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Resumo

COSTA, Rodrigo Fagundes. Objetivos de Selecdo e Indices Econdmicos para as ragas
Hereford, Braford e Aberdeen Angus Criadas no Sul do Brasil. 2018. Tese (Doutorado) —
Programa de Pds-Graduagdo em Zootecnia. Universidade Federal de Pelotas, Pelotas.

Resumo: A definicdo dos objetivos de selecdo (BG) deve ser o primeiro passo na elaboragédo
de um programa de melhoramento genético, uma vez que essa definicdo guiara as direcOes a
serem tomadas no programa de avaliacdo genética. A definicdo correta é determinante para o
melhoramento genético efetivo, onde os BG devem ser ponderados de acordo com sua
relevancia econdmica, dada por seus valores econdémicos e pelo tempo e frequéncia que serao
expressos nas proximas geragdes. Os objetivos deste estudo foram desenvolver um modelo
bioeconémico para um tipico sistema de producéo de ciclo completo no sul do Brasil baseado
nas racas Hereford ou Braford, considerando caracteristicas de sobrevivéncia/adaptacao,
fertilidade/longevidade, carcaca, e de crescimento, que permita definir os objetivos de selecdo
e estimar seus respectivos valores econdémicos, para entdo, desenvolver um indice econdmicos
de selecdo que maximize a lucratrividade, combinando as caracteristicas de
sobrevivéncia/adaptagéo (resisténcia ao carrapato), reproducédo (habilidade de permanéncia), e
caracteristicas de carcaca e crescimento (peso ao desmame direto e materno, peso maduro das
vacas, area de olho de lombo e gordura subcuténea) em sistemas tipicos de producéo de bovinos
de corte em ciclo completo no Sul do Brasil, utilizando as racas Hereford ou Braford; e
identificar os objetivos de selecdo através de um modelo bioeconémico relacionado as
caracteristicas de carcaca para melhorar a qualidade da carcaca de animais Aberdeen Angus
participantes do Programa de Avaliacdo Genética Promebo. Os objetivos de selecdo e seus
valores econémicos utilizados nos trés indices desenvolvidos foram estimados por meio de
modelos bioecondmicos. No sistema de producéo tipico de ciclo completo do sul do Brasil, as
caracteristicas que influenciaram o lucro foram peso ao desmame direto e materno, contagem

de carrapatos, peso maduro das vacas, gordura subcutanea, area de olho de lombo, ganho p6s-
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desmame, ganho final e habilidade de permanéncia. A adocdo dos indices econdmicos
desenvolvidos para o Programa PampaPlus permitira aumentar a fertilidade dos animais e a
adaptacdo do rebanho ao parasitismo de carrapatos, aumentando a rentabilidade dos sistemas
produtivos do sul do Brasil, que historicamente apresentam sérios problemas relacionados a
baixa taxa reprodutiva e com parasitismo por carrapato. A importancia relativa e a resposta de
selecéo dos objetivos de selecdo para as racas Hereford e Braford foram semelhantes, indicando
que 0s mesmos critérios e um indice econdmico com pesos similares podem ser usados para
ambas as ragas no programa de melhoramento PampaPlus. O modelo bioecondmico de carcaca
desenvolvido para o Programa de Avaliacdo Genética do Promebo foi capaz de identificar quais
caracteristicas bioldgicas relacionadas as carcacas dos animais deveriam ser melhoradas para
alcancar maior lucratividade, sendo elas o peso final dos animais, a area de olho de lombo, a
gordura subcutanea e a porcentagem de gordura intramuscular. O indice econdémico de carcaca
devera ser adotado pelo Programa de Avaliacdo Genética Promebo, pois a nova ponderacdo dos
criterios de selecdo resultara em maior retorno econdémico aos sistemas de producdo que
utilizam a raca Aberdeen Angus quando comparados aos indices empiricos previamente
utilizados neste programa de avaliacdo genética.

Palavras-chaves — indice de carcaca, indice econdmico, Melhoramento genético animal,

modelos bio-econdmicos, resisténcia ao carrapato.
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Abstract

COSTA, Rodrigo Fagundes. Breeding Objectives and Economic Indexes for Hereford,
Braford and Aberdeen Angus Breed raised in Southern Brazil. 2018. Thesis (Doctor) —
Post Graduation Program in Zootechny. Federal University of Pelotas, Pelotas.

Abstract: The definition of the breeding goals (BG) should be the first step in the elaboration
of a genetic improvement program, since this definition will guide the directions that the genetic
evaluation program will take. The correct definition is determinant for effective genetic
improvement, where the BG must be weighted according to their economic relevance given by
their economic values and for the time and frequency that they will be expressed on the next
generations. The aims of this study were to develop a bioeconomic model for a typical beef
cattle full cycle production system in Southern Brazil using Hereford or Braford breeds
considering survival/adaptation, fertility/longevity, carcass and growth traits, that allows define
breeding goals and estimating economic values to develop an economic selection index that
maximize the profit and combines survival/adaptation (tick resistance), reproduction
(stayability) and carcass and growth traits (direct and maternal weaning weight, mature cow
weight, ribeye muscle area and subcutaneous fat) in a typical full cycle beef cattle production
systems in Southern Brazil using Hereford or Braford breeds; and to identify the breeding goals
through a bio-economic model related to carcass traits to improve the carcass quality of the
Aberdeen Angus herds participating in the Promebo Genetic Evaluation Program. The breeding
goals and its economic values used in the three indexes developed were estimated through
bioeconomic models. In the full cycle production system of Southern Brazil the traits that
affected the profit were weaning weight direct and maternal, tick count, mature cow weight,
subcutaneous backfat, ribeye muscle area, post weaning gain, final gain and stayability.
Adoption of the developed economic indexes in PampaPlus Program will allow to increase the
fertility of the animals and the adaptation of the herd to tick parasitism, increasing the

profitability of the productive systems of southern Brazil, which historically have had serious
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problems related to the low reproductive rates and with tick parasitism. The relative importance
and selection response of the breeding goals for Hereford and Braford were similar, indicating
that the same criteria and an economic index with similar weights can be used for both breeds
in PampaPlus breeding program. The developed carcass bioeconomic model for Promebo
Genetic Evaluation Program was able to identify which biological traits related to the carcasses
of the animals should be improved to achieve greater profitability, being them the final weight
of the animals, ribeye muscle area, subcutaneous fat and percentage of intramuscular fat. The
carcass economic index was adopted by the Promebo Genetic Evaluation Program and the new
weighting of the selection criteria will result in a higher economic return to the production
systems that use the Aberdeen Angus breed when compared to the empirical indexes previously
used in this genetic evaluation program.

Keywords - animal breeding, bioeconomic models, carcass index, economic index, tick

resistance.
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1. Introduction

Brazil has had a significant position in world beef trade, with the largest commercial
beef herd in the world in 2016, comprised of 219.1 million heads (ABIEC, 2017). This is due
to its low cost of production and its extensive area intended for beef cattle.

However, to achieve greater competitiveness and new markets, some aspects still need
to be improved, such as the health status of the Brazilian herd, the management in the farms
and mainly, the productive ability of the animals.

Animal production can be increased by altering environmental conditions such as
management, nutrition, and sanity, or by genetic improvement, which occurs more slowly but
cumulatively and permanently across generations when are identified and reproduced superior
animals with traits of economic importance, increasing the herd frequency of favorable genes
(Cardellino and Rovira, 1987; Lobo et al., 1999).

In spite of the recognition of their contributions to national livestock breeding, the
existing animal breeding programs present an evident deficiency in the characterization of the
breeding goals, that is, determining the direction that selection must follow in order to maximize
the economic return of the activity (Formigoni, 2002).

The revenues and costs are directly related to the phenotype of animals, which is the
combination of genotype and environment effects (P=G + E) (Falconer, 1981).

Over the years, the genetic evaluation programs have based their selection criteria on
traits of ponderal performance neglecting those related to reproductive and adaptation to the
environment, even though these are important aspects in the evaluation of the productive
systems, presenting more economical return than the other growth and carcass traits (Newman

et al. (1992); Macneil et al. (1994); Phocas et al. (1998).
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The permanent objective of a beef farmer should be to produce meat, using sustainable
natural and financial resources, such as the environment (e.g., land, air, water, fauna), work
(e.g., on the farm, feedlot, and industry), and animal welfare, and these factor expand the range
of traits to be considered in breeding programs, making selection decisions increasingly
complex (Garrick & Golden, 2009).

Thus, the farmer should be concerned with selecting animals for several traits, taking
into account their economic contribution to the productive system, and the genetic relationship
to the other characteristics to be selected, and for this, the most efficient way is the selection
through indices, which allows the selection of multiple traits at the same time (Hazel, 1943).

For a long time, selection through indexes was performed using empirical weights for
selection criteria that is, without prior identification of the characteristics that have economic
importance, and the actual financial contribution that each selection objective had in the index
used. This has limited the wide use of selection indexes by producers (Golden et al., 2000).

Currently, many genetic improvement programs have developed selection indexes with
weights based on the economic values of each breeding goal, as ANCP Breeding Program, that
giving greater focus on traits that maximize the economic return of the activity (Lobo et al.
2018).

In this way, the definition of the breeding goals should be the first step in the elaboration
of a genetic improvement program (Urioste et al., 2000), since this definition will guide the
directions that the genetic evaluation program will take , that is, what productive characteristics
should be selected (Garrick & Golden, 2009).

These breeding goals should reflect the economic and production conditions in the
environments in which the animals are raised. The vast environmental management, and
commercialization variability of beef cattle production, makes it almost impossible to define a

general selection objective, even for a single breed (Wolfova et al., 2005).
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For this purpose, the use of bio-economic models that seek to reproduce the conditions

found in the field have been adopted for the correct definition of breeding goals. Such modeling

allows to simulate the environmental and market variations, being the most efficient way to

calculate the economic values of each breeding goal (Pravia, 2010).
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2. Hypothesis

Through the phenotypic data of the Hereford and Braford cattle population of the
PampaPlus Genetic Evaluation Program and local farm survey data, it is possible to develop
bio-economic models to identify the breeding goals for a full-cycle production system typical
of southern Brazil.

The use of an economic selection index for the PampaPlus Genetic Evaluation Program
will bring different weights compared the current empirical selection indices used in this
program resulting in greater economic benefit.

Through the phenotypic data of the Aberdeen Angus cattle population of the Promebo
Genetic Evaluation Program and beef cattle slaughter market data, it is possible to develop bio-
economic models that allow identifying the breeding goals that have an impact on the value of
carcasses destined to premium quality markets in Southern Brazil.

The substitution of the empirical index used in the Promebo Genetic Evaluation
Program by an economic carcass index allows to increase the quality of the animal carcasses
and consequently increase the profitability of farms that use the genetics of animals derived

from this selection index.
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3. Objectives

The present study was developed with the objective of developing bio-economic models
that make it possible to identify the biological traits that impact the profitability of productive
systems and to estimate their respective economic values, and later to develop weighted

selection indices in the most profitable manner, according to the following specific objectives:

1) Develop a new bio-economic models for a full-cycle production system herd-based
of Hereford and Braford breeds, that allow identify the biological traits that affect

the profitability of the system and estimate its economic values;

2) Develop economic indexes to be implemented in the PampaPlus Genetic Evaluation

Program, which weigh the breeding goals in the most profitable way;

3) To develop a bio-economic models that allow estimating economic values for

carcass traits of Aberdeen Angus animals;

4) Develop an economic carcass index to be implemented in the Promebo Genetic

Evaluation Program, which weigh the breeding goals in the most profitable way.
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4. Literature review

4.1 Selection Index Theory

Most breeders of Brazilian herds have commonly adopted for many years as the main
method of selection the choice of animals through one or few traits, usually growth traits.
Garrick (2005) which can be explained by the rapid response to the selection when working
with only one trait, ignoring the others. However, considering only one trait is not an adequate
criterion to represent the economic merit of an animal, since the selection based on it can lead
to the development of economically unsatisfactory animals, either by not considering other
traits of economic importance or by negative correlated response on other characteristics that
were not considered as a breeding goal (Enns, 2007).

In other cases, the breeders select through indexes, taking into account several traits of
economic importance, but does it in a subjective way, that is, without a good scientific support
(Resende et al., 1990).

Selection indices have been proposed in plant and animal breeding programs as the main
way of selecting multiple quantitative traits simultaneously, first described by Smith (1936) and
later by Hazel (1943) that introduced the approach to help producers improve more than one
trait at the same time. Afterward, the approach was named as a selection index.

The theory of selection indexes is based on the fact that each individual has a global
genetic value that is peculiar to him (Hazel & Lush 1942). Hazel defined the concept as
aggregate genotype: the sum of the product of the genetic value and the economic value for
several traits, Aggregate genotypes are a way to amalgamate information for different traits into
a single value that represents the breeding objective. The equation for aggregate genotype (H)

is defined as follows:
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H = aiGi + -+ anGn (41)

where H is aggregate genotypes, a represent economic value, G is genetic value and n
is the number of traits in the objective. In animal breeding, the breeding values (EBV) are

usually used as “G” value in the equation. Then the equation becomes:

H = a,EBV; + - + a,EBV, (4.2)

Statistical methods and computation tools are used to calculate the EBV. In Hazel’s
articles, selection index defined as the sum of product of every traits’ record value and

coefficient as follows:

(4.3)

where | represents index, b are index weights and X is the information (phenotype, EBV,
etc) used for selection. Equation (4.1) includes traits in breeding objective, while Equation (4.3)
includes traits in the selection criteria. In the two equations (4.1, 4.3), the traits can be the same,
or they can be different depending on available information. However, in most situations, the
economically important traits are difficult to record, thus the breeding objectives and selection
criteria are not the same (Dekkers et al., 2004).

The correlation between the phenotypic value, I, and the genetic value, H, corresponds
to (Lin 1978):

COV(LH)
O X0y

r(LH) = (4.4)

20
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where COV (I, H) is the covariance between the phenotypic value and the genetic value
and, o and o7 are the variance of these respective values. The bi coefficients must be
determined so that the correlation r(l, H) would be maximal.

The index-based selection, considering several traits in relation to other methods is
considered the most efficient methodology for the improvement of multiple characteristics
simultaneously, where the superiority of index selection grows with the number of
characteristics involved, and when the relative importance of traits become similar, has been
amply demonstrated (Hazel & Lush 1942; Bourdon,1998). This recognized superiority has
made the great majority of Brazilian beef breeding programs nowadays adopt indexes as the

main selection tool.

4.2 Breeding Goals

For the definition of the breeding goals, it is necessary to identify the characteristics that
must be improved genetically due to its direct impact on the economic benefit of the production
system considered. These traits may be the pregnancy rate, weaning weight, growth, carcass
weight, etc., and their relative importance, given by its economic value, will depend on the
production system and price relationships at the date considered (Soares de Lima et al., 2011).

The traits that must be included as breeding goals can be related in the following
categories: 1) survival/ adaptation; 2) fertility/longevity; 3) food consumption; 4) products and
5) non-food costs. It is possible to adopt as a rule that the characters that affect survival are the
most economically important since the death of cows and calves represents totally lost
production units that had production costs (Bourdon & Golden, 2000).

Fertility and longevity traits come next because they influence the number of units
produced and the proportion of units in the different product categories. Increased fertility, for

example, would result in increased sales of calves and a reduced rate of cull cows. The next
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traits in relative importance would be those related to the consumption of food, as mature size
and residual feed intake, and a final product, as carcass traits. Finally, there would be traits not
related to feeding costs (Bourdon & Golden, 2000).

In a general way, we can classify the breeding goals into growth, reproductive,

survival/adaptation and carcass traits.

4.3 Selection criteria

It is important to distinguish between the traits included in the breeding goals and the
traits used as selection criteria. In the first case, the traits that are economically important, that
is, related to the farms' revenues and expenses should appear. In the selection criteria, they
should preferably be those that can be easily measured with low cost and earlier in the life of
the animals, in addition to presenting medium to high heritability estimates, contribute and are
correlated to the breeding goals (Queiroz et al. , 2005).

Economically important, but difficult to evaluate, expensive or problematic traits can be
replaced in the index by indicator characters to which they are genetically correlated (Brigham,
2011).

After defining the objectives, the breeding goals and/or the selection criteria will be
chosen, from which the predictions of the breeding values of the individuals will be made. The
characteristics considered in the breeding goals are the basis for the formulation of the profit
function from which economic weights are derived (Vercesi Filho, 1998).

The following are the main sets of traits considered economically important within beef

cattle production systems:
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4.3.1 Growth Traits

Due to the ease of measurement, growth characteristics were the first to be used in
genetic breeding programs (Pravia, 2000). Usually, these characteristics are related to the
weight at certain moments in the life of the animals, such as at birth, weaning and eighteen
months old and mature cow weight (Teixeira, 2013).

The weight of the animal at birth is extremely important information, as it portrays the
prenatal growth of the animal, being the earliest information about the individual. It is partly
determined by the individual's genetic ability for prenatal growth and maternal intrauterine
environment (Newman et al., 1987).

The use of this measure in breeding programs is important mainly for European breeds,
aiming to reduce or eliminate problems with dystocia, although it has a positive correlation with
postnatal growth (Bergmann, 1998).

Weaning weight measurement (WW) is used to identify the growth potential of the
animal, together with the cow's maternal ability (Graser & Tier, 1988), and should be adjusted
for the standard age of 205 days in order to the comparison between group members.

