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ABSTRACT

Selection of animals is performed on the basis of a complex of traits, which are characterised by their breeding values and economic
weights. The economic weight (EW) of a trait is defined as the change in economic outcome of a production system caused by a
change in the genetic value of the trait. The methods used for the calculation of EW can be divided into two - objective and subjec-
tive. Using subjective methods, the EW of the traits are set by subjective decisions of the breeders or are calculated according to
desired gains in the given traits. The objective methods describe the behaviour of a production system while increasing the genetic
level of a trait. Production systems can be modelled by positive or by normative approach. The main disadvantage of the positive
approach is the evaluation of historical data (level of the traits and prices achieved in the past) while breeding is oriented towards
the future. Normative approaches describe relations between the levels of important traits and the economic result of the produc-
tion system using profit functions or bio-economic models. These methods are preferred by many authors. The major advantages
of profit function are the simplicity and facility for interpretation of results. Bio-economic models consist of a set of equations
characterising biological and economic parameters of the system. The main advantages are precision, flexibility, inclusion of many
biological details and a more accurate reflection of trait change on overall profitability. These models are difficult to develop but
they are most frequently used for the calculation of EW.
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INTRODUCTION for pigs were reported by Tess et al. (1983a, b) or Houska

et al. (2004), for dairy cattle by Groen et al. (1997), Kahi

Selection of animals is an important part of animal  and Nitter (2004) or Wolfova et al. (2007b), for beef cattle
breeding. Selection is usually performed on the basis of a by MacNeil et al. (1994), Amer et al. (1997), Wolfova et
complex of traits. Each of these traits is characterised by 4 (2007b), for dual-purpose cattle Wolfova etal. (2007b).
its breeding value and economic weight. The economic  Ews for cattle traits under Slovak production conditions
weight (EW) of a trait specifies the change in economic  haye been calculated by Peskovicova et al. (1997), Huba
outcome of a defined production system caused by a ot gl. (2004), Krupa et al. (2005a, 2005b) and Huba
change in the genetic value of the trait (Hazel, 1943). It &t 41. (2006). EWs for sheep traits were published by
is assumed that the change of the trait is implicated by Wang and Dickerson (1991a, 1991b), Almahdy et al.
breeding arrangements and that all production factors (2000), Jones et al. (2004), Fuerst-Waltl and Baumung
are optimised in the system. Economic weights (EWs) of  (2006) and others (Table 1). Economic weights of traits
production and functional traits were calculated for many presented in Table 1 have been calculated for various
species in the past years. For example, economic weights  preeds of sheep kept in various productions systems
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Table 1: List of papers dealing with calculation of economic weights (EWs) for sheep traits

Author(s)

EWs of traits

Ponzoni (1988)

Wang and Dickerson (1991b, ¢)

clean fleece live weight, fibre diameter, number of weaned lambs, live weight, feed intake

lambing rate (lambs born at 2 yrs of age), mature weight, wool growth, milk production,
fertility, precocity of fertility, body lean production at maturity, viability

Nugent and Jenkins (1993)

fertility, precocity of fertility, litter size, relative salvage value

Amer et al. (1999)

ewe prolificacy (number of lambs born per ewe lambing), lamb survival at birth and during
rearing

Almahdy et al. (2000)

conception rate, lambing rate, mortality rate, mature weight, milk production

Gabina et al. (2000)

mean lambing date, ewe lamb fertility, fertility of ewes, litter size, real lactation yield, fat
content, protein content

Kosgey et al. (2003; 2004)

litter size, lambing frequency, pre- and post-weaning lamb survival, ewe survival, lamb
weight at age of 12 months, mature ewe live weight, consumable meat, manure sold,
residual feed intake

Conington et al. (2004)

mature weight, longevity, number of reared lambs, number of lost lambs, weaning weight,
fleece weight, weaning weight, carcass weight, fat class, conformation

