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SUMMARY
The development of a Swine Testing and Genetic Evaluation System (STAGES)
has been initiated.
STAGES computer programs will be implemented by national
breed associations.
When six developmental steps are completed, STAGES will
analyze the records and evaluate individuals within each breed including
on-farm, central test station and barrow tests.
Short-Cut BLUP procedures,
through recursive prediction, will provide rapid genetic evaluation of both
postweaning and reproduction traits. The use of Short-Cut BLUP and canonical
transformations will allow multivariate analyses on minicomputers currently
used by purebred associations. Quadratric bioeconomic objectives will be used
to define the selection criteria to maximize selection response. Three indexes
are suggested: a terminal sire, general and dam-breed (maternal) objective.
With the implementation of a comprehensive genetic program, intense within-herd
and across-herd selection of sires and dams can increase genetic progress.
INTRODUCTION
If the swine industry is to prosper in the United States, disciplined,
well-planned efforts must be implemented to improve production efficiency.
Poultry, pork's major competitor at the market place, has made rapid genetic
progress in the past twenty-five years, resulting in more efficient production
(Sherwood, 19771 Schinckel, 1985). Accelerated genetic improvement of U. S.
swine herds will lead to more efficient pork production and improve pork's
competitiveness with poultry and other alternative sources of protein.
The design of comprehensive animal breeding programs involves several steps
which include the development of an animal evaluation system and design of
appropriate selection criteria (Harris et al., 1984). The objective of this
paper is to discuss alternative swine evaluation procedures, selection criteria
and their application as a swine testing and genetic evaluation system (STAGES)
for the United States purebred associations.
Genetic Evaluation Procedures
In the past, seedstock producers have based their selection mostly on each
individual's performance. By including performance of relatives, the genetic
merit of an individual animal can be predicted more accurately. Genetic merit
estimates (predicted progeny deviations,
PPDs) are based on both the
individual's performance and the performance of relatives. These genetic
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evaluation procedures are especially useful to improve accuracy for traits with
low heritabilities such as number born alive and 21-day litter weight.
Evaluation of alternative swine evaluation procedures must center on four
criteria. First, the procedure should accurately predict the genetic merit of
both young and old males and females. Accurate within-herd evaluation of young
boars and gilts is necessary to maximize the annual rate of genetic
improvement. Evaluation of the parents through progeny testing will result in
increased accuracy of selection. However, the increased accuracy will be
offset by an increase in generation interval (Dickerson and Hazel, 1944).
Second, the procedure must allow for rapid data analysis and summarization.
With multiple contemporary groups per year, seedstock producers must quickly
decide which animals to select, cull or make available for sale. Third, the
procedure should, as accurately as possible account for fixed effects and
possible biases such as non-random mating and genetic trend. Fourth, the
procedure should allow an accurate analysis without being expensive or without
seriously compromising the criteria of timeliness.
In dairy cattle, genetic evaluation procedures with the complication of
unequal numbers of observations and unbalanced cross-classified data became
more feasible with the development of best linear unbiased prediction (BLUP,
Henderson, 1973). In theory, BLUP procedures provide the most accurate
predictions of genetic merit by simultaneously predicting breeding values and
adjusting for fixed effects with unequal numbers and unbalanced data. BLUP
also has the ability to account for genetic trend and non— random mating.
In practice, BLUP analyses have been more difficult to compute and require
larger computers than selection index or modified contemporary group comparison
procedures. Kennedy (1982) has discussed both the desirable potential and
practical difficulties of the BLUP animal model for a sizable swine data set.
Three suggestions have been made to reduce computational requirements.
Quaas and Poliak (1980) simplified the BLUP animal model using a technique that
has become known as the reduced animal model or RAM (Blair and Poliak, 1982).
Hudson and Kennedy (1984) combined RAM with a recursive procedure to further
reduce the number of equations to be solved simultaneously. Harris (1966,
1984) suggested a simplified form of BLUP, called Short-Cut BLUP, which
utilizes separate analyses of an hierarchical model within each same-sex
contemporary group followed by recursively combining the analysis across sexes,
contemporary groups and herds.
Short-Cut BLUP procedures were designed to
allow rapid within-herd analysis.
Results from the within-herd analyses are
periodically incorporated into an iterative across-herd analysis to evaluate
sires and herd-contemporary group means. The across-herd analysis accounts for
the use of sires across herds and relationships between sires in different
herds.
Development of the Bioeconomic Objective
The swine industry is impacted by several traits of economic importance
including growth rate, feed efficiency, carcass merit and reproductive
performance. To best improve the efficiency of swine production, several
traits need to be evaluated simultaneously and selection based on a combination
of these traits.
A comprehensive selection program involves the development of a bioeconomic
objective describing the production life-cycle (Dickerson, 19701 Harris, 19701
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Harris et al., 19841 Stewart et al., 1986). As an example, the profit for a
meat animal dam and her offspring (fixed breeding seasons and constant interval
postweaning growth period) can be expanded as follows (Harris, 19701 Harris et
al., 1984):
Profit = L N [ (W + 6 d) V - d (G C f + t)] - (p - s) - L (x - N y)
where L is length of reproductive life in number of breeding seasons,
N is average number of offspring weaned or produced per breeding
season,
W is average weaning weight of offspring,
G is average daily gain for the postweaning period,
d is length of the postweaning growing period in days,
V is value per unit weight resulting from carcass composition,
C is feed-to-gain conversion ratio for postweaning growth,
f is cost per unit feed,
t is nonfeed costs for postweaning growth per day,
pis