In calf-crop production systems, WW is determinant on the profitability, since it is
precisely at this moment that the animals are marketed, where the value paid per calf is per
kilogram of live weight. In general, WW is a trait that presents an intermediate but positive
economic value, justifying the selection for this characteristic (Laske et al., 2012).

According to Rosa et al. (2013), the weight at eighteen months is a measure that reflects
the individual's ability to gain weight in the post-weaning period, with less residual maternal
effect, thus expressing the true quality of the animal in growing and gaining weight. However,
according to Brumatti et al. (2011), this weight presents higher economic value than WW and

inferior economic value to the reproductive traits.
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Teixeira (2013) found a direct heritability of 0.13 for the weight at eighteen months of
the population evaluated by PampaPlus, indicating that there was moderate genetic variability
to adopt this characteristic as a selection criteria.

Mature cow weight (MCW) is highly important in production systems and should be
considered in genetic breeding programs, since when it is increased, it causes several impacts
on the herd, such as the increase in carcass weight, which is positive, since it increases the
revenue of the system. However, when increasing MCW, herd feeding requirements also
increase, resulting in an increase in the cost of production (Bullock et al., 1993; Jorge Jr et al.,
2007; Laske et al., 2012).

For Caprio (2000), the increase of the weight of the females is not accompanied, in the
same proportion, by the increase in the weight of the calves, suggesting economic losses for
cows with large body size.

Ortiz Pefia et al. (2008) considered the maintenance cost as a function of mature weight
and estimated dry matter consumption and included this component in a productive efficiency
index, aiming to increase productivity without increasing costs and without a possible negative
correlated fertility response of cows due to the increase in mature weight.

Exton et al. (2000) and Euclides Filho (2001) affirm that there is a positive correlation
between mature cow size and feed consumption, and Lanna (1997) mentions that if food
resources are inadequate (in quantity and quality), smaller individuals have productive
advantages over larger ones, since, at lower nutritional levels, smaller cows present a higher

rate of conception, compensating for the lower weight of the weaned calf.
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4.3.2 Fertility and longevity Traits

Effective reproduction can be defined as the ability for one generation to produce
enough healthy offspring capable of perpetuating the species (Foote, 2003). In livestock
species, this need is also combined with production of a product for human use/consumption.
In the case of beef cattle, sufficient levels of reproduction can maintain herd size, but there is
still a need for improved reproductive efficiency (Boldt, 2017).

The performance of animals within the system is fundamental to maximize meat
production, making birth the most important reproductive event in a production system by the
generation of a new offspring (Neves et al., 1999).

Currently a beef female is considered reproductively efficient when more than 50 to
60% of cattle conceive each service is achieved (Parkinson, 2004) and beef females at the first
calve are two years olds and subsequently maintain a 365-d calving interval each successive
year. Failing to maintain this interval and then to rebreed is a major cause for culling decisions
in beef cattle systems (Snelling, 1994). While in most cow/calf systems, primary emphasis is
put on management practices to improve reproduction, little selection pressure has been applied
to the measures of reproductive performance (Boldt, 2017).

An improved reproductive rate provides more replacements to choose from which can
boost selection intensity of replacements and in turn increase rate of genetic change.

For many years most Brazilian genetic evaluation programs use only the scrotal
circumference as selection criteria for reproductive purposes, as indicative of sexual precocity,
because it is easily measured, potentially associated with fertility, and would have favorable
genetic correlations with other reproductive and growth traits (McCosker et al., 1990;
Bergmann, 1997; Gressler et al., 1998).

The effectiveness of the scrotal circumference as the only reproductive criteria is

questionable. Studies such as Evans et al. (1999) and Doyle et al. (2000) did not identify a
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relevant genetic correlation between scrotal circumference and pregnancy probability in the
Hereford and Angus breeds, respectively.

Although reproductive traits have a high economic impact, their inclusion within
breeding programs has been restricted due to the difficulty of their registration, low heritability
associated with reproductive performance traits (<0.30), to the low number of phenotypes
collected because several of these characteristics are restricted by sex, and finally to the time
needed to collect phenotypes, since in cases such as stayability, for example, the collection of
this phenotype can take up to eight years (Koots et al., 1994; Cammack et al., 2009).

Stayability is defined as the period the cow produces in a herd, which is a longevity trait.
Another definition of stayability is the probability a cow will remain in the herd until six years
of age given she first calved as a two year old (Brigham et al., 2006). The stayability record is
binary observation for dams enough to have had the required number of calves, coded as 1
(success) and 0 (failure). Because the dam needs to be old enough to have complete records,
other indicators can be utilized (days to calving, calving interval, etc.) which are correlated with

stayability (Golden et al., 2000).

4.3.3 Survival/adaptation Traits

The growth traits were the first to be collected and selected in the genetic evaluation
programs, due to their ease of measurement. However, several authors reported that the
selection just for growth and productive traits for many years could reflect negatively on
reproduction and survival traits, as related in pig (Chen et al. 2003; Arango et al. 2005) and
dairy cattle (Berry et al., 2014; Carthy et al. 2016).

Animals with good adaptation to the environment, resistant to diseases, insects, parasites

and without problems of calving are easier to survive in regions of variable climate and/or poor
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pasture. According to Mezzadri (2007), the rusticity acquired over the years may provide cattle
with less food requirement and greater resistance to parasites, in addition to increasing the
longevity of the breeders.

According to Grisi et al. (2014) the main parasite that causes major economic damages
is the gastrointestinal nematodes followed by ticks (Boophilus microplus), horn fly
(Haematobia irritans), Dermatobia hominis larvae (Dermatobia hominis), myiasis
(Cochliomyia hominivorax) and stable fly (Stomoxys calcitrans).

These authors reported that the economic losses resulting from infestations by
gastrointestinal nematodes represent in Brazil an impact of $ 7.11 billion per year. In this loss
are included expenses with chemical controls, labor, facilities, equipment, weight losses, and
milk.

The method described by Gordon & Whitlock (1939) to evaluate the degree of
gastrointestinal infestation and sanity of the herd, a laboratory technique called egg count per
gram of feces, is used. According to Coppieters et al. (2009), the heritability for egg numbers
of nematodes per gram of feces in dairy cows is 0.21, being considered sufficient for genetic
selection.

Several animal health problems observed in cattle production in tropical and subtropical
regions are directly and indirectly caused by the Rhipicephalus (Boophilus) microplus tick
(Cardoso, 2015). Tick can affect directly the chemical costs, average daily gain, mainly in
younger animal categories, could reduce the growth, weight losses and eventually animal deaths
(Jonsson, 2006).

Annually estimated beef and dairy production losses in Brazil due to ticks could
potentially reach over 3 billion dollars (Grisi et al., 2014).

Thus the selection against tick using the tick count trait is an option to select animals

more resistant to this parasite. Cardoso et al. (2015) observe moderately accuracy values for
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genomic predictions for tick load in Braford cattle, indicating that genomic predictions could

be used as a practical tool to improve genetic resistance to ticks.

4.3.4 Carcass Traits

Nowadays the expansion of the beef market are closely associated with meat quality,
mainly the characteristics tenderness, which is highly valued by consumers (Paz & Luchiari
Filho, 2000; Magnabosco et al., 2006).

In this sense, the emerging demand for organoleptic quality and food safety of beef has
modified the meat market, where cuts of meat presented in trademarks that have proven origin
and come from animals with racial standard recognized for having different quality, has
received added value, causing slaughterhouses to establish compliance specification standards
in the purchase of the animals, attributing bonuses to the producers (Ferraz & Felicio, 2010;
Barcellos & Oaigen, 2014).

Aiming to occupy this growing market niche, several breeders' associations from many
countries have implemented genetic evaluation programs that include the genetic improvement
of carcass traits (BIF, 2002), searching for earlier and heavier animals with higher yields of
carcass, greater marbling, and with sufficient subcutaneous fat finishing to preserve meat during
the postmortem period (Magnabosco et al. 2006).

Selection through ultrasound measurements can result in predictable genetic
improvement for carcass characteristics. The ribeye muscle area (REA), measured through the
technique of ultrasound on the muscle longissimus dorsi, is an indicator trait of the carcass yield
and is associated with the final weight and the carcass weight (Moser et al., 1998).

The subcutaneous fat (FAT) is a selection criteria important to measure and improve the

carcass fat cover, that is related to the quality of the carcass. Usually, this measure can be
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measured between the 12th-13th rib, at a point three-fourths of the distance from the medial
end of the longissimus dorsi muscle or above the rump, as is a fat depot that is highly related to
12th-13th rib fat thickness (genetic correlation exceeding 0.70). This measurement can be
beneficial when scanning very lean animals such as yearling bulls and can be used to improve
the overall accuracy of external fat estimation (BIF, 2002)

The percentage of intramuscular fat (IMF), also measured by ultrasound in this muscle,
is highly correlated with the amount of intramuscular fat in the carcass (Moser et al., 1998).

The economic values of these traits are dependent on the preference of the customer

and accordingly to market.

4.4 Derive economic weight

With multiple trait selection, economic weights provides direction to the selection
program (MacNeil et al., 1997). Finding the economic weight of each trait is the first step in
framing the ideal toward which the breeder is to strive (Hazel & Lush, 1942). Two parts are
involved with cumulative gene expression: marginal economic value and discounted gene
expression (DGES) (Ponzoni & Newman, 1989). The DGE are used to adjust economic values,
and the economic weight is the product of economic value and DGE. Thus, in order to obtain

economic weight, economic value and DGE are first required (Zeng, 2013).
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4.5 Economic values

The economic values are necessary to ensure that the emphasis of selection is
proportional to the economic importance of each of the characteristics in a breeding goal, and
may vary in importance according to the productive system (Amer et al., 2001).

According to Zeng (2013), three ways are usually used to estimate economic value: The
first is using regression of profit on related traits (Crews Jr et al., 2005). Second, is building a
profit equation based on the production system and using partial derivatives of the profit
equation to get the economic value (Ponzoni & Newman, 1989; Van Arendonk, 1991; MacNeil
et al., 1994). Third, simulate the production system and combine the economic and biological
information to build a bio-economic profit equation and then evaluate the impact of change in
each production variable on profitability (Van Arendonk, 1985; Koots & Gibson, 1998; Tess &
Kolstad, 2000). The simple profit equation approach may be adequate for simple production
system while more complex system can be described by bio-economic model (Kluyts et al.,
2004).

To estimates the economic values for complex production systems, first, a economic
model was developed and a base profit calculated. After this, each breeding goal was increased
in one unit without changing the other traits in separate simulations. The differences between
profits observed in these latter simulations and profit from the baseline simulation divided by

the number of dams were the economic value of the respective trait (MacNeil et al., 1994).
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4.6 Bio-economic models

The determination of breeding goals the first part of the process requires that a bio-
economic model must be developed that describes the productive process (Ponzoni & Newman,
1989; Cardellino, 1995).

According to Jorge Junior et al. (2006), modeling is the main tool used to derive the
economic values of traits of interest through the application of profit equations or bioeconomic
models. Since these models are based on joint analyzes between the economic and productive
aspects, relating costs, revenues, biological data and the management carried out in the farms
and have been used to obtain economic values in production systems of beef cattle.

The first step of development of a bio-economic model is describing the production
process in each situation of interest consists of the following stages (Ponzoni, 1988): 1) Specify
the production system, herd production, and market; 2) Take inventory of income and expenses
of the activity; 2) Determine the breeding goals, that is, the biological characteristics that
constitute the revenues and expenses and therefore affect the profit of the system; 3) Derive the
relative economic values of the traits identified in item 2).

However, according to Dijkhuizen et al. (1997), in the development of a bio-economic
model, it is difficult to get complete availability of necessary information. Thus, the complexity
of each model depends to a large extent on the availability and detail of the information
collected.

Phocas et al. (1998) reported that it is difficult to compare the economic values of
different breed and production systems, since the breeding goals may differ considerably
according to the circumstances of production, where these circumstances can be defined as the
set of factors that characterize each farm, which can cause significant differences in costs and

revenues across production systems (Groen, 1989). Therefore, it should be emphasized that
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each bio-economic model represents the production system for which it was developed, not
necessarily being useful to any other production system without adaptations (Campos, 2013).
In this way, as many factors influence the economy of beef cattle production, for the
estimation of economic values for well-defined breeding goals, it is necessary to develop a
specific model for each breed and production system, considering all the elements that affect
the performance of farms, be they genetics used, nutrition and economic management (Jones et

al., 2004).

4.7 Discounted genetic expressions

When a breeding program decides directs the selection for a group of traits, using a
selection index, it is expected that some traits will express less than others because some traits
will only manifest itself at the end of the animal's life cycle, as carcass weight, for example,
and others will manifest in the beginning of life cycle, as birth weight or weaning weight, so
the time is relevant for the decision of how much weight should be given in the selection process
(Gibson & Wilton, 1998).

On this way, the discounted expressions models could adjust the economic values
through coefficients calculated that take into account the frequency and the time that a trait
needs to be expressed, considering animal life cycle, as selecting traits that resulting in more
rapid changes in the profit could give more economic benefit compared to traits that take longer
to be expressed (McClintock & Cunningham, 1974; Borg, 2004).

The principle of discounted gene flow has historically been used in animal breeding and
genetic fields (Ponzoni & Newman, 1989; Amer, 1999; Jiang et al., 1999; Berry et al., 2006).

Ponzoni and Newman (1989) indicated that since the discounted gene flow method takes into
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account both the frequency and the time of expression of traits, it should be the preferred method

used in the estimation of economic values for beef cattle.

4.8 Economic Indexes using expected progeny differences (EPD)

The concept of combining genetic evaluation and economics is not new, as it was first
introduced by Hazel & Lush (1942) and Hazel (1943), however, for a long time was rarely used
by farmers and their genetic evaluation programs, which only provided the results of the genetic
evaluation to the producers and allowed each individual farmer to weigh each trait in the way
that they believe it was the best (Bourdon, 1998).

However, in the last decade, the development and implementation of economic indexes
have become a trend, since they allow producers to scale the economic contribution of the use
of each sire on their farms.

The economic index (I) could be applied using phenotypic or genetic information and
this differ in the information used to calculate the b.

MacNeil et al. (1997) demonstrated how to calculate the vector (b) of weighting
coefficients for each source of information in the index using the equation:

b= P 1Gv
(4.4)

Where: P is a n x n matrix of the phenotypic (co)variances among the n traits measured
and available as selection criteria, G is a n X m matrix of the genetic (co)variances among the
n selection criteria and m objective traits, and v is a m x 1 vector of economic values for

objective traits.
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Bourdon (1998) pointed out two serious drawbacks in applying index weighting factors
to phenotypic values for an individual. First, this method lacks accuracy because it does not
incorporate information on relatives. Second, it is biased because genetic differences among
contemporary groups are not accounted for.

These issues can be overcome by using genetic predictions derived from best linear
unbiased prediction (BLUP) instead of individual phenotypic performance (Ochsner, 2016).
Henderson (1963) demonstrated that if genetic predictions derived from multitrait BLUP are
available for all traits in the breeding objective, genetic predictions can simply be substituted
for true breeding values when calculating the aggregate genotype.

Schneeberger et al. (1992) presented the models needed to compute index weights for

the more likely case in which traits in the breeding goal differ from those for which genetic

predictions are available. The equation to estimate index coefficients to be applied to EPD is:

b= G XGyxV
(4.5)
Where: Gy4! is the inverse of genetic (co)variance matrix between the selection criteria
in the indexes, G15 is the genetic covariance matrix between the selection criteria and breeding

goals, and v is the vector of economic values for the breeding goals.
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5 Chapter 1 Defining breeding objectives including tick count in Hereford and Braford
of Southern Brazil

Abstract: The definition of the breeding goals (BG) should be the first step in the elaboration
of a genetic improvement program, since this definition will guide the directions that the genetic
evaluation program will take. The correct definition are determinant for effective genetic
improvement, where the BG must be weighted according to their economic relevance given by
their economic values (EV) and for the time and frequency that they will be expressed on the
next generations. The aims of this study were to develop a bioeconomic model (BM) for a
typical beef cattle full cycle production system (FCS) in Southern Brazil using Hereford (HH)
or Braford (BO) breeds considering survival/adaptation, fertility/longevity, carcass and growth
traits, and to define BG and estimating EV for PampaPlus breeding program. To estimate the
BG and its respective EV a hybrid deterministic/stochastic BM was developed for HH and
another for BO to characterize by simulation a FCS, with income based on harvest of fattened
steers, surplus heifers and cull cows. For each animal category was calculated a profit equation.
To calculate the EV for tick count (TICK) was developed a stochastic BM that considered
chemical controls, weight loss and the probability of animal deaths caused by ticks or tick borne
diseases. After defined de BG and their EV, each one was adjusted through the respective
discounted genetic expressions (DEV) to account for population gene-flow. In the FCS of
Southern Brazil the traits that affected the profit were weaning weight direct (WWd) and
maternal (WWm), TICK, mature cow weight (MCW), subcutaneous backfat (FAT), ribeye
muscle area (REA), post weaning gain (PWG), final gain (FG) and stayability (STAY). The
BG with higher DEV was STAY followed by TICK, FAT, PWG, WWd, REA, FG, MCW and

WWm. To select more profitable animals, the traits TICK, REA, FAT, STAY traits should be
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included as BG in the PampaPlus breeding program, together with the traits conventionally
identified as BG: WWd, WWm, PWG and FG.

