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SUMMARY
Quantitative de-finition o-f selection objectives is

-fundamental to the genetic improvement o-f production system 
economic performance. Total cost per unit o-f output <e-f -f i ci ency) 
with or without "normal pro-fit" regarded as a production cost may 
be used to measure economic performance. Different
production/marketi ng systems may shift the distribution of
production costs among segments of the life—cycle or alter the 
relative values of outputs. A bioeconomic model has been used to 
predict the physiological and economic effects\of genetic change 
in different systems. When pork is valued by lean weight, a 
single selection index may be adequate for several different 
systems. However, when pork is priced by weight alone, the 
relative importance of growth traits is very sensitive to 
marketing strategies (age vs. weight constant). Selection indexes 
to reduce cost per unit of lean are very different from indexes 
used to reduce cost per unit of liveweight.

INTRODUCTION
Improvement of the economic performance of animal production 

systems through breeding methods includes choices among mating 
systems, breeds and potential parents within breeds. Fundamental 
to these choices is clear definition of the breeding objective. 
Production/marketing systems may differ with respect to the 
distribution of input costs as well as the relative value of 
outputs. The purpose of this paper is to discuss the principles 
of establishing breeding objectives and how breeding objectives 
are affected by different production/marketing systems. Emphasis 
will be placed on selection within breeds or synthetics to be 
used for purebreeding and(or) rotational crossbreeding.

STATISTICS VS. BIOLOSY
The selection index (Hazel, 1943) maximizes genetic progress 

or a production goal quantitatively influenced by two or more 
traits. In this context, genetic merit (H) is defined by a 
linear combination of breeding values (G.) each weighted by 
corresponding economic weights (a.). The relative importance of
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traits -for index selection (Dickerson, 1982) may be evaluated by 
comparing values of B' = ^ur k c a  ^Dr different traits, where 
b g is the partial regression of H on G and if is the additive 
genetic standard deviation.

Fowler et al. (1976) have criticized selection index as 
essentially a "black-box" approach that does not consider the 
physiological basis of animal performance. Certainly, a selection 
index may be constructed from strictly a statistical viewpoints 
however, the user is the one ignoring biology, not the method. 
Yet, the point made by Fowler et al. (1976) is an important one. 
Changes in gene frequency have physiological consequences which 
need to be understood and exploited (Land, 1981). Tess et al. 
(1983a) have developed a bio-mathematical model of pork 
production to simulate the effects of genetic change on 
production system efficiency. This work was an attempt to 
integrate results from nutrition, genetics, physiology, meats and 
economics. Economic weights derived from the model should reflect 
the physiological effects of genetic change as understood by the 
authors.

DEFINITION OF THE PRODUCTION OBJECTIVE
Prerequisite to the estimation of economic weights is 

definition of the production objective. Genetic merit is then 
specified by a combination of those genetic traits that influence 
the production goal. In the swine industry, the dominant 
motivation for production is profit.

If consumer demand is reflected in the value of animal 
products in all industry segments (retailer, wholesaler, packer, 
producer), then a clear economic incentive exists for breeders. 
Under such conditions, the consumer is the ultimate benefactor of 
genetic improvement, because increases in profit are met with 
increases in production (i.e more producers or output per 
producer) and lower prices. When consumer demand is not reflected 
in product value, a certain amount of "selection inertia" 
results.

Definition of breeding goals should be considered long-term 
decisions because genetic change occurs slowly. liajala (1976) 
and Fowler et al. (1976) have argued that economic conditions are 
too unstable to be used for decisions such as breeding goals. 
They proposed measures of merit based on biological input/output 
efficiency (i.e. feed consumed and lean produced). However, 
monetary costs per unit of feed may vary between young pigs and 
adults and among genotypes. Similarly output from market pigs and 
sows differ in value. Furthermore, non—feed costs are a permanent 
and substantial part of production costs and are affected by 
animal performance. The term "biological" in this context is 
artificial in that feed costs are only important because they 
cost money. Oxygen and water are also biological inputs which are 
influenced by animal performance, yet seldom included in measures 
of merit because their cost is negligible.
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Harris (1970) proposed that breeding objectives should be 
based on profit, return on investment or cbst per unit of 
production. Dickerson (1970, 1976, 1978, 1982) has proposed 
lnput/output efficiency as the appropriate measure of system 
performance. James (1982) criticized the use of efficiency 
because economic weights based on efficiency are dependent upon 
trait means (i.e. current performance levels). Using simplistic 
F>ro'f**' equations, James (1982) showed that economic weights based 
on profit were independent of trait means. However, his equations 
ignored the fact that outputs are non-linear functions of animal 
performance (Harris, 1970; Tess et al., 1983b). Hence, economic 
weights derived from a more complex and realistic model are also 
dependent on trait means. Doren (1985) criticized the use of 
efficiency to measure system performance because efficiency is 
non—1inearly related to output over the range of possible values. 
However, when prices are near cost of production (which is 
normally the case), it may be shown that efficiency is 
essentially linearly related to output.