cost of the ready-to-mate dam,

s is salvage value for the dam,
x is the dam's costs per breeding cycle (including mating costs),
y is additional (above x) preweaning costs per weaning animal.
In this function, capital letters indicate traits of primary interest because
of their impact upon profit, and lower-cased letters indicate economic
constants. The economic constants p, s, x, and y can be developed further as
functions of traits of interest. Each trait may be expanded as a mean plus a
deviation (p + a) with appropriate subscripts, for example, L = p^ + a^.
The development of a bioeconomic objective for swine is discussed in
Stewart et al., 1986. The bioeconomic objective for swine can be rearranged
and then divided into three sub-objectives:
(1) the breeding and gestation
sub-objective (BGSO) reflecting the net costs per parity of producing a
pregnant female from breeding up to the time of entering the farrowing
facility, (2) the farrowing and lactation sub-objective (FLSO) reflecting the
net costs per litter during farrowing and lactation up to weaning, and (3) the
post-weaning objective (PffSO) representing the income minus growing and
finishing costs for the litter. Backfat thickness, dressing percentage
(carcass weight/liveweight) and carcass quality could be used to evaluate the
income (value) of each hog. The growing and finishing costs include feed costs
and fixed costs.
Seedstock producers should select their replacement boars and gilts
relative to their intended use in commercial crossbreeding systems (Smith,
1964J Bennett et al., 1983). The appropriate objective for terminal sire
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breeds (SBO) would be
SBO = .5 * PWSO -

m^

o

- ^

S()