Key Words: beef cattle, bioeconomic models, breeding goals, economic values, tick resistance.

5.1 Introduction

Currently, several breeding programs have developed selection indexes with weights
based on the economic values of each breeding goal (BG), prioritizing, or giving greater focus
on traits that maximize the economic return of the activity (Formigoni, 2002).

In this way, the definition of the breeding goals and their respective economic values
should be the base point for the establishment of an genetic improvement program, since will
guide the selection for economic relevant traits (Urioste et al., 2000; Garrick & Golden, 2009).

Several biologic traits can affect the profitability of beef cattle herds, that varies
according to the production system particularities. These traits are defined as BG and the correct
definition are determinant for effective genetic improvement, where the BG must be weighted
according to their economic relevance (Amer et al., 2001; Pravia et al., 2014).

As many factors and traits influence the economy of beef cattle production, for the
estimation of economic values for BG, it is necessary to develop an specific bio-economic
model for each breed and production system, considering all the elements that affect the
performance of farms, as the genetics, nutrition and economic management (Jones et al., 2004).

A general option to maximizing the profitability across the Southern Brazilian beef
chain would use a full cycle economic index because this production system includes all
production phases (calf cropping, stocking, and finishing) and, therefore had the greatest

correlation between economic indexes with other specialized systems (Costa et al., 2017).
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In this production system, many traits need to be considered, such as
survival/adaptation, fertility/longevity, carcass and growth traits, and these traits must be
economically evaluated through its economic values adjusted by the discounted genetic
expressions take into account the frequency and the time that a trait will be expressed. This
considers an animal life cycle, as selecting traits that result in more rapid changes in the profit
could give more economic benefit compared to traits that take longer to be expressed
(McClintock & Cunningham, 1974; Borg, 2004).

The aims of this study were to develop a bio-economic model for a typical full cycle
beef cattle production system in Southern Brazil using Hereford (HH) or Braford (BO) breeds
considering survival/adaptation, fertility/longevity, carcass and growth traits, that allows
defining BG and estimating economic values adjusted by the discounted genetic expressions

for PampaPlus breeding program.

5.2 Materials and methods

To determine the BG and its respective economic values, was used the Ponzoni &
Newman (1989) procedure, based in four steps: (i) specification of typical production systems;
(i) identification of income and expenses sources in the commercial herds; (iii) determination
of biological traits that influence the income and expenses; and (iv) estimation of economic

values for each trait included in the selection goals.

I. Specification of typical production systems
There are three main beef cattle production system in Southern Brazil, which are Calf-
crop, Full cycle and Rearing and finishing production systems, which were detailed by Costa

et al. (2017), who developed three economic indexes, one for each production system, where
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the positioning of the animals was tested against each selection index, by ranking correlation
among the three indexes developed, being verified a high correlation between these indexes,
indicating that only one economic index could be used to promote genetic improvement for the
three production systems.

On this way, only the Full cycle production system, that considers the production system
as whole, was considered, to avoid multiplicity of selection indexes, which may reduce
understanding and acceptance by breeders.

The Full cycle production system is characterized by extensive production on grass-
based feed, resulting in the sale of 24 months old fat steers, 30 months old fat heifers and

fattened cull cows.

ii. Identification of income and expenses sources in the commercial herds

To identify the incomes and expenses was developed a hybrid bio-economic model that
was deterministic regarding herd structure, feed demand, veterinary and labour costs, and
performance, and stochastic for carcass value and tick burden. Models were specific for HH
and BO breeds and in both cases based on 10,000 females.

The first step was to define the herd structure, which was done using a Leslie matrix
model (Leslie, 1945; 1948). The parameters used in the Leslie matrix were the distribution of
pregnancy and survival rates (SR) of each dam age and were calculated based on the PampaPlus
database, considering dams until 10 years old once the proportion of dams older than this was
very low in this population. These parameters are shown in Table 5.1 as well the number of

animals generated in each category.

48



1038
1039

1040
1041
1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

Table 5.1 — Survival rates, pregnancy rates and number of animals according to animal age
and category used to specify Leslie matrix parameters.

Animal Age of animals Survival rate Pregnancy rate Number of
category (%) (%) animals
Females
fcalf 0-7 months - - 1,930
yrhf 7 months - 1 year 97.50 - 1,293
yrhh 7 months - 1 year 97.50 - 588
y2hh 1-2 years 97.50 - 574
y3hh 24 - 30 months 99.00 - 551
y2hf 2 years 99.00 - 1,280
dam3 3 years 99.00 82 1,266
dam4 4 years 78.00 64 987
dam5 5 years 79.00 72 780
damé6 6 years 93.00 72 725
dam7 7 years 87.00 72 630
dam8 8 years 80.00 68 504
dam9 9 years 75.00 64 378
dam10 10 years 60.00 60 226
Males
mcalf 0 - 7 months - - 1,930
yrst 7 months - 1 year 97.50 - 1,881
y2st 1-2years 97.50 - 1,834
bulls - - - 138

fcalf = female calf; yrhf = yearling replacement heifer; yrhh = yearling heifer to harvest; y2hf = two years old
replacement heifer; y2hh = two years old heifer to harvest; y3hh = 30 month-old heifer to harvest; dam3-10 = three
years old dam to ten years old dam; mcalf = male calf; yrst = yearling steer; y2st = two years old steer.

The definition of herd structure is necessary to correctly determine income and expenses

of the production system according the animal category.

Definition of the Expenses

The costs of this production system were divided into four main cost centers: feed, labor
(permanent and temporary labor), veterinary (vaccines, control of endo and ectoparasites, drugs
and costs with veterinarians), and finally, cost with mineral supplementation for the animals.

Feed costs. To calculate the feed costs, the first step was estimate the feed requirements
per animal category, that was based on the average live weight and physiological stage of the

animals, such as growing, growing and pregnancy, maintenance and pregnancy or fattening.
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The average live weight of the dams was calculated based on the mature cow weight
(MCW), measured at weaning of their progenies, and the maturing rate of dams, that were
calculated in R Software (Anon, 2016) through Brody’s growth curve (Brody, 1964) using
20,574 and 33,708 weight records from PampaPlus for HH and BO dams, respectively.

Thus, to estimate the live weight of dams was used the following equation:

LWage = MCW — (MCW — BTW)(~ MR xage)

where: LW is the average live weight of dams, age is the age in days of the dams, MCW
is the mature cow weight, BTW is the birth weight (34.685 kg and 34.86 kg, for HH and BO,
respectively in PampaPlus database), and MR is the maturing rate.

The energy requirements in mega calories per day was calculated based on the follow
equations, that as based on NRC (2000):

for calves, yearling and two years heifers and steers the total energy requirements (NEt)
per day, in mega calories required per animal was calculated by:

NEt = NEm + RE,
for first calving dams by:
NEt = (DMg x NEgd) + NEm + NEc + NEI,
and, finally, for dams by:
NEt = NEm + NEc + NEl + NEd.

In the equations above RE is the retained energy, DMg is dry matter for gain, NEgd is net gain
energy per kilogram of dry matter, NEm is net maintenance energy per kilogram of dry matter,
NEfg is net energy for fetal growth in megacalories per day during the last trimester, NEI is net
energy for milk production, and NEd is the delta value, which varies according to the animal's

body condition score (Buskirk et al. 1992). These values were calculates as follows.
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Metabolic energy (Mega calorie per kilogram of dry matter):

_ (TDN x3.608)

ME
100

TDN is the total digestible nutrients, equal to 55%.
Net maintenance energy per kilogram of dry matter:

NEmd = (1.37 x ME) — (0.138 x (ME?)) + (0.0105 x (ME?)) —1.12
Net gain energy per kilogram of dry matter:

NEgd = (142 x ME) — (0.174 x (ME?)) + (0.0122 x (ME?®)) — 1.6
Previous body score effect for compensatory growth correction:
PBSE = 0.8+ ((BS — 1) % 0.05),
where: BS is the body score, which was considered equal to 5 for dams and growing animals
and equal to 7 for finishing animals.
Fasting body weight:
BWf = BW x 0.96,
where: BW is the body weight.
Maintenance net energy in mega calorie per kilogram of metabolic weight:
NEm = PCJe%7> x (0.077 X GGE x PBSE)

where: GGE is genetic group effect, were is equal to 1 for taurines and 0.95 for crossbreed
animals.

Dry matter for maintenance:

NEm
NEmd

DMm =

Dry matter intake:

94—-13500
DMI = BW°75 x (0.0194 + 0.0545 x NEmd) + (0.2 x MP) X <—( Y )>’
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where: MP is the milk production, which was considered and average of 4.00 and 4.44

kilograms per day for HH and BO dams, respectively, which first calving cows and second

calving cows produce 19 and 5% less of this value (Rodrigues et al., 2014).
Dry matter for gain:

DMg = DMI — DMm
Net energy for fetal growth in mega calorie per day during the last trimester:

(215 x90)

NE
¢ 280

Net energy for milk production:
NEL = MPO%75,
and finally, retained energy:

RE = 0.0635 x ((0.96 x BW)%7%) x ((0.956 x ADG)97)

The energy requirements, in mega calorie per day, for all animal categories was showed

in Table 5.2.
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Table 5.2 — Parameters of herd according to breed.

Category Age Feed d’;l;s ALW ER Uii\?ver
HH BO HH BO
mcalf 33-205 NG 173 7498 74.77 3.04 2.89 1.67
yrst 206-266 NG 60 194.84 19460 4.72 4.53 1.58
yrst 267-387 CP 120 253.04 242,60  7.33 6.87 1.58
y2st 388-612 NG 225 339.29 339.05 7.17 6.87 1.61
y2st 733 CP 120 42554 387.05 10.83 9.76 1.61
bulls - NG 365  700.0 - - - 4.06
fcalf 33-205 NG 173  68.73  69.29 2.75 2.74 1.48
yrhf 206-365 NG 160 209.57 210.13 5.36 5.07 1.45
y2hf 730 NG 365 307.11 298.07 6.61 6.05 1.48
y3hh 730-900 NG 170 385.49 365.57  7.89 6.56 1.48
dams - NG 365 5242 4567 1226 1151 1.21
cullé 1460-1580 CP 120 483.30 452.06 1298 1259 1.21
cull8 1825-1945 CP 120 521.86 478.76 1345 1292 1.21

Age = age of animal, in days; Feed = type of feed; NG = native grassland; CP = cultivated pasture; ALW =
average body weight, in kg; ER = energy requirements in megacalories per day; US$ per ALW = average price
per kilogram of live weight; fcalf = female calf; yrhf = yearling heifer; y2hf = two years old heifer; y3hh = 30
month old heifer to harvest; dam = dams; mcalf = male calf; yrst = yearling steer; y2st = two years old steer;
bulls = bulls, cull6 = six permanent teeth cull cows; cull8 = eight or more permanent teeth cull cows.

To calculate the feed cost for each animal category first was calculated a base cost in

dollars per mega calorie (CMcal), using yearling steer requirements and the following equation:

[Rental cost]

CMcal = (StRXNEY) '

where: StR is the stocking rate in natural grassland or cultivated pasture (360 kg or 810 kg of
live weight per hectare, respectively); Rental cost was expressed in US$ per hectare per day,
estimated in US$ 0.24 for natural grassland and U$S 1.47 for cultivated pasture; NEt is the
energy requirements, in mega calories per day, based in a yearling steer parameters.

The total feed cost the herd was calculated by summing the energy requirements of each
the animal categories (Table 5.2) multiplied by the cost per mega calorie, considering natural

grassland based feed or cultivated pasture based feed.
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Labor costs. According to the Anualpec (2015), for FCS farms, an employee is able to
take care of 329 animal units (AU) per year, which corresponds to 148,050 kilograms of live
weight.

Based on this value, the weight of all the animals was added and then divided by 450
kilograms, generating the total AU value on the property, which was later divided by the
number of animal units that each employee is able to take care of per year, generate the
necessary amount of employees for this production system. Animal categories that do not stay
the whole year on the farm (calves, harvest heifers and cull cows) had their costs accounted
according the period that they stay on the farm.

In order to calculate the value of the salary of each employee, a survey was carried out
with the union of rural workers in Southern Brazil, which totaled US$ 6,545.45 per year (salary
plus charges). In this way, the total value of the salary cost of the employees was added, dividing
by the total kilograms of live weight in the farm, to then generate the cost of labor per kilogram
of live weight. This information allowed to account in the bioeconomic model for the increase

in labor cost due to the increase in animal weight.

Veterinary costs. The veterinary costs were estimated according to the sanitary plan

performed annually to take care of the herd health, which varied according to the animal

category (Table 5.3).
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Table 5.3 - Herd sanitary schedule.

Endo Ecto FMD BOVR BLD CLOS BRU IBR+BVD LEP

mcalf 1 2
yrst 2
y2st 3
fcalf 1
yrhf 2
y2hf 3
3
2
3
1

[
[

[ =y S
1
1

dams
yrhh
y2hh
y3hh
Cull cows 1 1 1 1 1 - - -

| ol el el e el el e e e

|l B e T e e NS

|l el el ol e ]

PP FPRFRPEPRBRE
1 N DN

PNOPFPOORFRPPEFOW

Endo = endoparasites; Ecto= ectoparasites; FMD = foot-and-mouth disease; BOVR =Bovine rabie; BLD = Black
leg disease; CLOS = Clostridiosis; BRU = Brucellosis; IBR + BVD ; LEPT = Leptospirosis; fcalf = female calf;
yrhf = yearling replacement heifer; y2hf = two years old replacement heifer; yrhh = yearling harvest heifer; y2hh =
two years old harvest heifer; y3hh = 30 months old heifer to harvest; dam = dams; mcalf = male calf; yrst =
yearling steer; y2st = two years old steer.

The cost of each treatment was estimated through market research to determine the value
per dose, when the drug is applied in a single dose, or per kilogram of live weight for drugs
applied as a function of the live weight of the animal.

Vaccines against foot-and-mouth disease, rabies, blackleg, clostridiosis, brucellosis,
IBR / BVD and leptospirosis had an average cost per dose of US $ 0.454, 0.182, 0.364, 0.364,
0.606, 2.121 and 0.242, respectively.

The controls of endo and ectoparasites are performed through the use of products related
to live weight of the animals (Table 5.2), where the cost of chemical control per kilogram of
live weight was US$ 0.0021 and 0.0024, respectively.

Mineral costs. The average mineral salt intake per animal considered was 0.07% of the
live weight (Moreira et al., 2001), where the average value of one kilogram of mineral salt
practiced in the region was US$ 0.32. Thus, the mineral supplementation cost per animal

category depended on their average live weight.
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Total costs. The total cost is the sum of feed, veterinary, labor and mineral

supplementation costs of all animal categories.

Definition of the Incomes

In this production system, the revenues are given by 24-month-old finish steers, 30-
month-old fats harvest heifers, and fattened cull cows.

To perform the simulation of the carcass values of the animals in the bio-economic
model, a base price survey was performed for each kilogram of hot carcass in the region, which
was identified as US$ 3.12 per kilogram of hot carcass for steers and US$ 2.79 for females.

After this survey, the value of carcass kilogram for each animal was calculated
considering the main bonus grid of carcasses of the HH and BO breeds in Brazil practiced in
the year 2018, which classifies the carcasses of animals that have phenotype of HH and BO
according to the age of the animal, measured through of animal dentition, hot carcass weight
and fat score (Table 5.4).

Table 5.4 — Brazilian Hereford and Braford Association bonus price table in 2018 according
to sex, age and hot carcass weight.

Category FAT SC TEETH CWT (kg) BONUS
1 1 - - -20%
2 2 - - 0%
3 3 - <180 0%
4 3 Oor2 180-199 3%
5 3 0 200-219 7%
6 3 0 220-240 8%
7 3 0 >240 10%
8 3 2 201-239 7%
9 3 2 240-259 8%
10 3 2 >260 10%
11 3 4-6 180-239 3%
12 3 4-6 241-259 7%
13 3 4-6 260-279 8%
14 3 4-6 >280 10%
15 3 >6 - 0%

FAT_SC = subcutaneous fat score; TEETH = number of permanent teeth according animal age CWT = carcass
weight; Bonus = increment in the carcass base price.
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To calculate the average final weight (FW) of the animals that generate income, was
considered the type of feed and the average daily gain according to the type of feed and the
period, in days, in which each animal receives a certain diet.

Depending on the feed (natural grassland or cultivated pasture), the average daily gain
(ADG) and the stocking rate (StR) were different. The ADG of natural grassland (ADGnQ)
was 0.340 kg with a 360 kg/ha of StR. which represents the post-weaning ADG of the female
PampaPlus population and the ADG on cultivated pasture (ADGcp) composed of ryegrass
(Lolium multiflorum) and/or black oat (Avena strigosa) was 0.800 kg with a corresponding StR
of 810 kg/ha (Beretta et al., 2002).

For males, the life cycle on the farm was as follows: after the weaning, when calves are
205 days old, the male calves were backgrounded in natural grassland for 60 days, then they
went to winter cultivated pasture for more 120 days, after this, returned to natural grassland for
more 225 days during summer and fall, and finally they went to cultivated pasture again for
more 120 days to be finished, weighing an average FW of 473.30 kg.