Jones et al. (2004)

lean weight and fat weight of female and male lambs

Fuerst-Waltl and Baumung
(2006a)

milk carrier, fat yield, protein yield, daily gain, dressing percentage, EUROP grading score,
longevity, litter size, still birth, losses in rearing, lambing interval, lambing ease

Fuerst-Waltl and Baumung
(2006b)

conformation traits of ewes and rams at auction (type, frame, form, feet and legs, wool,
realisation)

Morais and Madalena (2006)

lamb daily gain, live weight, ewe/ram ratio, fertility, prolificacy, lambing interval, lamb
survival, carcass yield

Vatankhah et al. (2006)

litter size, mature ewe weight, greasy fleece weight, lamb survival, weaning weight

Legarra et al. (2007a)

fertility, prolificacy, milk yield, longevity

Legarra et al. (2007b)

somatic cell score

and management alternatives, with punctual definition
of each trait, character of pricing system and method of
evaluating the economic efficiency of the system.

The objective of this short review is to describe
the methods used for the calculation of EWs of important
traits for sheep. Some papers aimed at calculation of EW
for cattle are used to cover this wide issue.

METHODS FOR CALCULATION
OF ECONOMIC WEIGHT

Methods used for calculation of economic weights
(EWs) may be divided into objective and subjective
methods. A detailed classification is presented in Figure
1 (Bobner, 1994). Using subjective methods, the EWs of
traits are calculated by setting the required genetic gain
for each trait - desired gain method (Simm et al., 1987,
Elsen et al., 1986; Groen, 1989) or they are set by “ad-hoc
approach”. In this case the EWs of the traits are defined
by a subjective decision of the breeders. The EWs are
then multiplied by the standard deviation of progeny
differences for each trait to produce a selection index.
Such an index does not qualify as a true selection index,

but it may have educational value for breeders unfamiliar
with indices as a selection tool. On the other hand, ad-
hoc indices could be misleading because often they are
economically and genetically naive (Bourdon, 1998).

The objective methods use one or more equations
that represent the behaviour of a production system.
The system is modelled by positive (data evaluation)
or normative approach (data simulation). The positive
approach includes regression analysis that establishes
the relationship between the profit of the system and the
breeding values of animals for the evaluated traits. This
method was used, for example, by Gabina et al. (2000)
for calculation of relative economic importance of traits
in sheep. He stated that milk production and fertility
were the most important traits for gross margin in milk
production systems. The positive approach has two main
disadvantages. For the regression analysis, huge amount
of data from the evaluated production system are required.
The economic weights are calculated on the basis of the
level of the traits and prices achieved in the past whereas
breeding should be oriented to the future. For this reason,
the normative approach (data simulation) is preferred by
many authors.
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Normative methods make use of profit functions
or bio-economic models. A profit function is a single
equation designed to represent the relationship between
the performance of animals in economically important
traits and farm-level profit, or some other measure of
economic outcome (Bourdon, 1998). The EWs are then
calculated as the partial derivatives of the profit function
with respect to each trait considered in the breeding
objective. The use of partial derivations enable to avoid
double counting, e.g. increasing milk production is not
accompanied with increasing or decreasing milk fat or
milk protein (Dekkers et al., 2004). The EWs represent
the change in profit induced by a change in the phenotypic
or genetic value of a trait. The major advantage of
profit functions is simplicity and facility of the results
interpretation. Profit functions were used for calculating
EW of traits for Australian Merino sheep (Ponzoni, 1988)
and for Laxta and Manchega dairy sheep (Legarra et al.,
2007a, 2007b).