Brascamp et al. (1985) seem to have clarified this issue.
They have shown that when profit is zero or regarded as a 
normal cost of production, economic weights based on profit are 

the same as those based on efficiency. Non-linear responses to 
genetic improvement are an unavoidable reality, hence, current 
performance levels must be considered when estimating economic 
weights. In addition, the importance of some traits may be 
influenced by performance levels of other traits. For example, 
increased milk yield was found to be of little importance by Tess 
et al., (1983b). However, for larger litters and(or) faster
growing pigs, milk may become very important for survival without 
special preweaning management. Therefore, as selection response 
OCCLlr5 or as different populations are used, breeding objectives will need to be revised.

EFFICIENT PIGS VS. EFFICIENT SYSTEMS
Measurement of individual animal efficiency (i.e. feed/gain 

or gain/day) is characteristic of experimental research in animal 
science. Typically, animal performance is measured only over a 
segment of the life-cycle. However, economic efficiency is a 
function of life-cycle production system performance. Genetic or 
management changes which improve individual performance during a 
segment of the life-cycle need to be evaluated for potential 
correlated effects on other segments. For example, improvement in 
growth rate and leaness is often justified on the basis of their 
desirable effects on feed/gain. However, this generally ignores 
the fact that large genetic changes in growth performance may 
require more expensive feed to realize genetic potentials (Tess 
et al. , 1983b). Bio—economic models have proven to be useful
tools for the evaluation of life-cycle performance and production 
system efficiency. Tess (1983b) has shown that improved
littersize, which has little direct effect on individual 
feed/gain, may reduce total herd feed costs per unit of output 
nearly as much as growth rate.
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Some researchers have proposed that only variable costs need 
be evaluated when estimating economic weights (Morris, 1975; 
Pearson, 1982; Wilton, 1982). Yet, economic efficiency is 
maximized by minimizing average total costs, not marginal costs. 
Total costs are the sum of fixed and variable costs, while 
marginal costs are affected only by variable costs. Traits such 
as litter size have their greatest effect by spreading fixed 
costs over more output. Similarly, some management changes such 
as increasing sale weight, may increase feed costs yet reduce 
total costs per unit output by spreading fixed costs over more 
output.

GENOTYPE X ENVIRONMENT INTERACTION AND BREEDING OBJECTIVES
The genetic correlation between progeny performance for the 

same trait in different environments is often used as a measure 
of genotype x environment interaction (GEI). Studies of GEI have 
generally focused on single traits which are assumed to be 
economically important. When calculated from variance components, 
genetic correlations less than unity may be caused by changes in 
rank among genotypes across environments and(or) differences in 
genetic variance (<r̂ ) among environments (Dickerson, 1962).

Frequently, differences in genetic variance among 
environments are considered less important than changes in rank 
and procedures have been developed to adjust genetic correlations 
for this sealing^effeet (Eisen and Saxton, 1983). Differences in 
heritability (ĥ > among environments may be used to identify 
optimum environments for testing potential parents. More 
important, differences in genetic and(or) phenotypic parameters 
among environments may indicate that different breeding 
objectives are needed for different environments. For example, i£ 
feed intake is measured in two environments (A and B) and h„ < h^ 
and(or) ff2 < and if parameters for other components of
genetic mirit Femain constant, then clearly feed intake should 
receive less selection emphasis in environment A than in B. 
Smith and Fowler (1978) have shown that selection objectives and 
methods of testing should be different for restricted vs. ad 
libitum feeding systems. Heritabi1ities for feed intake are 
generally larger under ad libitum conditions (Standal and Vangen, 
1985). Hence, significant GEI may indicate that selection should 
be practiced in the production/marketing system in which progeny 
will perform and(or) that breeding objectives be tailored for 
specific systems.

Genetic change may create GEI by producing genotypes which 
require different management inputs in order to realize optimum 
performance. The simulations of Tess et al. (1983b) have shown
that large genetic increases in leaness should produce pigs that 
require more protein per kg of feed. Increases in number weaned 
per sow will eventually alter the proportion of physical 
facilities devoted to sows (i.e. fewer sows will be needed to 
produce the same number of market pigs). One approach is to 
anticipate these changes and to alter management in order to
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optimize performance for each genotype. The model developed by 
Tess et al. (19B3a) matched physical facilities and feed inputs 
to animal performance. However, if this flexibility does not 
exist, then methods similar to linear programming would be 
appropriate for estimating economic weights.