For females, at weaning, 64.27% of the female calves were selected to replace the herd.
These females were matting at 24-month-old and fed only with natural grassland. Other female
calves that was not selected to replace the herd (harvest heifers) also are feed only with natural
grassland, but remains in the farms until 30 months old, when are slaughtered with an average
weight of 474.75 kg and 476.03 kg for HH and BO, respectively.

The cows that do not get pregnant were destined to slaughter and were classified as 3-4
years old (Cull6) or 5 or more years old (Cull8) cull cows. This classification was made because
if cows up to six teeth could get bonus price, according to the Table 5.4. These cull cows were
finished during a period of 120 days in cultivated winter pasture composed of ryegrass and
black oat and their average slaughter weight for six teeth cull cows 531.31 and 500.06 kg and

for eight teeth or more cull cows was 580.78 and 533.47 kg for HH and BO breeds, respectively.
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A stochastic model was used to obtaining simulated carcass values. The values of age
of animals at slaughter (AGE), final live weight, and ultrasound measurements of longissimus
muscle area (ULMA) and backfat thickness (UFAT) were simulated through the mvrnorm
function of the MASS package of R software (Venables & Ripley, 2002), which simulates a
random values as a function of the mean of a variable and its phenotypic covariance with the
other simulated variables.

For the simulation of the animals ages (in days) the following equation was used:

AGE = muAGE + (rnorm X Ofacg)

where: AGE = age of animals, in days, muAGE = average age of animals, in days
according to the determinist model specifications; rnorm is a random value for standard normal
distribution; otace = phenotypic standard deviation age of animals.

After generating an age for each animal, the probabilities of each animal present 0, 2
and 4 teeth according to their age, in days, was estimated through the following equations (M.
D. MacNeil, personal communication, 2017):

P4 = —0.01112 + (0.00003348 x AGE),
P2 = —0.48822 + (0.001364 x AGE), and

PO =1- P2 — P4,

where: PO = probability of dentition equal to zero teeth, P2 = probability of dentition equal to

2 teeth; P4 = probability of dentition equal to 4 teeth; AGE = age of the animal, in days.

For each animal, a probability value between 0 and 1 was generated through the runif
function of R software (R Core Team, 2018). After generating this value, for animals that
presented a probability value less than or equal to PO, the dentition corresponded to zero teeth.

For animals that presented a probability value higher than PO and smaller than the sum of PO
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and P2, the dentition corresponded to two teeth. For animals that presented a probability value
higher than or equal to the sum of PO and P2, the dentition corresponds to four teeth.

To generate the hot carcass weight, was used the follow equation:

FW X cy

t =
cw 100

where: cwt = hot carcass weight; FW = average final live weight; cy = carcass yield.

To estimate the carcass yield, was used the follow equation (Cardoso, 2013):

cy = 49.89 — (0.018438 x FW) + (0.573246 x FAT) + (0.12112 x REA)
+ (rnorm X afcy)

The estimation of subcutaneous fat of the carcasses was performed through the

following equation (Cardoso, 2013):

FATc = —0.105 + (1.0349 x FAT) + (rnorm X ogpur)
where: FATc = subcutaneous fat of the carcasses, in millimeters, FAT = subcutaneous fat of
the carcass measured by ultrasonography, in millimeters; rnorm = random value; oy =
phenotypic standard deviation of carcass yield in percentage; ofaT = phenotypic standard
deviation of subcutaneous fat of the carcass measured by ultrasonography.

After generated the quantitative values of subcutaneous fat in each carcass, they were
classified into five different fat scores, where the score 1 corresponds to values lower than 1
millimeter (mm) of subcutaneous fat in the carcass, score 2 corresponds to values higher than
1 and lower than 3 mm, score 3 corresponds to values higher than 3 and lower than 6 mm, score
4 corresponds to values higher than 6 and lower than 10 mm, and finally score 5, that
corresponds to values higher than 10 mm of subcutaneous fat in the carcass.

For carcasses that had a fat score of less than one, the price for each kilogram was 80%
of the base price, assuming a penalty due to the poor subcutaneous fat of the carcass, and for

the carcasses that obtained a fat score equal to two, the price for each kilogram was equal to the
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base price, assuming that these carcasses did not get a sufficient subcutaneous fat to obtain a
bonus price.

The revenues from this production system were calculated using the following equation:

Revenue = N animals X (1+ bp) X Base price X cwt
where: N amimals = number of steers, harvest heifers or cull cows; bp = percentage of bonus

price or discount; Base price = base price for each animal category; cwt = hot carcass weight.

Profit equation (Profit)

Profit = (strevenue + hhrevenue + Cull6érevenue + Cull8revenue)

— (mccost + yrstcost + y2stcost)

— (fccost + yrrhcost + y2rhcost + yrhhcost + y2hhcost + y3hhcost

+ damscost + cullcost)
where: strevenue = fat steers revenue; hhrevenue = harvest heifers revenue; Cull6revenue = 6
teeth cull cows revenue; Cull8revenue = 8 teeth cull cows revenue; mccost = male calves costs;
yrstcost = yearling steers costs; y2stcost = 24-month-old steers costs; fccost = female calves
costs; yrrhcost = yearling replacement heifer costs; y2rhcost = 24-month-old replacement heifer
costs; yrhhcost = yearling harvest heifer costs; y2hhcost = 24-month-old harvest heifer costs;

y3hhcost = 30-month-old harvest heifer costs; damcost = dams costs; cullcost = cull cows costs.

Determination of biological traits that influence the income and expenses
The biological traits that influence the income and expenses identified in the bio-
economic model were the direct weaning weight (WWd), in kg, maternal weaning weight

(WWm), in kg, tick count (TICK), units of tick, mature cow weight (MCW), in kg, which
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considers the average weight of dams, subcutaneous backfat at 18 months old (FAT), in mm,
which considers the backfat thickness, ribeye area at 18 months old (REA), in cm?, measure of
longissimus muscle between 12-13th rib, post weaning gain, measured at 18 months old (PWG),
in kg, that is the average daily gain when animals are growing, final gain, measured at 18 to 24
months old (FG), in kg, that is the average daily gain on fattening phase, and stayability
(STAY), in percentage, which accounts the percentage of dams older than six years old in the

herd and having given birth to at least three calves.

Determination of economic value for tick resistance (TICK)

To estimate the economic results regarding the TICK and its economic value (EV)
(losses due the tick infection) was adapted a bioeconomic model originally developed by
Simdes (2017) in R software (Anon, 2016), based on the parameters described in Table 5.2 and
Table 5.5, by means of stochastic simulation.

The effect of tick infestation was calculated considering the costs with chemical
treatments, labor, weight losses due to the level of tick infestation and losses due to the
occurrence of animal deaths due to diseases transmitted by a tick, like tick fever caused by
infections of Babesia sp. and Anaplasma sp. (Jonsson, 2006).

The weight losses of the animals due the tick infestation were calculated before the
chemical control and after the effective period of the acaricide. In this period was considered a
loss of 1.18 grams per tick per day in the animals (Jonsson, 2006). The total number of days
that each animal lost weight due to tick infestation was 105 days considering one outbreak
between November and December, and two outbreaks between March and August. Weight loss

was calculated only for commercial animals between 12 and 24 months of age.
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In addition to the previously described parameters, the probability of death due the tick
incidence used was the same verified by Simdes (2017), that simulate a tick infestation curve
following an exponential distribution with E (x) = 1/A, where A is equal to 0.0158504.

Deaths due tick infestations were computed according to deaths diagnosed in the
experimental herd, which was 2.56% per year. The simulation of each death was calculated
using the threshold model, based on a uniform distribution (between 0 and 1), according to the

number of ticks in the animal's body and the death probabilities showed in Table 5.5.

Table 5.5 — Death probabilities due to tick infestation per outbreak.

Outbreak
nTicks <=19 0.30%
19 <nTicks< =61 0.70%
61 <nTicks < =117 1.20%
117 < nTicks < = 157 1.80%
157 <nTicks < =172 2.40%
172 <nTicks < =190 3.20%
190 < nTicks < =512 6.00%
512 <nTicks < =714 11.90%
nTicks > 714 41.30%

nTicks = number of ticks; Outbreak 1 = outbreak of tick in November; Outbreak 2 = outbreak
of tick in February; Outbreak 3 = outbreak of tick in May.

The losses with weight losses were calculated by the multiplication of the number of
grams lost due to tick infestation, times the price per kilogram of each animal category. The
injury to an animal's death was calculated by the amount needed to buy an animal of the same

category to reset this unit lost.
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It was also calculated the losses due to the need for chemical control and veterinary
preventive treatments against tick fever according to each animal category.

For bulls it was considered one preventive treatment against tick fever and two chemical
controls against tick infestation. For the other animal categories were considered two preventive
treatment against tick fever and six chemical treatments against tick infestation. The cost per
kilogram of live weight of tick fever preventive treatment and chemical control was US$ 0.02

and US$ 0.004, respectively.

These losses (Lchetrea) were calculated using the following equation:

Lchetrea = (LW X nanimals)
X [(US$ kg_tickp X N2chem controls)
+ (US$ kg_tickc x N2prevtreatment)|

where: LW is the average live weight of animals in each category; nanimals is the number of
animals in each animal category; US$ kg_tickp is the cost of preventive treatment against tick
fever per kg of live weight; US$ kg_tickc is the cost of chemical control against tick infestation
per kg of live weight.

After the identification of the sources of expenses and losses (weight loss deaths and
costs with chemical control and preventive treatments), a total cost/loss was obtained by adding
up all the losses for each category of animals. This stochastic simulation was replicated 18,000

times to obtain the averaged parameters over replications.

Determination of economic value (EV)
To estimates the EV first a bio-economic model was developed and a base profit or loss
in the case of TICK was calculated. After this, each BG was increased in one unit without

changing the other traits in separate simulations. The differences between profits observed in
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these latter simulations and profit from the baseline simulation divided by the number of dams

were the EV of the respective trait (MacNeil et al., 1994).

Discounted genetic expressions

The discounted genetic expressions (DGEs) for weaning, annual, slaughter, and end-of-
cow-life traits were calculated in maternal purpose HH and BO cattle. The traits are determined
by the frequency and time necessary for a trait to be expressed.

The parameters used in these equations to calculate the DGEs were estimated from
10,000 female simulated herd, obtained by Leslie matrix using actual data from PampaPlus
breeding program database.

The calculations of DGEs for the BG used in this work were based on the approaches
outlined by Amer (1999) and Amer et al. (2001) for sire breeding replacement females, and the
expressions coefficient for each BG utilized are shown in Table 5.6.

Table 5.6 — Expressions coefficient used for each breeding goal.

Breeding goal Abbreviation Expressions coefficient
Weaning weight direct WWwWd (1-K) X (Xgw + X75)
Weaning weight maternal WWm (1-K) x (2 X Xzw)
Tick count TICK (1-K) X Xg4
Mature cow weight MCW (1—K) X Xgga
Subcutaneous fat FAT K X Xrg

Ribeye area REA K X Xrg

Post weaning gain PWG (1-K) x (2 X Xgw)
Final gain FW K X Xrg
Stayability STAY (1-K) X Xg¢

Xts and Xrs are numbers of discounted expressions of a sires genes at birth and slaughter, respectively, per calf
born.
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Xra, Xrw , Xrr and Xrc are numbers of discounted expressions of a sires genes in his daughters at annual calvings,
weaning of their calves, replacement heifer age and at culling, respectively, per female calf born which is destined
to become a replacement.

K is the average proportion of a bulls progeny not destined to be replacements and is calculated as: 1 — (ﬁ)
where P is the proportion of a sires daughters which become replacement heifers.

Given that the purchasing power of money can vary over the years depending on the
annual interest rate and inflation, and that the BG may take different times to express themselves
in the next generations, it is important to consider an annual rate discount to calculate economic
values. Thus, the annual discount rate used in this study was the same used by Amer et al.
(2001) of 7%.

A sensibility analysis of the DGEs was made changing the discount rates in 0, 3, 5, 7,

10, 14 and 21%.

The complete methodology of DGE is shown in Appendix 1.

5.3 Results and discussion

Even though, the Brazilian Hereford and Braford Association considers HH and BO as
a single breed in the PampaPlus genetic evaluation program, in terms of BG and variance
components, a bio-economic model was developed for each breed, considering their specific
parameters and, consequently, was estimated EVs for BG for HH and BO separately.

Through the Brody's curve the mature cow weight estimated ware 524.2 kg and 456.7
kg and the maturing rate was 0.001558 kg and 0.001885 kg for HH and BO dams, respectively.
These values served as the basis to calculate all female weights used in the bio-economic models
for both breeds and, consequently, the feed requirements and all costs based on the average live
weight (Table 5.2).

The total feed cost of the herd was calculated by summing the energy requirements of

each the animal categories multiplied by the cost per mega calorie, considering natural
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grassland based feed (US$ 0.025 per mega calorie) or cultivated pasture based feed (US$ 0.094

per mega calorie).

Individual bioeconomic models were developed by breed, but both models presented

similar results for costs and revenues composition, where was verified that feed the herd

accounted the most of the cost of production, followed by mineral supplementation, labor, and

finally, veterinary costs (Figure 5.1).

This result is similar to found by Pravia et al. (2014), who observed through a

bioeconomic model based on a Uruguayan beef cattle herd that 61% of total production costs

were related to feeding, and 48% of the total revenue was related to the sale of fattened steers.

Figure 5.1 — Proportion of total costs and revenues for Hereford and Braford breed.

HEREFORDTOTALCOSTS BRAFORDTOTALCOSTS

w Feed 4labor @Veterinary .- Mineral W Feed L Labor Veterinary . Mineral

HEREFORD REVENUES BRAFORD REVENUES

FaStears @ Heifers Cculs - Culg w5tegs xHeifers mCulld @ Culld

Steers = 24 month old steers; Heifers = 30 month old heifers; Cull6 = six permanent teeth cull cows; Cull8 = eight

or more permanent teeth cull cows.

For incomes, in both bio-economic models the main source was the sale of fattened

steers followed by the sale of cull cows, and finally, harvest heifers (Figure 5.1).
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The final value of the carcasses of the HH and BO steers was very close since the

parameters used in the simulation were practically the same (Tables 5.7 and 5.8).

Table 5.7 - Results of the carcass simulation of the Hereford breed.

Steer value Pricc AGE FW REA FAT CY CWT FATC FAT SC TEETH
Min. 42273 250 4118 2951 34.46 0.002 4450 150.1 0.008 1.000  0.00
1stQu. 752,12 312 6416 4464 6001 3271 50.32 229.8 3.170 3.000  0.00
Median  807.88  3.12 687.2 4734 64.82 4380 5151 2437 4.432 3.000  0.00
Mean 808.48  3.11 687.2 473.4 64.83 4399 5152 2438 4.456 2955  0.94
3rdQu. 868.48 312 7327 5005 69.65 5510 5273 257.5 5704 3.000  2.00
Max. 1,165.76 3.12  980.3 6439 92.27 10.738 58.77 339.5 11.747 5000  4.00
y3hh value Price AGE FW REA FAT CY CWT FATC FAT_SC TEETH
Min. 359.70 223 6336 313.1 29.12 0.0007 41.80 148.9 0.004 1000 0.00
1stQu. 641.21  2.79 8539 447.8 56.78 3.2644 48.01 220.2 3.175 3.000  2.00
Median  687.27 279 900.0 4750 61.67 4.3701 49.22 233.6 4.422 3.000  2.00
Mean 687.27 277 899.6 4749 61.65 4.3877 49.22 233.6 4.447 2954  1.56
3rdQu. 73970 279 9455 5021 66.52 54930 50.44 246.9 5679 3.000  2.00
Max. 977.88 279 1,159.3 6252 91.09 10.8673 57.08 318.9 11.949 5000  4.00
Culls_value Price AGE FW REA FAT CY CWT FATC FAT SC TEETH
Min. 39273 223 8312 3460 32.71 0.0054 38.16 158.4 0.001 1.000  6.00
1stQu. 667.58  2.79 1,049.0 5043 60.13 3.4810 45.48 2350 3.391  3.000 -
Median  730.91  2.79 11,0953 5314 64.89 45844 46.70 247.8 4.631  3.000 -
Mean 72424 278 10950 5314 64.89 45985 46.70 248.0 4.657 3.025  6.00
3rdQu. 773.64 279 11411 5587 69.65 57045 47.92 261.0 5904  3.000 -
Max. 1,039.09 279 1,347.7 688.8 9588 11.5806 54.23 338.9 12.422 5000  6.00
Culls_value Price AGE FW REA FAT CY CWT FATC FAT SC TEETH
Min. 449.09 223 1553 390.3 35.28 0.0046 38.23 185.6 0.003 1.000  8.00
1stQu. 70212 279 1,780 553.3 60.15 3.4755 44.56 252.6 3.384  3.000 -
Median ~ 739.39  2.79 1,825 581.1 64.85 4.5783 4578 265.5 4.635  3.000 -
Mean 73758 278 1,825 580.8 64.89 45900 4578 2657 4.653 3.027  8.00
3rdQu. 776.06 2,79 1,871 608.1 69.59 5.6885 47.00 278.5 5.894  3.000 -
Max. 976.67 279 2,111 7484 93.49 11.3223 52.86 350.4 12.377 5.000  8.00

