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The Maricultura del Pacífico,
S.A. de C.V. shrimp hatchery in Mazat-
lán, Sinaloa, Mexico, started a new
breeding program based on mixed-
model Best Linear Unbiased Predic-
tor (BLUP) methodology in March
2003. In the BLUP system, animal-
breeding values are twice the
amount of additive genetic gain that
an individual passes to its offspring
for a given trait.

Supervised by animal-breeding
researchers at the Universidad Autóno-
ma Metropolitana and Universidad
Nacional Autónoma de México, the
program is based on methods in-
creasingly used since the early 1980s
in breeding programs for farm ani-
mals. It requires individual identifi-
cation of animals or at least of the
individuals pertaining to specific
families.

To the authors’ knowledge, this
was the first experimental study that
used an animal model with a large
data set of Pacific white shrimp, Lito-
penaeus vannamei. It originally
started with 17,296 shrimp in 2003,
19,228 in 2004, and 24,212 in 2005.

Production data in the pedigree
file was used to estimate the heri-

tability of body weight at 130 days
from hatching in a set of different
environments, and to estimate the
mean family breeding value for body
weight using BLUP methodology for
the aquaculture industry.

Experimental Setup
In the 2003 experiment, using

body weight as a criterion, 30% of
the females and 15% of the males
from a relatively large number of
families were mass selected and in-
dividually tagged using numbered
rings placed in one ocular peduncle.
The family origins of the selected
shrimp were identified.

Mature females were artificially
inseminated using one male for
every two females to produce a breed-
ing design based on full- and half-sib
families that avoided mating be-
tween siblings. Originally 120 fe-
males and 60 males were used for
this purpose, although not every
mate was successful.

The resulting postlarvae were
kept in tanks until they reached
around 1-2 g body weight. This body
size allowed researchers to tag them
individually. About 450 animals/fam-
ily were injected with a colored elas-
tomer tag to identify families, which
allowed mixing families for perform-
ance evaluation.

The final data set in 2003 consist-
ed of shrimp from 101 families grow-
ing in two commercial units of a
Mexican hatchery at two population
densities each. The 13,170 shrimp
came from 53 sires and 79 dams. Each
shrimp was individually weighed at
an average age of 130 days.

Results
Heritability values for body

weight and within-environment
breeding values for all the shrimp
were calculated using mixed-model
methodology with an animal model
using a multivariate approach. Since
genetic selection in the shrimp in-
dustry is based on family selection,
families were ranked using body
weight phenotypic means and body
weight breeding value means based
on BLUP solutions.

Genetic Improvement

Based on body weight, 30% of the females and 15% of the males from a large
number of families were mass selected and individually tagged. The females 
were artificially inseminated using one male for every two females.

Summary:
A breeding program in Mexico
used a large data set on Pacific
white shrimp to estimate the her-
itability of body weight in different
environments and the mean
family breeding value for body
weight using BLUP method-
ology. Recent selection cycles
showed annual genetic gains of
1.5 and 2.1 g body weight at 130
days while maintaining additive
genetic variation. 
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The results showed an average
45% additive genetic variation for
body weight at 130 days from hatch-
ing, although evidence of hetero-
geneity of the variation between en-
vironments with heritabilities of 20-
60%, depending on environment op-
portunity, was found. The authors
also found that the rank correlation
between family phenotypic means
and family breeding value means
within an environment was very
high. Family phenotypic means
ranged 15-22 g of body weight, while
the mean family breeding values
ranged roughly -1.9-3.5 g.

Obtaining family BLUP breeding
value means allows breeders to bet-
ter select families in a shrimp-breed-
ing program and even apply differ-
ent selection intensities within fam-

ilies by combining family and
mass selection to optimally in-
crease genetic gain in body
weight.

Satisfactory 
Genetic Gain

In the last two evaluated se-
lection cycles using BLUP, re-
sults showed satisfactory ge-
netic gains per year of 1.5 and
2.1 g body weight at 130 days
from hatching, while main-
taining good levels of additive
genetic variation.

The breeding program now
includes an early selection step
that evaluates performance at
25-40 days of age from hatching. This
allows the selection of the best 108
families out of 216 based on early

growth, while the second step re-
peats the selection process at 130
days in the 108 selected families.

Editor’s Note: Preliminary program re-
sults were published at the 2004 Joint
Annual ADSA-ASAS-PSA Meeting held
in St. Louis, Missouri, USA. Some re-
sults regarding early growth family se-
lection as part of the two-step selection
program will be presented this summer
at the World Congress of Genetics Ap-
plied to Livestock Production to be held
in Sao Paulo, Brazil. 

About 450 animals/family were injected with 
a colored elastomer tag to identify families,
which allowed mixing families for performance
evaluation.

BLUP breeding values allow breeders 
to better select families and even 
apply different selection intensities 
within families.