ECONOMIC WEIGHTS AND EFFICIENCY OF SELECTION
Several researchers have studied the effects of errors in 

economic weights on selection response (Ronningen, 1971; 
Vandepitte and Hazel, 1977; Smith, 1983). Moderate errors have 
had relatively minor effects on the correlation of the index with 
genetic merit. It is pleasing to know that selection index is a 
robust method. Intuitively, however, it seems critical that one 
"know where he is going." Smith (1983) has shown that some errors 
may seriously reduce selection response in genetic merit. Hence, 
animal breeders need to know which production systems require 
different sets of economic weights and to identify groups of 
production systems which may be adequately served by a single set 
of economic weights.

Smith (1983) has shown that the relative size of aĥ ff (<r = 
phenotypic standard deviation) for different traits gives I! gBod 
indication of how sensitive selection response may be to changes 
in economic ^eights. If one trait dominates the index (i.e. high 
values of ah a ), then selection response will be insensitive to 
changes in ecBnomic weights for other traits. However, if a 
balance exists among traits, then selection response will be 
sensitive to any change in economic weights that upsets that 
balance. Minor changes in economic weights often merely shift 
selection emphasis among genetically correlated traits.

ALTERNATIVE PRODUCTION/MARKETING SYSTEMS
Potential differences among production/marketing systems are 

numerous and many alternatives have not been studied. Different 
breeding goals (i.e. major changes in relative values of economic 
weights) might be anticipated when: 1) the distribution of 
production costs is shifted towards different stages of the life- 
cycle, 2) management practices alter phenotypic and(or) genetic 
parameters and 3) marketing policies change the relative value of 
output components.

Tess et al. (1983c) used a bio—economic simulation model to 
estimate economic weights for several production/marketing 
systems. The base system (A) was a continuous farrowing system in 
which pigs were weaned at 28 days and marketed at 100 kg live 
weight. Sows were given a maximum of two estrous periods after 
weaning to conceive before culling, and were allowed to produce a 
maximum of three litters. Alternatives evaluated were: (B) 
increasing weaning age to 42 days and breeding sows at the second 
estrus after weaning; (C> increasing market weight to 115 kg; (D) 
marketing pigs at a constant age corresponding to 100 kg at the 
base performance level; and (E) doubling all feed costs. Table 1 
illustrates the effects of the different systems on the
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distribution o-f production costs. Production system efficiency 
was measured as costs/100 kg carcass lean marketed (HL> and 
costs/100 kg live weight marketed (H >.

Table 1. Effects of alternate production/marketing systems and 
feed price upon the distribution of production costs

Item
1 

1 ia IQ
1 

1loS
1 

1 i<r System 
B C E

Farrowing interval, d 157 192 157 157
Market weight, kg 100 lOO 115 100
Feed Price, $/kg . 126 . 126 . 126 .252

Percentage of input cost associated with csows

19.3 23. 1 17.0 19.3
Fixed 71.7 76.8 69. 7 71.7
Total nonfeed 66. 1 69.5 65.0 66. 1
Total 39.5 43.5 36.4 32.2

Percentage of total costs

Feed 55. 3 54.5 57.9 70.5
Fixed 25.7 27.2 24.4 16.4

aFrom Tess et al. (1983c>.
kpor system D, pigs were marketed at constant age which 
corresponded to 100 kg at base performance level.
Ceg. sow feed costs x 100/total feed costs.

The relative importance of several traits for index 
selection (B' ) is listed for each system in table 2. Growth 
rate, fat percentage and their component traits, lean and fat 
growth, were much more important when output was priced by lean 
content (H ) rather than weight (Hw>. Reducing fat percentage had 
negative effects on Hw, because feed price increased due to 
increased protein content.

Increasing the farrowing interval (ED increased the 
proportion of costs associated with sows (table 1) and hence 
decreased the importance of growth traits relative to maternal 
traits (table 2). Conversely, increasing sale weight (C) or feed 
price (E) decreased costs associated with sows and increased the 
importance of growth traits relative to maternal traits. 
Rankings of the traits considered did not change among systems A, 
B, C and E.
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Table 2. Relative improvement in economic efficiency per genetic 
standard deviation change in performance components 

for alternative production/marketing systems3

Trai t A B
System

C D E

t / l O O  kq carcass lean marketed
Number born alive 100 100 100 lOO 100Preweaning viability 104 106 104 104 104Age at puberty 26 25 26 26 30Growth rate 62 55 79 137 76Percentage fat 183 173 194 178 215Lean growth rate 114 105 129 154 137Fat growth rate 89 86 92 58 106
$/100 kq liveweiqht marketed
Number born ali veb 100 100 100 lOO 100Preweaning viability 103 106 103 104 104Age at puberty 25 23 26 26 30Growth rate 16 16 29 140 17Percentage fat -27 —22 -47 -36 -55Lean growth rate 0 0 -2 60 -16Fat growth rate —36 -31 -47 -85 -54

From Tess et al. (1983c). All traits expressed relative to
number born alive. See text and table 1 for explanation of 
systems.