Steer_value = whole carcass price of steer; y3hh value = whole carcass price of harvest heifer; Cull6_value =
whole carcass price of six teeth cull cows; Cull8_value = whole carcass price of eight teeth cull cows; Price
price per kilogram of hot carcass; AGE = age of animals, in days; FW = final weight; REA = ribeye area, in mm;
FAT = ultrasound subcutaneous backfat, in mm; CY = carcass yield; CWT = hot carcass weight; FATC =
subcutaneous fat in the carcass, in mm; FAT_SC = subcutaneous fat score; TEETH = number of permanent teeth
according animal age.
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Table 5.8 - Results of the carcass simulation of the Braford breed.
Steer value Price  AGE FW REA FAT CY CWT FATC FAT SC TEETH

Min. 422.73 250 411.8 2949 34.46 0.002 4451 150.0 0.008 1.000 0.00
1stQu. 751.82 312 641.6 446.2 60.01 3.272 50.32 229.7 3.170 3.000  0.00
Median 807.27 3.12 687.2 473.1 64.82 4.380 51.51 243.6 4.432 3.000 0.00
Mean 808.18  3.11 687.2 473.2 64.83 4.399 5153 2437 4.456 2.955  0.94
3rdQu. 868.18 3.12 7327 500.3 69.65 5.510 52.73 257.4 5.704 3.000 2.00
Max. 116545 3.12 980.3 643.7 9227 10.738 58.78 339.4 11.747 5000  4.00
y3hh_value Price  AGE FW REA FAT CY CWT FATC FAT SC TEETH
Min. 362.12  2.23 633.6 316.0 29.12 0.0007 41.75 150.1 0.004 1.000  0.00
1stQu. 64455  2.79 853.9 450.7 56.78 3.2644 47.96 221.4 3.175 3.000  2.00
Median 690.91  2.79 900.0 477.9 61.67 4.3701 49.16 2347 4.422 3.000  2.00
Mean 691.21  2.77 899.6 477.8 61.65 4.3877 49.17 2348 4.447 2954 156
3rdQui. 743.03 279 9455 505.0 66.52 5.4929 50.38 248.1 5.679 3.000  2.00
Max. 981.52  2.79 1,159.3 628.1 91.09 10.8673 57.02 320.0 11.949 5000  4.00
Cullé_value Price  AGE FW REA FAT CY CWT FATC FAT_SC TEETH
Min. 364.85 2.23 831.2 314.7 32.71 0.005 38.73 1459 0.001 1.000  6.00
1stQu. 634.24  2.79 1,049.0 473.1 60.13 3.481 46.06 223.3 3.391  3.000 -
Median 673.94 279 1,095.3 500.2 64.89 4.584 47.27 236.1 4.631  3.000 -
Mean 683.64  2.78 1,095.0 500.2 64.89 4.598 47.28 236.3 4.657 3.025  6.00
3rdQu. 738.79  2.79 1,141.1 527.4 69.65 5705 4850 249.3 5904  3.000 -
Max. 1,003.03 2.79 1,347.7 657.5 9588 11581 54.80 327.0 12.422 5000  6.00
Cullg_value Price  AGE FW REA FAT CY CWT FATC FAT_SC TEETH
Min. 406.97  2.23 1,553 343.0 3528 0.005 39.11 166.4 0.003 1.000  8.00
1stQu. 65455  2.79 1,780 506.0 60.15 3.475 4544 2356 3.384  3.000 -
Median 691.82 279 1,825 533.8 64.85 4.578 46.65 2485 4.635  3.000 -
Mean 690.61 2.78 1,825 533.5 64.89 4.590 46.65 248.7 4.653 3.027  8.00
3rdQui. 72879 279 1871 560.8 69.59 5.689 47.87 261.6 5.894  3.000 -
Max. 926.36 2.79 2,111 701.0 93.49 11.322 53.74 332.3 12.377 5.000  8.00

Steer_value = whole carcass price of steer; y3hh value = whole carcass price of harvest heifer; Cull6_value =
whole carcass price of six teeth cull cows; Cull8_value = whole carcass price of eight teeth cull cows; Price =
price per kilogram of hot carcass; AGE = age of animals, in days; FW = final weight; REA =ribeye area, in mm;
FAT = ultrasound subcutaneous backfat, in mm; CY = carcass yield; CWT = hot carcass weight; FATC =
subcutaneous fat in the carcass, in mm; FAT_SC = subcutaneous fat score; TEETH = number of permanent teeth
according animal age.

PampaPlus have some traits that are not a mandatory measurement traits, like carcass
traits, being free choice of producer to carry out these measures on animals, thus, currently, this
breeding program does not regularly perform ultrasound measurements for the ribeye muscle
area, subcutaneous backfat and intramuscular fat that allow the generation of individualized
phenotypic data by breed, being a limitation to be overcome for the adoption of selection

indexes based on the proposed bioeconomic model.
68



1457

1458

1459

1460

1461

1462

1463

1464

1465

1466

1467

1468

1469

1470
1471

1472
1473
1474
1475

1476

There may additional variation between these two breeds, and it would be necessary to
increase the number of animals evaluated for carcass traits for each breed separately to allow
the estimation of more distinctive EV for these BG on HH and BO cattle.

The difference in the final value of the carcass of the HH and BO cull cows was hight,
as the parameters used in the bio-economic models were individualized by breed, where through
the PampaPlus database it was possible to verify that the mature weight of HH cows was

substantially higher than BO cows, resulting in heavier carcasses (Tables 5.7 and 5.8).

Around 2.5% of the animals reached a fat score equal to 1, which corresponds to
insufficient fat cover in the carcasses, 20% presented a fat score 2, receiving only the base price,
and the other animals presented a fat score equal to 3 or more, receiving different bonuses

depending on age and carcass weight (Table 5.9).

Table 5.9 — Percentage of animals in each bonus grid according to Brazilian Hereford and
Braford Association bonus price table in 2018.
Category  HHst HHhh HHCull6 HHCull8 BOst BOhh BOCull6 BOCull8

1 2.64 2.69 2.19 2.15 2.64 2.69 2.19 2.03
2 19.54 1941 16.80 - 19.54 1941 16.80 -
3 0.05 0.15 0.00 - 0.06 0.06 0.10 -
4 0.93 2.37 - - 0.94 0.93 - -
5 4.56 3.86 - - 4.60 2.27 - -
6 13.01 747 - - 13.03 6.12 - -
7 2119 6.79 - - 2412 10.21 - -
8 1220 30.32 - - 12.27 21.18 - -
9 1292 18.31 - - 1290 21.17 - -
10 9.07 7.26 - - 9.02 14.58 - -
11 0.33 0.81 25.28 - 0.33 0.55 44.35 -
12 0.32 0.39 32.36 - 0.32 0.47 26.66 -
13 0.17 0.16 18.94 - 0.17 0.29 8.75 -
14 0.06 0.02 4.43 - 0.06 0.07 1.14 -
15 - - - 97.85 - - 97.97
Total 100 100 100 100 100 100 100 100

HHst = Hereford steers; HHhh = Hereford harvest heifers; HHCull6 = six permanent teeth Hereford cull cows;
HHCulI8 = eight or more permanent teeth Hereford cull cows; BOst = Braford steers; BOhh = Braford harvest
heifers; BOCull6 = six permanent teeth Braford cull cows; BOCull8 = eight or more permanent teeth Hereford
cull cows. 1 — 15 is the cathegory of bonus according to Table 5.4.
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Economic values

In the full cycle production system of Southern Brazil the main traits that affected
revenues and expenses were WWd, WWm, TICK, MCW, FAT, REA, PWG, FG and STAY.
These BG and their EV are shown in Table 5.10.

Table 5.10 - Economic values (EV), in US$ and Discounted economic values (DEV) for
Hereford and Braford breeding goals.

Hereford Braford

DGE EV DEV EV DEV
Wwd 0.55 0.53 0.29 0.52 0.28
WWm 0.77 -0.25 -0.19 -0.26 -0.20
TICK 0.55 -21.46 -11.80 -18.97 -10.49
MCW 0.55 -0.16 -0.09 -0.16 -0.09
FAT 0.26 11.84 3.08 11.48 3.03
REA 0.26 1.03 0.27 0.99 0.26
PWG 0.55 0.64 0.35 0.64 0.35
FG 0.26 0.56 0.15 0.54 0.14
STAY 0.11 499.00 54.89 550.00 60.50

WWAd = direct weaning weight (kg); WWm = maternal weaning weight (kg); TICK = tick count (Logie (count));
MCW = mature cow weight (kg); FAT = subcutaneous backfat (mm); REA = ribeye muscle area (cm?); PWG =
post weaning gain (kg); FG = final gain (kg); STAY = stayability; DGE = discounted genetic expressions; DEV
are economic weights discounted by genetic expressions

The reproductive trait STAY was the one with the highest economic value, differing to
the sequence of economic importance presented by Bourdon & Golden (2000), which lists
survival/adaptation traits as most important in relation to reproductive traits. This order founded
may possibly change in herds with higher reproductive rates than those found in southern
Brazil.

The high EV for STAY signs that the reproductive traits are directly linked with the
number animals born per year, and consequently, the number of animals available for sale.
Similarly, Soares de Lima et al. (2011), Laske et al. (2012), Pravia et al. (2014) and Costa et al.
(2017) estimating EV for breeding goals in similar production systems found higher economic
value for birth rate in relation to other growth traits.

The trait with high influence the system profitability, and with second higher economic

value was TICK (the negative signal sign less tick per count). This trait has high EV because
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tick can affect directly the chemical costs, average daily gain, mainly in younger animal
categories, could cause slow growth, weight losses and eventually animal deaths (Jonsson,
2006). This result make sense because when an animal die, is one unity that generate expenses
and will not generate revenues. Similarly when an animal get sick and the farmer need to spent
money to take care, the profit get with such animal is lessened, either by the increase in costs
or by the delay in growth and fattening.

The carcass traits FAT and REA presents the 3™ and 4™ high EV, respectively, probably
due the direct impact in the carcass bonus grid and to increase the hot carcass weight, that is the
final product. However, carcass traits are directly linked with quantity of product (beef)
available to sale and price obtained by this product.

The MCW and WWm had negative economic value in this production system. These
traits have EV much dependent to the feed cost of the production systems.

Generally, the economic value of bigger cows were favored when feed costs were lower
(Laske et al. 2012), but for production systems that need to feed animals with hay and/or
concentrated feed, the feed costs with maintenance are high, and consequently the EV for MCW
and WWm are very low or negative, since the benefit of selling heavier cows is limited by
higher costs for herd maintenance (Groen, 1989; MacNeil et al.,1994; Kluyts et al., 2003).

MCW needs to be selected carefully because increasing the herd size and the milk
production results in increased feed requirements, and it is not recommended for non-intensive
production systems or production systems that do not have a high quality feed. Thus, the
selection to increase MCW and WWm is just recommended for breeders that have cows with
small frame size or low milk cows and/or abundant and inexpensive feed supply.

When the traits had their EVs adjusted through the discounted genetic expressions

(DEV), the order practically does not change, continuing the sequence STAY, TICK and FAT
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as the ones of higher EVs, although FAT and STAY have their EV very reduced when
compared to the value of EV without the DGE because these traits need a long time to express
themselves.

Several authors report the need to adjust the EV according to the frequency and time
that a characteristic spend to be expressed in the herd through genetic improvement, as the
selection for characteristics that express themselves more quickly in the herd results in more
rapid changes in the profit being able to give more economic benefit compared to traits that
take longer to be expressed (McClintock & Cunningham, 1974; Borg, 2004).

The discount rate used in this study was the same used by Amer et al. (2001) of 7%,
although Bird & Mitchell (1980) say that the reasonable estimate of discount rate would be 3%
per annum.

In similar studies, Pravia (2010) estimate DGEs using a discount rate of 5%, Zeng
(2013) uses 3% and Amer (1999) 7%.

The Figure 5.2 shows the changing trend of the DGEs based on varying discount rates.
This indicates that increasing discount was associated with decreasing of DGEs.

All trait categories had a negative trend with increasing of discount rate. However,
because of the influence of varying discount rate, the impact degrees were not the same for
different kind of traits. The discount rate has low influence on the DGEs of traits that need long
time to be expressed as STAY, FAT, REA and FG, and large impact on the DGEs of maternal
animals whose gene is expressed early, as WWm, WWd, TICK, MCW and PWG.

The sensitivity test showed that the DGEs for most of the traits categories are robust to
changes in discount rate, considering a reasonable range of 3 to 10%.

In this way, the sooner the trait is expressed, the greater the influence of the discount

rate.
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Figure 5.2 - Sensitivity of Cumulative Discounted Gene Expressions (DGEs) on changing
discount rate.
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5.4 Conclusions

The traits weaning weight direct and maternal, tick count, mature cow weight,
subcutaneous backfat, ribeye muscle area, post-weaning gain, final gain, and stayability are
identified as breeding goals due to their ability to change the profitability of full cycle
production systems in Southern Brazil, where the trait with high economic value was the
stayability, followed by tick count and subcutaneous backfat, even when the economic values
are adjusted by the discounted genetic expressions.

To select more profitable animals, the traits tick count, ribeye muscle area, subcutaneous
backfat and stayability should be included as breeding goals in the PampaPlus breeding
program, together with the characteristics conventionally already identified as breeding goals

weaning weight direct and maternal, mature post-weaning gain and final gain.
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5.6 Appendix 1 - Discounted Genetic Expressions for PampaPlus Breeding Goals

When a breeding program targets the selection for a group of traits, using a selection
index, it is expected that some traits will express less than others because some traits will only
manifest itself at the end of the animal's life cycle, as carcass weight, for example, and others
will manifest in the beginning of life cycle, as birth weight or weaning weight, so the time is
relevant for the decision of how much weight should be given in the selection process (Gibson
& Wilton, 1998).

On this way, the discounted expressions models could adjust the economic values
through coefficients calculated that take into account the frequency and the time that a trait will
be expressed, considering animal life cycle. Thus, selecting traits that result in more rapid
changes in the profit could give more economic benefit compared to traits that take longer to
be expressed (McClintock & Cunningham, 1974; Borg, 2004).

Hill (1974) describes economic values as a return on investment, where the investment
is the selection decision. If all traits were expressed immediately due genetic selection, the true
profit would be described by the economic values and rate of genetic change. In reality, changes
in performance from selection are not realized quickly and economic traits are expressed at
different rates over many years. So, the discounting genetic expressions adjusts economic
values to express the value of future profit from genetic improvement at the time of selection.

Thus, this appendix details how the cumulative discounted gene expressions (DGEs) of
traits expressed differently in time were calculated for a full cycle system and checked for
sensibility to discount rates changes.

Discounted genetic expressions. The DGEs for birth, slaughter, annual and end-of-cow-life
traits were calculated for Hereford and Braford cattle. The traits were determined by the

frequency and time point they are expressed. The calculations of discounted genetic expressions
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for the breeding goals used in this work was based on the approaches outlined by Amer (1999)
and Amer et al. (2001) for sire breeding replacement females, and the expressions coefficient
for each breeding goal utilized are shown in Table 5.6.1.

The parameters used in these equations to calculate the DGEs were estimated from
10,000 female simulated herd, obtained by Leslie matrix using actual data from PampaPlus
breeding program database.

The discounted expressions for the following traits were calculated as: Xra for annual
traits expressed by adult cows every year (pregnancy, maternal ability, mature weight, parasites
counting), Xrw for traits expressed in cows offspring at weaning (direct weaning weight), Xrs
for terminal traits expressed in steers (final gain, carcass traits) and Xrc for traits expressed in

cows in the end of life (stayability).

Table 5.6.1 — Expressions coefficient used for each breeding goal.

Breeding goal Abbreviation Expression coefficients
Weaning weight direct wwd (1-K) X (Xgw + X75)
Weaning weight maternal WWm (1-K) x (2 X Xgw)
Tick count TICK (1-K) X Xgy4
Mature cow weight MCW (1-K) X Xg4
Subcutaneous fat FAT K X Xrg

Ribeye area REA K X Xrg

Post weaning gain PWG K X Xrg

Final gain FW K X Xrg
Stayability STAY (1-K) X Xgqa

Xrs and Xrs are numbers of discounted expressions of sires genes at birth and slaughter, respectively, per calf
born.

Xra , Xrw , XrH and Xrc are numbers of discounted expressions of sires genes in his daughters at annual calvings,
weaning of their calves, replacement heifer age and at culling, respectively, per female calf born which is destined
to become a replacement.

K is the average proportion of a bulls progeny not destined to be replacements and is calculated as: 1 — (2 ip)
where P is the proportion of a sires daughters which become replacement heifers.
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For this, first it is necessary to calculate the genetic expressions for a trait expressed
annually by a cow (Xra), by heifers (Xrn), and at the end of the life of a cow (Xrc). It also
requires the calculation of the number of expressions expressed at birth (Xr.) and slaughter
(Xrs) of calves of replacement cows.

The discounted expressions Xra, Xrc, XrH, and Xgw are calculated as:

1

Xpa = q,Dgsum E

, 1

Xrc = 9'G8sum E

, 1

Xgrn = qQ Hgsum E

and,

X D L D’ i
= qug S qQ.—
RW sum 2 52

To calculate these expressions, it is first necessary to define the vectors s and p, where
the vector S is a vector n x 1 of probabilities that a cow survives and passes the age range i -1
for the age group i, considering i = 1 until i = n, being n the highest age considered, that in the
present study was nine years (n = 9).

