data from 
the same population but from previous years. The survival 
additive genetic variance component estimates were low 
and not statistically different from zero. However, analysis 
in the same population but with a greater number of produc-
tion cycles and a broader pedigree file estimated this value 
as 0.007 ± 0.002 (Campos-Montes et al. (2013)).  

 
Estimates in the presence of a WSSV natural 

outbreak. Body weight heritability estimate was smaller in 
the pond where WSSV occurred than in the pond where it 
did not, although it was not statistically different from zero. 
Body weight heritability compression was caused by an 
increase of residual variance estimated in the presence of 
the disease. Large standard errors of the genetic parameters 
can be a consequence of a poor data structure and a lower 
sample size resulting from the disease outbreak. Regarding 
body weight heritability in the presence of WSSV, Gitterle 
et al. (2005) obtained, in some of their batches, similar 
estimates to our heritability estimate. Nevertheless, when 
they analyzed all the batches together per each breeding 
line, heritabilities for each line were larger (0.20 ± 0.04 and 
0.21 ± 0.04, respectively). Survival additive genetic vari-
ance component estimated in the presence of WSSV was 
larger than the estimated in the absence of WSSV, and was 
similar to that observed by Gitterle et al. (2005) (0.006-
0.04). Based on a natural WSSV outbreak our results sug-
gest a rather small genetic gain if survival were to be meas-
ured at harvesting time (around 19 weeks). Bishop and 
Woolliams (2010) comment that heritability estimates from 
natural outbreaks are partially confounded with non-genetic 
factors, which may bias heritability downwards. 

 
Genetic correlations. None of the genetic correla-

tion estimates between body weight and survival were sta-
tistically significant different from zero. Nevertheless, the 
correlation sign in the disease environment was negative, in 
agreement with the findings of Gitterle et al. (2005).  

 
 
 

Conclusion 
 
Our findings suggest that selection response for 

body weight and survival at harvesting in the presence of 
WSSV natural outbreak would be very small. Studies re-
garding the implications of including these and other im-
portant traits in shrimp breeding programs in the presence 
of WSSV are necessary. 
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Table 1                                                                                                                                                                        
Variance components for body weight (BW) and survival (SUR) in the presence and absence of White 
Spot Syndrome Virus (WSSV) natural outbreak in Pacific White Shrimp (P. vannamei)1 

WSSV Trait Additive gene-
tic variance 

Residual 
variance 

Phenotypic 
variance  Heritability Genetic corre-

lation 

Present 
BW 1.47 (1.86) 10.80 (1.14) 14.44 (0.88) 0.10 (0.13) 

-0.98 (0.57) 
SUR 0.006 (0.003) 0.104 (0.003) 0.111 (0.002) 0.06 (0.03) 

Absent  
BW 3.16 (0.99) 5.68 (0.50) 10.01 (0.39) 0.32 (0.09) 

0.67 (2.59) 
SUR 0.0003 (0.002) 0.14 (0.003) 0.15 (0.003) 0.00 (0.01) 

1Standard errors are in parentheses.     
 