Divided by 2 to reflect selection on dam or females record.

Marketing pigs by age (D) vs. weight (A) had the largest 
eFFect on breeding goals. For H^, when marketing was at a 
constant age, growth rate and lean growth rate increased 
dramatically in value because genetic increases in these traits 
served to increase output. Decreased fat growth became less 
important because output was decreased when pigs were marketed by 
age.

Smith et al. (198j) computed selection indexes based on the 
economic weights reported by Tess et al. (1983c) for the 
different systems. Relative correlated responses among pairs of 
the five production/marketing systems were evaluated for H and 
Hy. For example, correlated response in H, in A due to selection 
For based on economic weights for B was compared to direct 
response in in A due to selection based on economic weights 
for A. In most cases, correlated responses were high (>95X) 
relative to those expected from index selection based on the 
correct economic weights. However, for H^, selection based on
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economic weights appropriate -for constant age marketing (D) gave 
responses which were much reduced for other systems. Correlated 
responses were 61, 63, 65 and 51% of those expected for A, B, C
and E, respectively. When lower heritabi1ities were assumed for 
reproductive traits, correlated responses were even smaller. 
Responses in H due to selection based on an index for Hw gave 
very low (9%) or negative correlated responses (-30% for low 
heritabilities for reproductive traits).

DISCUSSION
Gjedrem (1972) has shown that all traits of economic 

importance should be included in the definition of genetic merit 
(the breeding goal). When it is not possible or practical to 
measure certain traits, such traits should still be included in 
the selection goal as long as they are genetically correlated 
with traits that will be used as selection criteria. The work 
reported by Tess et al . (1983a,b,c) and Smith et al. (198op) 
attempted to account for several production traits of potential 
importance. However, other traits of potential importance have 
not been evaluated for their impact upon economic efficiency. 
For example, male reproductive traits such as testes size and 
sperm production are heritable and appear to be genetically 
correlated with female reproductive traits (Toelle et al. 1984; 
Toelle and Robison, 1985). Foster et al. (1983) have presented 
evidence that residual variation in feed consumption adjusted2for 
estimated production and maintenance costs is heritable (h = 
.3). The model used by Tess et al. (1983a) assumed no genetic 
variation in the net costs of protein or fat deposition nor in 
maintenance costs not associated with differences in body 
composition. Feed conversion was predicted from rates of protein 
and fat growth and the amount of lean tissue maintained.

CONCLUSIONS
The results of Tess et al. (1983c) and Smith et al. (1983) 

indicate that when pork is priced by lean weight, fatness will 
dominate the selection index. Under these market conditions, one 
selection policy can cover a number of alternative production 
systems.

When pork is merely priced by weight, reproductive traits 
dominate the index. Marketing pigs at a constant age allowed 
growth rate to dominate the index. It should be noted that 
marketing pigs at a constant age assumes no price penalty exists 
for variable carcass weight as long as fat percentage is not 
i ncreased.

These results emphasize the conclusions of Smith (1983). 
When important traits are omitted or unimportant traits are given 
importance (i.e. A vs. D for Hy) then different selection indexes 
are required. Similarly, if the direction of selection for an 
important trait is reversed (i.e. vs. H^) different indexes 
are needed.
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In Europe and Canada price incentives exist for reducing 
■fatness in pigs. Grisdale et al. (1984) concluded that current
markets in the United States do not accurately reflect consumer 
demand for lean pork. Their results suggest a greater price 
discount is needed for added backfat as well as increased carcass 
weight. Clear economic incentives are needed to achieve genetic 
progress in an industry in which animal breeding decisions are 
not centralized.

Bio-economic models have proven to be useful tools for 
evaluating life—cycle swine production systems. In addition to 
providing answers for questions beyond the scope of animal 
experimentation, they help to better integrate the many
disciplines of science. The number of different 
producti on/marketing systems studied for their effect on breeding 
goals must be regarded as limited. Additional traits need to be 
evaluated for their effects on system performance. Hence, more 
research in this area seems warranted.
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