The terminal sire objective will emphasize the post-weaning snb-obj ective and
thus concentrate on growth rate, carcass merit and feed efficiency. The
appropriate dam breed objective (DBO) would then be
DBO = .5 * PWSO - BGSO - FLSO
The dam-breed or maternal objective will place greater emphasis on reproductive
as compared to progeny traits. This is because as dams in a terminal
crossbreeding system express their own genetic merit for reproduction traits
and pass one-half of their genetic merit to their market offspring. The
general purpose objective (GPO) for rotational crossbreeding would be
GPO = PWSO - BGSO - FLSO
The general purpose objective will place relatively equal emphasis on
reproduction and post-weaning traits.
Development of the Selection Criteria
The bioeconomic objective is used in developing either linear or quadratic
selection criteria (Wilton et al., 19681 Harris, 1970; Harris et al., 1984).
When the comprehensive objective is not expressed in a linear or quadratic
form, it is desirable to develop a simplified approximate function to
facilitate the construction of selection indexes.
Wilton (1982) suggested that the traits be evaluated simultaneously by a
multivariate form of BLUP (Henderson and Quaas, 1916', Guaas and Poliak, 1980)
and that the genetic evaluations from such an analysis be used in a quadratic
selection objective function (Wilton et al., 1968). The combined use of
multivariate BLUP procedures and quadratic selection indexes have four
desirable properties including:
(1) appropriate consideration of the genetic
and environmental correlations between the traits, (2) first-order products of
the traits with respect to overall production efficiency are considered, (3)
ability to account for selection or non-random mating with respect to
correlated traits, and (4) maximization of potential selection response for
total economic merit at each point of selection (Wilton et al., 19681
Henderson, 1975J Henderson and Quaas, 1976', Wilton, 1982J Harris et al., 1984).
In addition, quadratic indexes which are in the same economic units (i.e.
dollars) as the bioeconomic objectives make the index values more meaningful to
the potential users of the program (seedstock and commercial producers). Index
values in economic units (i.e., dollars per hog or dollars per litter) will
constantly remind the swine industry of the relationship between the selection
criteria (the index) and the objective (to improve the efficiency of pork
production).
The multivariate form of BLUP requires additional computations which can
become difficult in large data sets especially if there are several correlated
traits. Arnason (1982) proposed the use of a canonical transformation of the
traits to yield a new set of phenotypically and genetically uncorrelated traits
(Hayes and Hill, 1980) which reduces the number of calculations.
Arnason's
approach to multivariate BLUP allows enhancement of the computer-efficient
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recursive RAM and Short-Cut BLUP procedures. Together, the use of canonical
transformation and simplified BLUP procedures should keep the calculations of a
multivariate BLUP program at a practical level for moderate-sized computers,
allowing reasonable computing costs.
PROGRAM DEVELOPMENT
A nationwide, comprehensive genetic evaluation currently is being developed
in cooperation with the purebred swine associations in the United States.
Development of STAGES will involve six steps. The six stages of development
are:
STAGE 1 : Within-herd genetic evaluation for post-weaning growth (average daily
gain or days to 230 lbs.) and backfat thickness for a single contemporary
group.
Sires, dams, young boars and gilts off-test will be evaluated
simultaneously within each contemporary group. At this stage, only the
hierarchical model of sires, dams (litters) within sires, and progeny within
litters will be considered. Pig PPDs will be based on individual data plus
data from all full- and half-sibs within the same group.
Sire and sow PPDs
will be based on all offspring within the group.
STAGE 2 : Extension of the genetic evaluation of the post-weaning traits for
multiple contemporary groups to bring forward information from past progeny of
the sires and dams. At this point, relationships among sires and dams will be
added to the calculations. Also, adjustment of sire evaluations for predicted
genetic differences between mates will be made.
Pig PPDs will be based on
individual records plus all full- and half-sibs in current and previous tested
groups.
Sire and sow PPDs will be based on offspring records in current and
previous groups plus their own record and their sib—records from previous
tested groups within the same herd.
(If a sire is tested in a different herd
than his progeny, his record is not used in STAGE 2.) This is a full withinrherd RAM approach.
STAGE 3 : Within-herd evaluation of farrowing and lactation traits combining
current information with previous data on other litters from the same dam and
from relatives. This will improve accuracy relative to the current sow
productivity index and the form of the index will be different.
PPDs are based
on the same sources of information as in STAGE 2 plus repeated records for
sows.
STAGE 4 : Extension of post-weaning traits (stages 1 and 2) with the
for individual or full— sib pen feed conversion and/or carcass data.
options would allow incorporation of data from central test stations
intensive on^the-farm performance tests.
PPDs are based on the same
stage 2 except within test station rather than within-herd.

options
The
and
sources as

STAGE 5 : Combining the reproduction and post-weaning traits for multiple
within-herd contemporary groups into comprehensive indexes. Three alternative
indexes will be calculated corresponding to the SBO, DBO or GPO above.
STAGE 6 : Across-herd sire evaluations for the reproduction and post-weaning
traits in the comprehensive indexes. Pig PPDs will be based on individual and
all paternal relatives (including these or other herds) plus maternal sibs and
within-herd maternal ancestors.
Sire and sow PPDs will be based on all tested
relatives except for those few sows that reproduce in two or more herds.
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This sequence of stages within STASES is being done for three reasons:
1.

This is a logical pattern because of the nature and complexity of the
programming.
Later stages usually involve additions to programs
written for earlier stages.

2.

These sequential steps allow the breeds association personnel to
implement the additional procedures in a step-wise manner.

3.

The sequence allows breeders to develop their data collection
techniques and their understanding of the procedures in a step-wise
manner.

Figure 1 shows the pattern of data flow through breed associations when all six
stages are implemented.
Utilizing Short-Cut BLUP, the analysis will include
data from several sources such as on-farm testing, boar test stations and
barrow tests. The program will estimate the genetic merit of replacement
boars, replacement gilts, sires and dams utilizing the individual's performance
and/or performance of relatives. Within—herd analyses and summarization will
be run on a daily as-needed basis. Periodically, across-herd analyses
including across-herd sire evaluation will be run.