Based on the data from the PampaPlus herd, it was defined that the vector s and p is as

follows:

s’ = [0.00,0.00,0.99,0.78,0.79,0.93,0.87,0.80,0.75, 0.60, 0.00 ]

p is also an n x 1 vector corresponding to the number of calves reaching a reproductive
age or slaughter age per cow in each age group i. The first birth is assumed at three years of

age, so the elements of ps, pz, S1, and sz carry values equal to zero.
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1725

1726 p’ = [0.00,0.00,0.78,0.61,0.68, 0.68,0.68,0.65, 061, 0.57]
1727
1728 Now let ¢ be a cull for age threshold (c <n), in other words, all cows above the age of

1729 ¢, are culled, irrespective of their potential future survival. A vector (a) of probabilities of a

1730  cow surviving to age i, given that it was alive at age 1, can now be calculated where:

1731
i
1732 ]l GO R
j=2
0, otherwise
1733
1734 For the database PampaPlus example,
1735
1736 a’ = [0.00,0.00,0.99,0.77,0.61,0.57,0.49, 0.39,0.30, 0.18]
1737
1738 The probability of a cow dying or being culled at i years of age, di, can be calculated as:
1 -—a fori=2
1739 di=1a;_,— a, fori=3toc+ 1
0, otherwise
1740
1741 d’ = [0.00,0.00,0.01,0.218,0.162,0.043,0.074, 0.099, 0.099, 0.000]
1742
1743 Let D be an h by h transition matrix with columns of survival probabilities lagged by

1744  one row for each new birth year where h is the planning horizon in years from birth of the self

1745  replacing female. The(i,j)™" element of D is specified as:

1746

(@ forj<i—1landi—j<c
Lrat Dij= {0, otherwise
1748
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1749 Similar matrices of survival probabilities for cull cow, G, and replacement heifer, H,

1750  expressions, respectively, are calculated as:

1751
d;_; orj<i—landi—j<c
1752 Gyj = { o forj <. !
’ 0, otherwise
1753 and
(1 fori+1l=j

1754 Hij = {0, otherwise

1755

1756 For the database PampaPlus example,

1757

1758
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

1759 D= 0.77 099 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.61 0.77 099 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.57 0.61 0.77 099 0.00 0.00 0.00 0.00 0.00 0.00
0.49 0.57 0.61 077 099 0.00 0.00 0.00 0.00 0.00
0.39 0.49 0.57 061 0.77 099 0.00 0.00 0.00 0.00
L0.30 0.39 0.49 0.57 0.61 0.77 0.99 0.00 0.00 0.00

1760
r0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.007
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.22 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00

1761 G = 0.16 0.22 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.16 0.22 0.01 0.00 0.00 0.00 0.00 0.00 0.00
0.07 0.04 0.16 0.22 0.01 0.00 0.00 0.00 0.00 0.00
0.10 0.07 0.04 0.16 0.22 0.01 0.00 0.00 0.00 0.00
0.10 0.10 0.07 0.04 0.16 0.22 0.01 0.00 0.00 0.00
0.17 0.10 0.10 0.07 0.04 0.16 0.21 0.01 0.00 0.00

1762 and,
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1764

1765
1766
1767

1768

1769

1770
1771

1772

1773

1774

1775

1776

1777

1778

1779

1780

1781

1782

1783

(1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.007
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 o0.00
0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 o0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.004

Vectors containing increments of gene flows (gk) can be calculated for each generation

k as:

1
8k = 2 fDgi_1

For k=1 to m generations (m = 5 in this study) and starting with g; = [1,0...0], and
the factor of 2 to account for the cows genetic contribution to her progeny and where f is the
number of heifers required as replacements (at first reproductive age) per cow calving per year.
Under the assumption of a constant herd age structure, f can be calculated as the proportion of

2 years old cows relative to all cows calving:

1
[ = =z7——=0.2425
i=14ai

Rows of each gk vector correspond to the year of expression of the genes so that each gk
is of dimension h. Aggregate yearly genetic expressions accumulated over generations are

therefore calculed as:

m
8sum = z 8k
k=1
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1800

1801
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1803

For the example, and considering gene-flows through five generations,

1.00" -0.00" -0.007 -0.0007 -0.007 1.007
0.00 0.00 0.00 0.000 0.00 0.00

0.00 0.00 0.00 0.000 0.00 0.00

0.00 0.12 0.00 0.000 0.00 0.12
_{000] 1009} ~_10.00| ~_10.000| _{0.00 . _10.09
81 = 10.001 82 7 [0.07{"8 T [0.00|"8* T [0.000|"85 T |0.00f A" Bsum T 10 07
0.00 0.07 0.01 0.000 0.00 0.08

0.00 0.06 0.02 0.000 0.00 0.08

0.00 0.05 0.02 0.000 0.00 0.07
0.00- 0.03- 0.03. 10.002 0.00- 0,06

Thus, an average cow first express her genes in her own generation at a year set equal
to 1. Three years later, 0.12 of her genes are expected to be first expressed in a daughter from
her first calving, while four years later, 0.09 of her genes are expected to be first expressed in a
daughter from her second calving. Note that the expected first expression from the second
calving is lower because of the probability of the cow dying between first and second calvings.

After calculate the matrices D, G and H can now be used to multiply first expressions
to the multiple expression of genes for each cow over its expected life span. Also, let q be a

vector (dimension h) of discount coefficients with elements defined as:

i—-1

- ()
%= 1+7r

q = [1.00,0.93,0.87,0.82,0.76,0.71,0.66, 0.62, 0.58, 0.54]

So that the discount coefficient is 1 at birth of the heifer replacement and r (0.07) is the
discount rate. The number of genetic expressions for a trait expressed annually by a self-

replacing cow is therefore calculated as:

1
Xpa = q,Dgsum E
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The discounted numbers of end of cow life expressions (Xrc), heifer replacement
expressions (Xrn) and calf at weaning expressions (Xgrw) for a self-replacing female are

calculated as:

1
Xre = q’Ggsum E

1
Xpu = q,Hgsum E

and,

v

1
Xrw = 4'D8sum -ED,q-S_
2

where v is the number of calves reaching slaughter age or sold per cow calving and S
(0.98) is calf survival from weaning to slaughter or replacement age.
Note that v = a’p. (1'a)~! where vectors a, p and 1 are all of dimension n and all

elements of 1 are ones.

1= [1.00,1.00,1.00,1.00,1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00]
and,

v =0.679
K is the average proportion of a bulls progeny not destined to be replacements and is

calculated as:

K=1- (L)=0.67

2 XP

where P is the proportion of a sires daughters which become replacement heifers (P =

0.659 in PampaPlus exemple).
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For the PampaPlus exemple, the result of the discounted expressions calculations is:
Xra = 1.6774, Xrc = 0.3456, XrH = 0.6332, Xrw = 1.1626, Xrs = 0.3937, Xt = 0.5 and, K =
0.67.

The discounted genetic expressions for the PampaPlus breeding goals of weaning
weight direct, weaning weight maternal, tick count, mature cow weight, subcutaneous fat,

ribeye area, post weaning gain, final gain and stayability are showed in Table 5.6.2.

Table 5.6.2 — Discounted genetic expressions (DGE) for each PampaPlus breeding goal.

Breeding goal Equation DGE
Weaning weight direct (1-K) x (Xgw + Xrp) 0.55
Weaning weight maternal (1-K) x (2 X Xgw) 0.77
Tick count (1-K) X Xga 0.55
Mature cow weight (1-K) X Xgqa 0.55
Subcutaneous fat K X Xgs 0.26
Ribeye area K X Xgs 0.26
Post weaning gain (1-K) X (Xgw + Xr5) 0.55
Final gain K X Xgg 0.26
Stayability (1-K) X Xg¢ 0.11

Xrteand Xrs are numbers of discounted expressions of a sires genes at birth and slaughter, respectively, per calf
born.

Xra, Xrw , Xrr and Xrc are numbers of discounted expressions of a sires genes in his daughters at annual calvings,
weaning of their calves, replacement heifer age and at culling, respectively, per female calf born which is destined
to become a replacement.
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6. Chapter 2 - Economic indexes including tick resistance for Hereford and Braford
breeds raised in Southern Brazil.

Abstract: Several biologic traits can affect the profitability of beef cattle herds, that varies
according to the production system particularities. These traits are defined as breeding goals
(BG) and the correct definition are determinant for effective genetic improvement, where the
BG must be weighted according to their economic relevance. A general option to maximizing
the profitability across the Southern Brazilian beef chain would use a full cycle economic index
because this production system includes all production phases (calf cropping, stocking, and
finishing) and, therefore had the greatest correlation between economic indexes with other
specialized systems. The aims of this study were to develop an economic selection index that
maximize the profit and combines survival/adaptation (tick resistance), reproduction
(stayability) carcass (ribeye muscle area and subcutaneous fat) and growth traits (direct and
maternal weaning weight, mature cow weight, post weaning gain and final gain) in a typical
full cycle beef cattle production systems in Southern Brazil using Hereford or Braford breeds.
The calculated relative importance and selection response of the BG were 9.31 and 8.90 for
weaning weight direct and, were 5.17 and 5.24 for maternal, 5.26 and 4.53 for tick count, 6.53
and 6.37 for mature cow size, 10.34 and 9.68 for ribeye muscle area, 8.80 and 8.32 for
subcutaneous backfat, 10.90 and 10.62 for post weaning gain, 4.59 and 4.32 for final gain, and
39.11 and 42.02 for stayability, for Hereford and Braford breeds. Using the developed economic
indexes, it is possible to increase the fertility of the animals and the adaptation of the herd to
the parasitism by the tick, increasing the profitability of the productive systems of southern
Brazil, that historically have serious problems related to the low reproductive rates and with
tick parasitism. The relative importance and selection response of the BG for Hereford and
Braford were similar, indicating that an economic index with same weights can be used for both

breeds in PampaPlus breeding program.
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Key Words: beef cattle, breeding goals, economic values, parasite resistance, selection indexes.

6.1 Introduction

Several biologic traits can affect the profitability of beef cattle herds, that varies
according to the production system particularities. These traits are defined as breeding goals
(BG) and the correct definition are determinant for effective genetic improvement, where the
BG must be weighted according to their economic relevance (Amer et al. 2001; Pravia et al.
2014).

To improve the profit in this production system several traits need to be considered, such
as survival/adaptation, fertility/longevity, feed intake and growth traits, and these traits must be
economically evaluated through its economic values and selected together using preferably
economic indices, even if this selection method results in a lower genetic gain per trait because
depending on the correlation between them, the direct selection for one trait can affect
negatively another important trait (Hazel, 1943; Enns, 2007).

A general option to maximizing the profitability across the Southern Brazilian beef
chain would use a full cycle economic index because this production system includes all
production phases (calf cropping, stocking, and finishing) and, therefore had the greatest
correlation between economic indexes with other specialized systems (Costa et al., 2017).

The selection for stayability, carcass traits, growth traits, and tick resistance impacts
directly in to the production systems, as by the increases in the number of animals and the
quality and quantity of meat available to the market, the herd energy requirements and the costs
associated with it, and by in the reduction of losses by tick infections (Laske et al., 2012;
Cardoso et al., 2015; Costa et al., 2017).

The aims of this study were to develop an economic selection index that maximize the

profit and combines survival/adaptation (tick resistance), reproduction (stayability), carcass
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(ribeye muscle area and subcutaneous fat) and growth traits (direct and maternal weaning
weight, mature cow weight, post weaning gain and final gain) in a typical full cycle beef cattle

production systems in Southern Brazil using Hereford (HH) or Braford (BO) breeds.

6.2 Materials and methods

Economic Selection indexes

Two economic indexes were determined, one for Hereford and another for Braford,
using their respective parameters and economic values. The vector of the weighting coefficients

in the indexes (b) was computed by the following equation (Schneeberger et al., 1992):

b = GI11XG12XV

where: G4 is the inverse of genetic (co)variance matrix between the selection criteria
in the indexes, G4 is the genetic covariance matrix between the selection criteria and BG, and
v is the vector of economic values for the BG.

The economic values of vector v were those obtained in Chapter 1. The selection
criteria used in the economic index used to compose the G11 were the same BG identified in the
bio-economic model and used to compose the Gi2 matrix were weaning weight direct (WW(d)
and maternal (WWm), tick count (TICK), mature cow weight (MCW), subcutaneous backfat,
measured by ultrasonography at 550 days old (FAT), ribeye muscle area, measured by
ultrasonography at 550 days old (REA), post weaning gain (PWG) and stayability (STAY). As

the final gain (FG) is not measured in the PampaPlus Breeding program, it was used just as BG.
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1940 The genetic parameters used in Gi1 and Gi2 (Table 6.1) were derived from PampaPlus
1941  data for WWd, WWm, MCW, PWG, FG and STAY traits (Teixeira et al. 2013; Teixeira, 2018),
1942  TICK from Cardoso et. al. (2015), and FAT and REA from Meyer et al. (2004).

1943 Table 6.1 - Heritability (diagonal), phenotypic correlations (below diagonal), genetic
1944  correlations (above diagonal) and phenotypic variances (last line).

WW-d  WW-m TICK MCW FAT REA PWG FG STAY
WW-d 0.130 -0.571 -0.120 0.358 -0.050 0.540 0.395 0.395 0.000
WW-m 0.000  0.090 0.000 0.049 0.000 0.000 -0.018 -0.018 0.000
TICK 0.000  0.000 0.190 0.000 0.000 0.000 0.000 0.000 0.000
MCW 0.114  0.000 0.000 0.180 -0.130 0.100 -0.134 -0.134 0.000
FAT 0.060  0.000 0.000 -0.050 0.322 -0.050 0.000 0.000 0.000
REA 0.240  0.000 0.000 0.000 0.090 0.266 0.000 0.000 0.000
PWG -0.160  0.000 0.000 -0.031 0.000 0.000 0.100 1.000 0.000
FG -0.160  0.000 0.000 -0.031 0.000 0.000 1.000 0.100 0.000
STAY 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.190
() 789.996 806.791 0.101 3024.868  2.760 45.270 963.480  963.480 0.248

1945 2 = phenotypic variance; WWd = direct weaning weight (kg); WWm = maternal weaning weight (kg); TICK =
1946 tick count (Logio (count));MCW = Mature cow weight at weaning (kg); FAT = subcutaneous backfat (mm); REA
1947 = ribeye muscle area (cm2); PWG = post- weaning gain (kg); FG = final gain (kg); STAY = stayability (%).
1948

1949 The economic values used to compose the vector v in the selection indices were
1950 estimated in Chapter 2, where the discounted economic values (DGE) of each trait were used
1951  (Table 5.10).

1952 As the genetic parameters of the tick count characteristic were estimated in Log, in
1953  vector v the estimated tick count DGE was used in this unit (Logio(tick count)). After calculated
1954  the selection response for tick count, it was converted to the tick count unit, and then multiplied
1955 by the DGE of the tick count, in units, to obtain the economic genetic gain per generation of

1956 this trait.

1957 The BG’ genetic gains (AG0) were calculated using the following equation:
1958

1959

1960 AG, = (ai,) G12G11'Vargyb

1961
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where: i is the selection intensity, taking a value of 1.49 in this study, o; =

Jb' Var(Q) b, that is the selection index standard deviation; Var gy = B'P B, where: B = P
x Gi1, P is the phenotypic (co)variance matrix among the selection criteria, Gu1 is the genetic
(co)variance matrix among the selection criteria and, Gy, is the genetic covariance matrix
between the selection criteria and BG, and v is the vector of economic values for the BG.

The accuracy of economic selection index (Rin) was calculated as R = a1 /o1, Where:

on is equal to vw’ C w, where C is the genetic (co)variance matrix among the BG, and w is the
vector of economic values of the BG.

The economic genetic gain for the i BG (AG$)) was calculated using the equation
YAGS$i) = AGog) x v (Pravia, 2010).

To compare the economically weighted indexes with the current empirical index used
by PampaPlus (IQG) was used the empirical weighting described in Costa et al. 2017 for the

IQG selection criteria, maintaining the breeding goals identified in this work.

6.3 Results and discussion

The economic selection index proposed for full cycle system based in Hereford and
Braford breeds in Southern Brazilian was calculated considering the economic values for each
BG.

The relative importance and selection response of the BG for Hereford and Braford were

similar, as can be seen below.

Relative importance of BG (RI)

The trait with higher relative importance (RI) in this production system was the STAY,

followed by the carcass traits and TICK (Table 6.2). This result was expected because usually
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reproductive traits have a direct impact on the number of animals born per year and,
consequently, increase the number of animals available for sale, as also are reported by Laske
et al. (2012).

When the economic values were multiplied by the discounted genetic expressions, the
relative importance of STAY had a significant reduction, since this is a trait that takes many
years to express itself in the next generations. However, it remained the trait with the most
relative importance, proving the economic priority of selection driven to reproductive traits.

Although TICK has the second higher economic value, evidencing that its change in a
unit present a high economic impact in full cycle beef cattle production system in Southern
Brazil, when its economic value was multiplied by the og of TICK, results in a small value and,
consequently, small relative importance. This occurs because the heritability and genetic
variability of TICK are low and, consequently this trait presents a lower response to the
selection being more difficult change one unity of this trait than others with larger genetic
variance.

Table 6.2 - Economic values (EV) and discounted economic values (DGE), in US$, and relative
importance (R1) for Hereford and Braford breeding goals.