Single-equation methods for determining EWs
may not be precise and flexible enough for describing
different production systems and economic conditions.
An alternative to the single-equation method for the
calculation of EWs is the use of bio-economic simulation.
Bio-economic models consist of a collection of equations
that characterize biological relationships, simulate
management and economic situations and determine
profitability or some other measures of economic
efficiency of the evaluated production system. Economic
weights are determined from these models by simulating
changes in the genetic level of a trait and noting the
associated changes in overall economic outcome. The
EW of trait i can therefore be usually derived in the
following steps (Dekkers at al., 2004):

1. Running the model for current population means for
all traits, including the current mean for trait , x,, and
recording the average profit per animal: Py,

2. Increasing the mean of trait i by 4 (u, + 4,), while
keeping the means of other traits at their current
values; running the model again and recording the
new average profit per animal: P(u,+4)

3. Deriving the economic weight for trait i, v, as:

Pu,+4,-Pu,
v, = y

Bio-economic models can be deterministic or
stochastic. In a deterministic approach, the mean values
of the input parameters are applied. This approach was
used, for example, by Nugent and Jenkins (1993), Wang
and Dickerson (1991a, 1991b, 1991c) and Kosgey et
al. (2003) in the calculation of EWs of traits for sheep.
In stochastic models, the performance of animals is
described by their mean and variability. This method was
used, for example, by Jones et al. (2004) for calculation
of EWs of carcass traits for terminal sire breeds of sheep

or by Nielsen et al. (2004) for dairy cattle. However, some
authors (MacNeil, 1996; Wolfova et al., 2005) question
the appropriateness of these models for calculating EWs
because a simulated change in the genetic component for
one trait invariably causes change in the performance
of other traits in the breeding objective. In this case,
the EWs do not represent the effects of independent
changes in each trait. A great number of authors prefer a
combination of stochastic and deterministic approaches,
e.g. Amer et al. (1999), Conington et al. (2004), Fuerst-
Waltl and Baumung (2006), Wolfova et al. (2007a,
2007b).

Some of the authors prefer to optimize the
production system while calculating economic weights.
Linear programming or dynamic optimization is mostly
applied. Fisher (2001) used linear programming for
calculation and comparison of economic efficiency of
three sheep production systems — spring, winter and
accelerated lambing. Linear programming optimises the
production system in a stationary state where as dynamic
programming optimises the system in time, during an
investment period. The optimal decision at time 7+/
depends on the system state in time ¢. Almahdy et al.
(2000) applied dynamic programming for the calculation
of EWs of production and reproduction traits for meat
sheep. New optimizations of the system after changing
the level of a trait caused changes not only in the
phenotypic and genetic value of the given trait but also
in all other traits. This problem is the only disadvantage
of bio-economic models that use stochastic simulation
or optimization approaches. But according to Bourdon
(1998), this might be a problem of the definition of EWs
only. If the relative EW of a trait is defined as a change
in the economic outcome per independent unit, which
enables to express the increase in genetic potential of a
trait instead of the performance of the trait, and then if the
genetic potential is included in the breeding objective,
the requirement of independent change is not violated.

The main advantage of bio-economic models is
precision. Simulation models contain large numbers of
equations to represent basic biological relationships;
they include much more biological details than profit
functions, and can therefore more accurately track the
effect of a change in a genetic component of animal
performance on overall profitability. They may also be
more flexible than profit equations. The disadvantages of
bio-economic simulation models include the cost, time
and money to develop them. A further handicap is the
requirement of large amounts of input information that
describe physical environment, management, production,
and economic factors. Obtaining these data from
farmers can be difficult. The models are often designed
to simulate specific production environments and are
therefore not appropriate for other production systems
(Bourdon, 1998). In spite of these disadvantages, bio-
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Fig. 1: Methods used for calculation of economic weights

economic modelling is the most widely used method for
the calculation of economic weights.

CONCLUSION

As Groen etal. (1997) stated that it is impossible to
find the best methodology for deriving EW. The method,
which is the best from theoretical point of view, probably
will not to be the best for practical implementation.
Therefore, when the EW is derived, a fine-tuning of a
sound theoretical basis with all important practical
demands will be necessary. All of the presented methods
used for calculating economic values of important
traits have both advantages and disadvantages. The
normative approach represented by profit functions and
bio-economic simulations seems to be much promised.
The bio-economic models are mainly applied for their
flexibility and precise simulation of specific production,
economic and environmental factors.
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