Figure 1,

Proposed swine genetic evaluation program.
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When STAGE 6 for across-herd sire evaluations is reached, the adequacy of
data structure to support such comparisons will have to be studied. Policies
will probably have to be set to limit the participation in the across-herd sire
evaluations to herds that satisfy certain minimum requirements for genetic
’'ties'* to other herds. These minimum requirements might involve test station
participation, reference sires by A. I. and percent of herd tested in on-farm
test programs.
Across-herd Analysis
The comprehensive model that is the basis for the BLUP evaluations for the
sex-adjusted progeny traits is
y hbcij ha

+ Sri + %

+ fmthbij + prhbcijk + rchbcijkm

where
is the fixed mean (largely but not completely environmental)
the bth breeding season within the hth herd
h

is an index for herds

b

is an index for sequential breeding seasons (contemporary
groups) within herds

i

is an index for sires

for

is the random effect of the ith sire, 1, 2, ..., s
sri
j

is an index for dams within herds j = 1, 2, .... d^

^hj

is the random deviation associated with the j.th dam in the h_th
herd

fmthbij

represents a temporary environmental influence upon the progeny
born from the same breeding season (litter) to dam hj mated to
sire i

c

is an index for sex with c = m for males, c = f for females

k

is an index for the sex c progeny of the j th dam in the bth
breeding season in the hth herd, k = 1, 2, ...,

prhbcijk

is the random deviation associated with the kth progeny (which
is of sex c) of mating hbij

m

is an indicator of the record (repeated observation) on
individual progeny hbcijk with m = 1, 2, ..., “j^cijk

rchbcijkm

is the random deviation associated with the mth record on
individual hbcijk

This model is appropriate for traits measured on progeny in a single
season, such as early in life. The repeated records are in that single season,
such as measurements of eggs in poultry. When repeated records occur over
subsequent seasons, such as for reproduction or lactation traits in STAGES 3—6,
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a different model is required with records oconrring in different seasons.
Note that in the above model, dams are nested within herds, but may be
cross-classifled with sires and with breeding seasons^ progeny are nested
within combinations of sires, dams, herds, breeding seasons, and sex.
Actually, the maximum joint density argument was used to derive the
Short-Cut BLIJP equations through extensive algebra.
Since maximum joint
density has been shown by Henderson in matrix form to give equivalent equations
to the BLUP argument, the resulting predictors can be considered as being BLUP.
Study of these equations showed how the calculations could be done recursively
as each new contemporary group is added to the data set.
BLUP's for sr^ and d m ^ can be considered as PPDs (predicted progeny
deviations). The genetic evaluations for progeny which would directly result
from this model are estimated breeding values. These HIV's are converted to
PPD's by dividing by two to allow direct comparisons of parents and progeny. In
addition to calculating PPD's as the genetic evaluations, approximate standard
errors of prediction (SEP) also will be calculated. The SEP will be described
to breeders as being a ''possible change (PC)'' statistic.
One limitation for this model is that dams are nested within herds. This
does not allow for sows to move between herds between litters. This is rare,
but when it occurs it will result in maternal sibs and cousins in the prior
herd not to be used in evaluating new progeny. The simpler calculations seem
to more than compensate for slight loss of information relative to the across
herd reduced animal model (RAM) of Poliak and Quaas (1983) which also would
include those relationships.
STAGE 1 involves only the hierarchical model remaining when a specific herd
and breeding season is considered for sex-adjusted data.
BLUP for a
hierarchical model takes on a relatively simple form (Harris, 1966).
Relationships among sires and dams are not included in STAGE 1 but will be
included in STAGE 2 unless computational time is exorbitant. Thus, for STAGE
1, only records from full-sib and paternal half-sib relatives and the
individual are included in the evaluation of individual progeny and only
progeny in the current contemporary group are used to evaluate parents.
Sequence of Calculations
For both post-weaning traits and farrowing and lactation traits, an outline
of the sequence of calculations would be
1.

input data

2.

NSIF adjustments and conversion of traits in objective to canonical
form

3.

BLUP analysis of current contemporary group to yield PPD's with PC's
(possible changes)

4.

recursively combine current evaluations with past evaluations from same
dam (across contemporary groups within herds) and same sire (from
across-herd analysis)

5.

save appropriate calculations for later combining
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6

.

retransform PPD evaluations of canonical traits and PC's to PPD's and
PC's for original traits in objective

7.

combine PPD evalnations into appropriate indexes (also PPD's)

8.

output appropriate reports

9.

place PPD evaluations on Performance Pedigree and save on disk.