Hereford Braford

Oy DGE EV R1% DEV R1% EV R1% DEV RI1%
Wwd 10.13 0.55 0.53 3.41 0.29 9.31 0.52 3.15 0.28 8.90
WWm 8.52 0.77 -0.25 1.35 -0.19 5.17 -0.26 1.33 -0.20 5.24
TICK 0.14 0.55 -21.46 1.91 -11.86 5.26 -18.97  1.59 -10.49 453
MCW 23.33 0.55 -0.16 2.37 -0.09 6.53 -0.16 2.23 -0.09 6.37
FAT 0.89 0.26 11.84 6.69 3.13 8.80 11.48 6.11 3.03 8.32
REA 12.01 0.26 1.03 7.86 0.27 10.34 0.99 7.11 0.26 9.68
PWG 9.82 0.55 0.64 3.99 0.35 10.90 0.64 3.76 0.35 10.62

FG 9.82 0.26 0.56 3.49 0.15 4.59 0.54 3.17 0.14 4.32
STAY 0.22 0.11 499.00 68.92 56.84 39.11 550.00 7154 62.65 42.02

WWAd = direct weaning weight (kg); WWm = maternal weaning weight (kg); TICK = tick count (Logio (count));
MCW = mature cow weight (kg); FAT = subcutaneous backfat (mm); REA = ribeye muscle area (cm?); PWG =
post weaning gain (kg); FG = final gain (kg); STAY = stayability (%); o4 = genetic standard deviation; DGE =
discounted genetic expressions;
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Economic Selection Indexes

The economic selection indexes developed for HH and BO breed (EIHH and EIBO),
allowed to weight the BG in order to bring the greatest economic return resulting in higher
overall genetic economic gain (Table 6.3).

Table 6.3 - Economic weights (b), in US$, and Response per generation (Rg), Economic

response (R$) and participation on the overall genetic gain for each breeding goal (%) for
Hereford and Braford breeding goals.

EIHH EIBO

R,$; R,$;

b R R$ I b R R$ I —

| XRgSi; | XRgSi;

Wwd 029 384 112 11.30% 029 356 101 9.65%

WWm 019 -166 032 322% 020 -155 031 294%

TICK -11.86 -0.01 013  1.30% 1049 -001 0.09 0.90 %

MCW 009 -128 011 115% 009 -1.31 012 110%

FAT 313 013 042 425% 3.03 012 037 3.49%

REA 027 080 022 221% 026 074 019 1.85%

PWG 035 209 073 742% 035 1.95 069 6.52%

FG 015 171 025 256% 014 159 023 215%

STAY 56.84 0.12 657 66.60 % 6265 012 750 71.39%
0G$ 9.87 10.45
Rin 0.455 0.452

EIHH = economic index for Hereford breed; EIBO = economic index for Braford breed; 0G$ = overall genetic
economic response (0G$ = EV x DGE x Rg); Riu= index accuracy; WWd = direct weaning weight (kg); WWm
= maternal weaning weight (kg); TICK = tick count, (Logio (count)); MCW = mature cow weight (kg); FAT =
subcutaneous backfat (mm); REA = ribeye muscle area (cm?); PWG = post weaning gain (kg); FG = final gain
(kg); STAY = stayability (%).

The overall genetic gain, in dollars per year, was US$ 9.87 and US$ 10.45 for HH, BO,
respectively, where survival/adaptation and reproductive traits contributed with around 70% of
this value in both breeds.

This result is similar to that described by Bourdon & Golden (2000), who described that
survival/adaptation and reproductive traits are the ones that can have the greatest impact on the
profitability of productive systems.

Our results shows the importance to include this reproductive and adaptation traits on

the index, as the selection just for growth and productive traits for many years could reflect
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negatively on reproduction and survival traits, as reported in pigs (Chen et al. 2003; Arango et
al. 2005) and dairy cattle (Berry et al., 2014; Carthy et al. 2016)

The use of EIHH and EIBO indexes will result in a reduction of MCW and WWm. This
is due to the negative economic value for these traits.

The reduction or maintenance of the WWm is interesting to avoid increase milk
production and consequently energetic requirements of the cows, but the selection for this
characteristic should be mainly associated with the WWd and PWG to ensure that the reduction
of cow contribution in the development of the calves do not will affect the weaning weight and
does not compromise the weight gain after this period, since WWd and PWG have considerable
economic value and can positively impact the profitability.

The MCW is a trait that must constantly be reevaluated, because although it is directly
associated with the size of the dams and consequently with the energy demand of the herd, it
also has a high correlation with the final weight and hot carcass weight of the animals (Meyer
et al., 2004), being directly associated with the costs and revenues of this production system.

Despite the carcass trait FAT has moderate to high economic value, its unity and genetic

parameters are low, resulting in a small response per generation.

Currently empirical index and alternative economic indexes

Using the current empirical index weighting of the IQG of PampaPlus for the breeding
goals identified in this study, it was possible to verify that both the economic genetic gain
obtained through the empirically weighted indices (Table 6.4) were significantly lower than the
economic genetic gains obtained by the EIHH and EIBO indices (Table 6.3), evidencing the

need to change the current PampaPlus index to obtain greater economic returns.
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In addition, it can be verified that the accuracy of IQGHH and IQGBO indexes was very

close to zero, possibly due to the fact that the breeding goals are low correlated with the

selection criteria currently used in the PampaPlus 1QG.

Table 6.4 - Response per generation (Rg), Economic response (R$) for Hereford and Braford

breeding goals using PampaPlus empirical weights.

IQGHH

Rg R$ Rg R$
wwd 3.804 1.10 3.803 1.08
WWm -0.150 0.03 -0.153 0.03
TICK -0.003 0.04 -0.003 0.03
MCW 1.563 -0.14 1.563 -0.14
FAT -0.010 -0.03 -0.010 -0.03
REA 0.483 0.13 0.483 0.13
PWG 3.656 1.28 3.656 1.28
FG 1.212 0.18 1.212 0.17
STAY 0.011 0.66 0.011 0.73
0G$ - 3.26 - 3.29
Rin 0.005 - 0.004 -

IQGHH = index for Hereford breed weighted by PampaPlus empirical weights; IQGBO = index for Braford breed
weighted by PampaPlus empirical weights; 0G$ = overall genetic economic response (0G$ = EV X DGE X Rg);
Rin = index accuracy; WWd = direct weaning weight (kg); WWm = maternal weaning weight (kg); TICK = tick
count, (Logio (count)); MCW = mature cow weight (kg); FAT = subcutaneous backfat (mm); REA = ribeye muscle

area (cm?); PWG = post weaning gain (kg); FG = final gain (kg); STAY = stayability (%).

As the relative importance and selection response of the BG for HH and BO were similar,

was calculated the selection response using an index with the weights based on the average

between the economic values for HH and BO.

The correlation between the EIHH and EIBO with this average index was 0.99974 and

0.99976, respectively, indicating that the same index could be an option to maximize the profit

in both breeds.
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6.4 Conclusions

Using the developed economic indexes, it is possible to increase the fertility of the animals and
the adaptation of the herd to the parasitism by the tick, increasing the profitability of the productive
systems of southern Brazil, that historically have serious problems related to the low reproductive rates
and with tick parasitism.

The relative importance and selection response of the breeding goals for Hereford and
Braford were similar, indicating that the same economic index with similar weights can be used

for both breeds in PampaPlus breeding program.
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7. Chapter 3 - Economic carcass index for Aberdeen Angus breed participating of the
Promebo Genetic Evaluation Program.

Abstract: The opportunities for expansion of the beef market are closely associated with meat
quality. Aiming to supply this growing market several breeders' associations from many
countries have implemented genetic evaluation programs that include the genetic improvement
of carcass traits. In order to maintain and improve the carcass quality of the Aberdeen Angus
herds participating in the Promebo Genetic Evaluation Program, the objective of this work was
to identify the breeding goals through a bio-economic model (BM) related to carcass traits, and
to develop a carcass index weighted economically, considering the economic values (EV) of
the breeding goals and relative importance of each selection criteria used in this index. For the
identification of the breeding goals, and subsequent definition of their respective EV, a
deterministic bio-economic model was developed simulating a herd of 50,000 animals to
generating profit equations. The values of live weight at slaughter (FW), ribeye muscle area
(REA), subcutaneous backfat thickness (FAT) and intramuscular fat (IMF) used in the BM were
simulated to calculate the carcass values of the animals, considering the three main Aberdeen
Angus breed bonus tables in Brazil, which qualify the carcasses according to the age of the
animals, and the weight and degree of fat of the carcasses. The breeding goals identified was
the FW, FAT, IMF and REA.The economic value of FAT (US$ 17.62) and IMF (US$ 5.02)
was much higher than FW (US$ 1.45) and REA (US$ 2.02), that is, the change in one unit of
these traits has a superior economic result. This is because the scales related to subcutaneous
and intramuscular fat are smaller. The FW and REA account for 74.18% of the relative
importance of the breeding goals, followed by FAT and IMF, evidencing that the traits related
to the quantity of meat are superior to the qualitative ones. The developed BM was able to

identify which biological traits related to the carcasses of the animals presented greater
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profitability, being they the FW of the animals, REA, FAT and IMF. The economic index of
carcasses should be adopted by the Promebo Genetic Evaluation Program because presents the
weighting of the selection criteria that results in a higher economic return to the production
systems that use the Aberdeen Angus breed when compared to the empirical indexes currently
used in this genetic evaluation program.

Key Words: beef cattle, bio-economic models, breeding goals, economic values, carcass
traits.

7.1 Introduction

The opportunities for expansion of the beef market are closely associated with meat
quality, and among the characteristics related to beef quality, tenderness is considered to be the
organoleptic characteristic with the greatest influence on the acceptance of meat by consumers
(Paz & Luchiari Filho, 2000; Magnabosco et al., 2006).

However, most of beef meat produced in Brazil is characterized by a low degree of
tenderness, since almost 80% of this meat is derived from Zebu herds located in the tropical
region (Ferraz & Felicio, 2010), where it is estimated that part of the variation in meat
tenderness may be related to genetic factors of the animals, and the other part related to other
factors, such as type of feed, stress, slaughter conditions, carcass cooling, maturation, cooking
method and cooking point (Schroeder & Kovanda, 2003).

The emerging demand for organoleptic quality and food safety of beef has modified the
meat market, where beef cuts presented in trademarks that have proven origin and come from
animals of breed recognized for having superior quality, has received added value, causing
slaughterhouses to establish compliance specification standards in the purchase of the animals,

attributing bonuses to the producers (Ferraz & Felicio, 2010; Barcellos & Oaigen, 2014).
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Aiming to occupy this growing market niche, several breeders' associations from many
countries have implemented genetic evaluation programs that include the genetic improvement
of carcass traits (BIF, 2002), searching for earlier and heavier animals with higher yields of
carcass, greater marbling, and with sufficient subcutaneous fat finishing to preserve meat during
the postmortem period (Watanabe et al., 1993; Magnabosco et al. 2006).

As the quality of the bovine carcass can be affected by more than one trait, the selection
through indexes that contemplate economically weighted breeding objectives is considered the
most efficient methodology for the improvement of multiple traits simultaneously, where the
superiority of index selection grows with the number of characteristics involved (Hazel & Lush,
1942; Newman et al.,1994; Bourdon,1998).

In order to maintain and improve the carcass quality of the Aberdeen Angus herds
participating in the Promebo Genetic Evaluation Program, the objective of this work is to
identify the breeding goals through a bio-economic model related to carcass traits, and to
develop a carcass index weighted economically, considering the economic values of the

breeding goals and relative importance of each selection criteria used in this index.

7.2 Materials and methods

For the identification of the breeding goals, i.e., the traits of economic importance, and
subsequent definition of their respective economic values, a stochastic bio-economic model was
developed simulating a population of 50,000 animals.

Due to the difficulty of obtaining actual carcass measurements by the cost and difficulty
of collecting the data, the values of live weight at slaughter (FW), ribeye muscle area (REA),
subcutaneous backfat thickness (FAT) and intramuscular fat (IMF) were simulated, through the

mvrnorm function of the R software MASS package (Venables & Ripley, 2002), which
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simulates a random value as a function of the mean of a variable and its phenotypic covariance
with the other simulated variables.

The sample size of 50,000 carcasses was chosen to increase the accuracy of the
simulated data. The averages of each simulated variable and its respective genetic parameters
(Cardoso, 2013) are presented in Table 7.1.

Table 7.1 - Means and standard deviation (diagonal), genetic correlation (above diagonal),
phenotypic covariance (below diagonal) and phenotypic variances (bottom line).

AGE FW FAT REA IMF
AGE 687.27 (67.79) 0.52 -0.10 0.13 0
FW 1420.96 457.54 (40.31) 0.05 0.36 0
FAT -11.18 3.33 4.36 (1.65) -0.23 0
REA 62.75 103.32 -2.70 64.98 (40.31) 0
IMF 0.00 0.00 0.00 0.00 3.75 (1.10)
o2 4595.48 1624.90 2.72 50.69 1.21

AGE = age of animals (days); FW = final live weight (kg); FAT = subcutaneous fat
(millimeters); REA = ribeye muscle area (cm?); IMF = intramuscular fat (%); o?p = phenotypic
variance.

To generate the hot carcass weight, the following equation was used:

FW X cy
100

cwt =
where: cwt = hot carcass weight; FW = final live weight; cy = carcass yield.

To estimate the carcass yield was utilized the following equation (Cardoso, 2013):

cy = 49.89 — (0.018438 X FW) + (0.573246 x FAT) + (0.12112 X REA)

+ (rnorm X afcy)

The estimation of subcutaneous fat of the carcasses was performed through the

following equation (Cardoso, 2013):
FATc = —0.105 + (1.0349 x FAT) + (rnorm X ogpur)

where: FATc is the subcutaneous fat, in mm, FAT is the subcutaneous fat of the carcass
measured by ultrasonography, in mm; rnorm is a random value for standard normal distribution;
of is the phenotypic standard deviation of subcutaneous fat measured by ultrasonography.
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After the quantitative values of subcutaneous fat were generated in each carcass, they
were classified into five different fat scores, where the score 1 corresponds to values lower than
1 mm of subcutaneous fat in the carcass, score 2 corresponds to values higher than 1 and less
than 3 mm, score 3 corresponds to values higher than 3 and less than 6 mm, score 4 corresponds
to values higher than 6 and less than 10 mm, and finally score 5, which corresponds to values
higher than 10 mm of subcutaneous fat on the carcass.

The simulated ages, in days, from the multivariate normal distribution above were used
to specify the probabilities of each animal presenting 0, 2 and 4 teeth at slaughter, through the
following equations (Michael Macneil, personal communication 2017):

P4 = —0.01112 + (0.00003348 X AGE)
P2 = —0.48822 + (0.001364 x AGE)
P0=1-P2-P4
where: PO = probability of dentition equal to zero teeth, P2 = probability of dentition equal to
2 teeth; P4 = probability of dentition equal to 4 teeth; AGE = age of the animal, in days.

For each animal, a probability value between 0 and 1 was generated through the R
software function runif (R Core Team, 2018). After generating this value, for animals that
presented a probability value less than or equal to PO, the dentition corresponded to zero teeth.
For animals that presented a probability value higher than PO and smaller than the sum of PO
and P2, the dentition corresponded to two teeth. For animals that presented a probability value
higher or equal to the sum of PO and P2, the dentition corresponds to four teeth.

In order to simulate the carcass values of the animals, was considered the three main
Aberdeen Angus breed bonus tables in Brazil, which classify the animals according to age,
measured by animal dentition, hot carcass weight, subcutaneous fat and through the percentage

of intramuscular fat (Table 7.2).
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Table 7.2 — Price increase of carcases, in percentage, according to slaughterhouse, hot carcass
weight, age and fat score.

Slaughterhouse 1

cwT <165 165-199  200-219 220 -239 > 240
Teeth
0 0% 3% 7% 8% 10%
<165 165-199  200-239 240 - 259 > 260
2 0% 3% 7% 8% 10%
<165 165-239  240-259 260 -279 > 280
4 0% 3% 7% 8% 10%
Slaughterhouse 2
CWT < 180 180-199  200-219  219-239 > 240
Teeth
0 0% 3% 5% 7% 10%
< 180 180-199  200-239 240 - 259 > 260
2 0% 3% 5% 7% 10%
< 180 180-239  240-259 260 - 279 > 280
4 0% 3% 5% 7% 10%
Slaughterhouse 3
CWT <196 196-209  210-224  225-269  270-299
FAT SC
3 0% 1% 204 4% 3%
<196 106-209  210-224  225-269 270 -299
4 0% 206 3% 5% 4%

CWT = hot carcass weight, Teeth = number of permanent teeth; FAT_SC = fat score.

The three main bonus tables are elaborated according to the local market of the region
of each slaughterhouse, where the most important factors for slaughterhouses 1 and 2 are the
age of the animal (permanent dentition equal to 0, 2 and 4 teeth) and the hot carcass weight
given that the animal has subcutaneous fat classified with a score of 3 or more.

However, the slaughterhouse 3 only bonuses carcasses of animals with an age equal or
less than two teeth, but it classifies the animals according to the hot carcass weight and
subcutaneous fat finishing, considering animals with a fat score equal to three or equal or greater
than four.