Optional Selection Programs. With the implementation of a comprehensive
genetic evaluation program, optional selection programs can be developed.
On a
national basis, sire evaluation programs can be developed which could
potentially increase the rate of genetic progress. The evaluation programs
would have two steps.
Step 1 identifies the top young boars which have just
completed on-farm or central test station performance tests. To achieve a more
accurate evaluation of the young sires' genetic merit, each boar selected on
performance could be used via artificial insemination in several herds and,
later, have sons in central test stations.
Step 2, the top 3-5 percent of the
progeny tested sires, twenty to twenty-six months of age could be used as
reference sires and become the standard by which the next generation of young
sires and individuals are evaluated in numerous herds.
The prediction of each animal's genetic merit for both reproduction and
postweaning traits could potentially improve the rate of genetic progress for
maternal (dam-breed) lines. A number of alternative selection procedures have
been suggested for the improvement of maternal lines.
One alternative might be
to ignore the reproduction traits and be concerned only with the more highly
heritable and earl ier-expressed post-weaning traits including growth rate,
backfat thickness and feed conversion. Another proposed alternative has been
to select for post-weaning performance based on individual performance in
combination with a hyperprol if ic sow program.
Hyperprol if ic sow programs have
involved the very intense selection of sows based on four or more reproduction
records and then repeatedly backcrossing the resulting boars back to other
prolific sows (Legault and Gruand, 1976). These hyperprol if ic sow selection
procedures have increased litter size at weaning by approximately .7 to .8 pigs
per litter (Bolet and Legault, 1982; Bichard, 1985). This combination of
sequential post-weaning and reproduction selection has two disadvantages:
(1)
backcrossing produces a genetic lag for post-weaning traits and (2) the
selection criteria at either stage of selection is incomplete. A better
alternative is to base selection at all stages on a maternal index which
weights the genetic merit estimates for both reproduction and post-weaning
performance. The quadratic index would remain the same at the different stages
of selection; however, the data included in each of the genetic merit
evaluations would change for the different stages of selection,
A comprehensive hyperprol if ic sow program could involve the identification
of the top third—parity sows based on the quadratic index for a maternal
objective. Genetic evaluations for reproduction could then include her own
records and the performance of her relatives including her dam, full— sibs and
half-sibs. The genetic evaluations for post-weaning traits could include her
own performance, her sibs and her progeny from her first litter. These
hyperprol if ic—productive sows could be more accurately selected on more
comprehensive criteria than in the past. The selected sows could then be mated
to the top young sires based on the same maternal index. One or more boars
from each designed mating could then be tested for postweaning performance at a
central facility. This central facility could be a health controlled nucleus
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herd, in which case, the litters could be transferred via embryo transfer, or a
conventional central test facility. The highest-indexing boars based on the
maternal objective (quadratic index) could then be artificially inseminated to
recently-identified hyperprolific sows and the process repeated.
GENERAL DISCUSSION
The use of genetic evaluation programs which
with performance data from relatives potentially
genetic progress within the swine industry. The
necessary to develop national genetic evaluation
well worth the effort in terms of returns to the
Schinckel, 1985).

combine individual performance
will increase the rate of
research and implementation
programs will be a major task
swine industry (Smith, 1978J

Implementation of the genetic evaluation program will allow more rapid
genetic progress and lead to more efficient pork production. Assuming a
conservative estimate that only one-half the potential genetic progress is
realized, selection based on the genetic evaluation program will improve the
profit-potential of a medium-sized (1,000 hg/yr) farrow-to-finish commercial
producer by 831,000 after ten years and 878,500 after fifteen years (Schinckel,
1985), assuming constant production costs and market values. Assuming a data
collection and analysis cost of 6 dollars per record (sow productivity or
individual postweaning performance), selection based on the genetic evaluation
program will return to the industry 28.7 dollars per dollar invested in the
first ten years.
In fifteen years, selection based on the genetic evlauation
program will return 42.7 dollars per dollar cost assuming that only one-half
the potential genetic progress is realized.
For the genetic evaluation program to be successful in improving the
efficiency of commercial swine production, the swine industry must understand
and accept its use. Leaders of the swine industry, state extension personnel,
pork producer representatives, and supporting industry (i. e. feed, health, pork
processing) leaders must realize the potential impact of genetic selection to
the swine industry (Schinckel, 1985) and support the use of the program.
Commercial producers must be aware of the relative value of genetically
superior seedstock animals.
They must be interested in the program and be
willing to pay a premium for genetically superior seedstock animals in order to
motivate participants in the program to achieve improvement throughout the
swine industry.
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