The market price (Base price) for the kilogram of hot carcass was US$ 3.03, being this

value assumed as the base price in the bio-economic model.
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For carcasses that had a fat score of less than one, the assumed price for each kilogram
was 80% of the base price, assuming a penalty due to the poor subcutaneous fat finishing of the
carcass.

For the carcasses that obtained a fat score of two, the assumed price for each kilogram
was equal to the Base price, assuming that these carcasses did not reach a sufficient
subcutaneous fat finishing to obtain a bonus.

A bonus of 5% on the Base price was considered for carcasses of animals which had an
intramuscular fat percentage of 5.8% or higher.

The revenue of the system was calculated by the following equation:

Revenue = Nanimals X (1 + pp) X Base price X cwt
where: Namimals = number of animals; pp = percentage of bonus and / or discount; Base price
= market base price per kilogram of hot carcass weight; cwt = hot carcass weight.
As three bonus tables were simulated, the average of the total profit was calculated

between them, in order to calculate the economic value of each breeding goal.

Economic values (EV) of the breeding goals

For the calculation of the economic value of each trait, the following equation was used:

~ R' - R
~ Number of animals

EV

where: R and R’ are the revenues before and after increasing by one unit in each trait, keeping
all other characteristics in their mean values, divided by the number of animals (MacNeil et al.,
1994).
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Economic carcass index

To determine the vector of economic weights (b) used in the economic carcass index,

the following equation was computed (Schneeberger et al., 1992):

b = GI11XG12XV

where: G4 is the inverse of the genetic (co)variance matrix among the selection criteria used
in the index; G is the genetic (co)variance among the selection criteria and the breeding goals
used in the index; v is the vector of estimated economic values for the breeding goals.

The selection criteria used were preweaning weight gain (PRG), postweaning weight
gain (PWG), ribeye muscle area (REA), subcutaneous backfat (BFAT) and intramuscular fat
(IMF).

The breeding goals identified through the bioeconomic model were the FW, REA, FAT
and IMF.

The genetic parameters utilized in the G411 and G4, matrix are presented in Table 7.1.

Relative Importance (RI)

The relative importance of each selection criteria of the economic carcass index,

expressed in percentage, was estimated through the following equation, which considers the

economic weight and the genetic information of each selection criteria, through their genetic

standard deviations:
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|b;| X 040
f2a(Ibi] X ag)

RI; = x 100

where: biis the economic weight of the i selection criteria used in the economic carcass index;
og(i) IS theenetic standard deviation of the i selection criteria used in the economic carcass

index.

7.3 Results and discussion

Through the use of the developed bio-economic model, it was possible to simulate
quantitative values for the carcasses of the animals, which were later classified in the different
bonus classes or penalization according to the hot carcass weight, age, and fat score.

Table 7.3 shows the descriptive statistics of the data generated, and the values paid
according to the three bonus tables currently used for animals of the Aberdeen Angus breeds

and their crosses.
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Table 7.3 — Descriptive analysis of data generated through simulation.

SLG1 SLG 2 SLG3 Base price AGE FW REA FAT IMF CYy CWT FATC FATsc TEETH

(US$) (US$) (US$) (US$) (dias) (kg) (cmd (mm) (%) (%) (Kg) (mm) (escore)  (dentes)
Min. 371.52 371.52 371.52 242 4205 2969 36.63 0.002 0.01534 4433 1533 0.0005 1.000 0.0000
1st Qu. 706.36 697.27 683.64 3.03 641.8 430.2 60.21 3.274 3.00837 50.64 222.8 3.1695 3.000 0.0000
Median 761.21 752.42 741.52 3.03 686.7 457.6 64.97 4.362 3.74929 51.84 236.9 4.4176 3.000 0.0000
Mean 761.82 756.67 735.45 3.01 687.3 4575 64.99 4.381 3.74869 51.84 2370 4.4398 2.952 0.9529
3rd Qu. 822.12 818.48 788.48 3.03 733.0 4846 69.82 5481  4.48581 53.04 250.9 5.6694 3.000 2.000
Max. 1,067.27 1,067.27 991.82 3.03 1007.8 632.3 93.42 11.072  8.54079 59.99 3158 125561 5.000 4.000

SLG1 = value of the carcass, in dollars, paid by Slaughterhouse 1; SLG2 = value of the carcass, in dollars, paid by Slaughterhouse 2; SLG3 = value of the carcass, in
dollars, paid by Slaughterhouse 3; Base_price = value of one kilogram of hot carcass weight; AGE = age in days of animals; FW = average final weight; REA = ribeye
muscle area; FAT = subcutaneous fat, measured by ultrasonography; IMF = intramuscular fat, , measured by ultrasonography; CY = carcass yield; CWT = hot carcass
weight; FATC = subcutaneous fat in the carcass; FATsc = subcutaneous fat score; TEETH = number of permanent teeth in the animals.
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It can be seen that the economic values of the carcass traits are dependent on the
preference of the customer and accordingly to market.

The bonus table offered by the Slaughterhouse 1 is the most profitable for producers,
with the average value per carcass being 0.68 and 3.46% higher than that paid by the
Slaughterhouse 2 and the Slaughterhouse 3, respectively.

Despite this difference, it should be considered that the bonus table offered is based on
the market that each slaughterhouse operates, considering local aspects of demand. However,
the variation of the average price paid by the carcasses among the three tables was not important.

In addition, the correlation between the value per kilogram of hot carcass between the
Slaughterhouse 1 and Slaughterhouses 2 and 3 were 0.998 and 0.986, respectively, and between
Slaughterhouses 2 and 3 was 0.987 (Table 7.4), showing that the selection for the same carcass
qualitative and quantitative traits possibly will result in the increase of the value paid by the
carcasses in the three slaughterhouses.

The correlation between the values paid by the slaughterhouses and the selection
objectives ranged from 0.896 to 0.924 for CWT, 0.790 and 0.826 for FW, 0.408 to 0.478 for
FATSsc, 0.342 to 0.370 for age of animals, 0.319 to 0.350 for REA, and finally, 0.030 to 0.033

for IMF (Table 7.4).
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Table 7.4 — Correlation between the indices and the expected difference in the progeny (DEP) of each selection criteria of the Empirical Carcass

Index (INDC), Final Index (INDF), and Economic Carcass index (INDCe).

deps$INDC  deps$INDCe deps$INDF dep_ GNDd dep GPDd dep REAs dep EP8Ss dep GIMFs dep_Cs dep_SC dep_Ms
deps$INDC 1.000 0.957 0.834 0.815 0.901 0.722 0.583 0.258 0.547 0.560 0.463
deps$INDCe 0.957 1.000 0.895 0.840 0.799 0.751 0.593 0.321 0.674 0.696 0.618
deps$INDF 0.834 0.895 1.000 0.885 0.807 0.520 0.330 0.180 0.820 0.808 0.784
dep_GNDd 0.815 0.840 0.885 1.000 0.731 0.500 0.382 0.238 0.596 0.560 0.508
dep_GPDd 0.901 0.799 0.807 0.731 1.000 0.469 0.301 0.188 0.534 0.508 0.435
dep_AOLSd 0.722 0.751 0.520 0.500 0.469 1.000 0.357 0.119 0.368 0.407 0.351
dep_EP8Sd 0.583 0.593 0.330 0.382 0.301 0.357 1.000 0.195 0.173 0.259 0.143
dep_GIMSd 0.258 0.321 0.180 0.238 0.188 0.119 0.195 1.000 0.065 0.108 0.030
dep_Csd 0.547 0.674 0.820 0.596 0.534 0.368 0.173 0.065 1.000 0.719 0.800
dep_SCs 0.560 0.696 0.808 0.560 0.508 0.407 0.259 0.108 0.719 1.000 0.789
dep_MsSd 0.463 0.618 0.784 0.508 0.435 0.351 0.143 0.030 0.800 0.789 1.000

deps$GNDd= expected difference in the progeny of postbirth weigh gain; deps$GPDd= expected difference in the progeny of postweaning weigh gain; deps$REA= expected
difference in the progeny of ribeye muscle are, measured at 550 days of age; deps$EP8s= expected difference in the progeny of subcutaneous backfat, measured at 550 days
of age; deps$IMFs= expected difference in the progeny of intramuscular fat, measured at 550 days of age; deps$Cs= expected difference in the progeny of conformation scor
e, measured at 550 days of age; deps$SC= expected difference in the progeny of scrotal circumference; deps$Ms= expected difference in the progeny of musculature score, m
easured at 550 days of age;
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As was descibed three bonus table, to calculate the economic values for the breeding
goals FW, REA, FAT and IMF was made the average value between Slaughterhouse 1, 2 and
3 for each carcass.

The economic value of FAT and IMF was much higher than FW and REA, that is, the
change in one unit of these characteristics has a superior economic result. This is because the
scales related to FAT and IMF are smaller, so the change in a unit of FAT or IMF is more
difficult than the change of a unit of FW or REA.

The CWT and the FW, which are directly related, be the traits that have the greatest
impact on the economic result.

This result is directly reflected in the superiority of the relative importance of FW in
relation to the other traits (Table 7.5). Therefore, it is the characteristic that has the higher
potential to impact the profitability of production systems. In addition, FW and REA account
for 74.18% of the relative importance of the breeding goals, followed by FAT, REA and IMF,
evidencing that the traits related to the quantity of meat are superior to the qualitative ones.

This result is similar to the findings by Ochsner (2016) where the relative importance
for hot carcass weight and ribeye muscle area was of 65%.

Thus, this implies that the use of a selection index based on these values of relative
importance will result in greater weighting for FW and REA, causing a higher genetic gain on

them.
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Table 7.5 — Economic values, relative importance and economic weights of the breeding goals
and selection criteria.

Breeding goals Economic value Relative importance (%)
FW US$ 1.45 57.72
REA US$ 2.02 16.46
FAT US$ 17.62 20.30
IMF US$ 5.02 5.52
Selection criteria b
PRG 8.46 1.22
PWG3 41.48 6.42
REAS 22.99 8.35
EP8S 22.06 56.63
IMFS 5.00 12.85

b = economic weight; FW = average final weight; REA = ribeye muscle area; FAT = subcutaneous fat; IMF = int
ramuscular fat; PRG = pre-weaning weight gain; PWG = postweaning weight gain; REAS = ribeye muscle area;
measured by ultrasonography; EP8S = subcutaneous backfat, measured by ultrasonograph; IMFS = intramuscular
fat, measured by ultrasonography.

Although not being widely used in Brazil yet, bonus tables based on the carcass quality
have been used in several countries as a way of encouraging the production of high quality meat.

In the United States of America (USA), since the carcass quality-based price tables were
introduced in the early 1990s, the adoption of the bonus tables caused a rapid change in the
payment method of animal carcasses, where the percentage of animals sold under bonus tables
was 16% in 1996, to 45% in 2001 and then to 62% in 2006 (McKenna et al.,2002; Schroeder et
al., 2003).

As a consequence, meat quality programs, such as the Aberdeen Angus certified beef
program, have increased their market share by certifying high-quality cuts of meat, also
increasing the reward of producers of this type of animal, culminating in a significant increase

in the percentage of Aberdeen Angus animals in the USA (Janzen et al. 2016).
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Selection Indices

Currently, PROMEBO has two main selection indices, which are empirical, the
Empirical Carcass Index (INDC) and the Final Index (INDF).

The first one has a weight of 10% for post birth weight gain until weaning (PBG), 10%
for post weaning weight gain (PWG), 5% for conformation score at 550 days old (Cs), 5% for
precocity score at 550 days old (Ps), 5% for musculature score at 550 days old (Ms), 20% for
ribeye muscle area measured by ultrasonography (REAS), 10% for the subcutaneous fat,
measured by ultrasonography on the Longissimus dorsi muscle between the 12" and 13" rib
(FATS), 15% for the subcutaneous backfat, measured by ultrasonography (EP8S), and 15% for
the intramuscular fat measured by ultrasonography on the Longissimus dorsi muscle between

the 121" and 13" rib (IMFS).

INDC = ( : X DEP_PBG) + ( ' X DEP_PWG) + ( ' X DEP_Cs)
OpBG OpwaG Ocs
0.05 . )
+ ( X DEP_Ps) + ( X DEP_MS) + ( X DEP_REAS)
Ops OMs OREA

0.10
+ ( X DEP_FATS) + (

X DEP_EP8S> + (
OFATS

X DEP_IMFS)

OEPsgS OIMFS

where: oTrit IS the genetic standard deviation of each trait; DEP_Trait is the expected difference
in the progeny of each trait.

The second index, which is the most used to rank the sires, weighs 25% for weight gain
from birth to weaning (PBG), 5% for conformation score at weaning (Cw), 8% for direct
weaning precocity (WP), 8% for musculature score at weaning (Mw), 25% for post-weaning

weight gain (PWG), 5% for conformation score at 550 days old (Cs), 8% for weight at 550 days
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old (Ws), 8% for musculature score at 550 days old (Ms), 8% for scrotal circumference (SC),

and is calculated as follows:

0.05 0.08
X DEP_PBG) + (— X DEP_CW) + ( X DEP_WP)

0.25
INDF = (
Ocw Owwd

OpPBG

0.05
X DEP_PWG) + <

0.08 0.25
+ <— X DEP_MW) + <
Ocs

X DEP_CS)
OMw OpwG

0.08
X DEP_MS) + (— X DEP_SC)

0.08 0.08
+ ( X DEP_Ws) + (
Osc

Ows OMs
where: oTrit IS the genetic standard deviation of each trait; DEP_Trait is the expected difference
in the progeny of each trait.

In the bioeconomic carcass index developed (INDCe), the subjective visual scores are
no longer considered, since the ultrasound measurements are already considered.

In this index, the relative importance of the selection criteria is higher for PWG, REAS,
EP8S, PBG, and IMFS, respectively (Table 7.5). However, differently of the empirical indices,
the economic weights (b) of each selection criterion are used to multiply by their respective
values of expected difference in progeny (DEP), being these values of b the result of
multiplication of the matrices Gi;! e Gy,and the vector of economic values v.

In this way, the INDC is calculated as follows:

INDCe = (1.22 x DEP_PBG) + (6.42 x DEP_PWG) + (8.35 x DEP_REAS)

+ (56.63 x DEP_EP8S) + (12.85 x DEP_IMFS)

where: PBG and PWG are described before, REAS is the ribeye muscle area measured by
ultrasonography, EP8S is the subcutaneous backfat, measured by ultrasonography, IMFS is the

intramuscular fat measured by ultrasonography on the Longissimus dorsi muscle between the
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12" and 13" rib, and DEP_Trait = expected difference in the progeny of each trait, that
correspond to a half of the estimated breeding value.

In Table 7.4 is shown the correlation between the indexes, that was considered high for
the three indexes studied.

The correlation between INDC and INDCe are high compared to the correlation of both
with INDF because have more selection criteria in common used in these indexes.

This result shows that INDC and INDF indexes already used in the PROMEBO breeding
program have the weights for the selection criteria very close to the economic optimum,
however, the values resulting from the use of the economic carcass index provide an economic
estimate for the breeder's decisions on the selection, and it is possible to represent in the
currency the value aggregated in the carcasses of the sons of one sire to an average bull of the
breed.

In this way, in practical terms, with the results obtained it is already possible to select
bulls that breed animals with the potential to produce more profitable carcases, where each bull
can be chosen according to its economic contribution, being another option of choice at the

moment to select the animals that will produce the next generation on farms.

7.4 Conclusions

The developed bio-economic model was able to identify which biological characteristics
related to the carcasses of the animals added greater value to the system, being them the final
weight of the animals, the ribeye muscle area, the subcutaneous fat and the percentage of
intramuscular fat. These traits should be considered as a breeding goal to increase the revenue

of production systems that use the Aberdeen Angus breed.
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The economic index of carcasses should be adopted by the Promebo Genetic Evaluation
Program because presents the weighting of the selection criteria that results in a economic
assessment of carcass added value to the prospected offspring of selection candidates. This
would aid producers to identify superior seedstock for the production systems that use the

Aberdeen Angus breed and target to delivered certified beef.
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8 General conclusion

Through the developed bioeconomic models, it was possible to identify the biological
traits that have an impact on the profitability of the full-cycle production systems that use the
Hereford and Braford breeds in the Southern of Brazil were weaning weight direct and
maternal, tick count, mature cow weight, subcutaneous backfat, ribeye muscle area, post-

weaning gain, final gain, and stayability

Considering that the breeding goals are not expressed in the same way and at the same
time in the life of the animals, the use of the discounted genetic expressions to adjust the
economic values of each breeding goals was necessary to standardize the economic values as a
function of time required for the manifestation of each trait in the next generations.

As the productive systems of southern Brazil historically have serious problems related
to the low reproductive rates and with tick parasitism, to select more profitable animals, the
traits tick count, ribeye muscle area subcutaneous backfat and stayability should be included as
breeding goals in the PampaPlus breeding program, and is recommended the use of the
developed economic indexes.

The developed carcass bio-economic model for Aberdeen Angus breed was able to
identify which biological characteristics related to the carcasses of the animals added greater
value to the system, being them final weight of the animals, ribeye muscle area, subcutaneous
fat and percentage of intramuscular fat. These traits should be considered as a breeding goal to
increase the revenue of production systems that use the Aberdeen Angus breed.

The economic index of carcasses should be adopted by the Promebo Genetic Evaluation
Program because presents the weighting of the selection criteria that results in an economic

assessment of carcass added value to the prospected offspring of selection candidates. This
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