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Dedication

he authors and editor of the NBCEC Sire Selection Manual

dedicate this publication to Dr. John Pollak. John was the
founding director of the NBCEC and has worked tirelessly for the
advancement of beef cattle genetic evaluations for many years.
John's tenure as Director of the NBCEC ended in January of this
year and his leadership will be missed. John continues to serve
the beef industry as Director of the Roman L. Hruska U.S. Meat
Animal Research Center in Clay Center, Nebraska.



Foreword

his manual was sponsored by the National Beef Cattle Evalu-

ation Consortium (NBCEC). The NBCEC is an organization
of universities that have been involved in beef cattle genetic
evaluations over the last several decades, plus affiliate universi-
ties doing research critical to beef cattle selection and evaluation.
The consortium, which started operations in 2000, is funded by
a Special Research Grant from the Cooperative State Research,
Education, and Extension Service of the USDA. The focus of
the NBCEC is research, but we strongly believe in the need for
an active extension program in beef cattle genetics. As such, we
have held workshops and symposia on a variety of topics and have
conducted several series of distance-education programs. This
manual represents another effort by the NBCEC Extension team
to provide current and meaningful information to the industry.
As director of the NBCEC, I would like to take this opportunity
to pay special thanks to the editors, authors, and reviewers who
made this manual come to life.

We live in an age of accelerated scientific discovery, which
leads to new technologies that must be understood by members
of the production sector of the industry to assure that technology
is applied appropriately. Today, producers face the challenges of
learning about DNA testing and its application to their selection
programs. However, one very appropriate use of any new tech-
nology is to synchronize it with tried and tested programs. The
beef industry still must use tools like EPD and programs such as
crossbreeding and/or composite breeding. The Beef Sire Selec-
tion Manual incorporates information on both tried and tested
programs as well as on new genetic technology. It is meant to be
areference to help producers understand the important genetic
concepts that are the tools for profitable cattle breeding.

Knowledge is a powerful asset for any undertaking, and profit-
able beef production is an endeavor the members of the NBCEC
are committed to support. As such, we the faculty members of
the NBCEC hope that you find this to be a useful educational
tool and a unique resource.

John Pollak

Director
U.S. MEAT ANIMAL RESEARCH CENTER, ARS

Director Emeritus
NATIONAL BEEF CATTLE EVALUATION CONSORTIUM

n principle, geneticimprovement is a straight-forward exercise

that results from using above-average selection candidates
as the parents of the next generation. In practice, the devil is in
the details. Both bull breeders and bull buyers need to consider
their breeding objectives, defining the list of traits that need to
be modified to advance the towards their goal. The bull breeder
further needs to determine the characteristics that can be cost-
effectively measured on the live animals in order to predict the
merit of the candidates for the traits in their objective. The bull
buyer needs to know how to interpret the sale information, and
to have a working knowledge of the jargon to sensibly converse

with bull breeders and other stakeholders in genetic improve-
ment. Knowledge and understanding of these and other issues
has never been more relevant than today, with some calling for
belt-tightening due to economic pressures on the beef industry,
while others are offering new investment opportunities such as
DNA-based technologies that may assist in the selection process.

This second revised edition of the sire selection manual builds
on the successful first edition and provides many details as to the
importantaspects of beef cattleimprovement. It has been written,
edited, refereed and revised by experts in the nation, driven by
their interest in education, informed decision making, and the
genetic improvement of the beef industry. They deserve special
thanks. The manual will be of interest to stakeholders in all sectors
of the beefindustry, those bull breeders and bull buyers involved
directly in animal management and selection, those that assist
them in this task, including breed associations, sales representa-
tives, extension agents, and aspiring students looking for career
opportunities in any of those areas. The Scientific and Industry
Councils of the National Beef Cattle Evaluation Consortium are
proud of their role in facilitating this publication and trust you
will find it can add value to your business, wherever that may be
in the beef industry.

Dorian Garrick

Lush Chair in Animal Breeding and Genetics
IowA STATE UNIVERSITY

Executive Director
NATIONAL BEEF CATTLE EVALUATION CONSORTIUM

he first edition of the Beef Sire Selection Manual, sponsored
by the National Beef Cattle Evaluation Consortium, was
printed in 2005. The Consortium is pleased to present this sec-
ond edition in 2010. A talented set of beef genetics experts from
across the USA have authored the chapters. We are indebted
to their abilities to present sometimes challenging materials in
clear form that is easily understood by readers with a wide array
of backgrounds. Many others have reviewed and critiqued the
authors’ efforts. A new chapter appears near the end, adding new
developments in the utilization of molecular information in beef
cattle selection decisions. Some chapters have remained quite
similar to the initial version, while others have been updated
and improved. There has been some reordering of chapters too.
Whether a seedstock breeder, a commercial breeder, a pro-
vider of selection decision tools, an educator or simply a casual
reader, we believe everyone will gain from the manual. Sire selec-
tions are the premier selection decisions that all cattle breeders
make, whether in a seedstock situation or in a commercial,
crossbreeding one. Understanding the concepts and the tools is
the first step in increasing our chances of success.

Merlyn K. Nielsen

Wagner Professor
UNIVERSITY OF NEBRASKA-LINCOLN

Editor, Second Edition



The Importance of Sire Selection

Dan W. Moser, Kansas State University

Bull selection presents an important opportunity to enhance
the profitability of the beef production enterprise. For several
reasons, bull selection is one of the most important producer
decisions, and as such, requires advance preparation and effort
to be successful. To effectively select sires, producers must not
only be well versed in the use of expected progeny differences
(EPD) and understand breed differences, they must accurately
and objectively assess their current genetics, resources and
management. Furthermore, recent advances in DNA technol-
ogy and decision-support tools add complexity to selection, but
will ultimately enhance selection accuracy. Producers who stay
up to date on advances in beef cattle genetics should profit from
enhanced revenue and reduced production costs, as they best
match genetics to their production situation.

Opportunity for Genetic Change

Sire selection represents the greatest opportunity for genetic
change. Genetic change in cow-calf operations can occur both
through sire selection and through replacement female selec-
tion in conjunction with cow culling. Most producers raise their
own replacement heifers rather than purchasing from other
sources. This greatly limits contribution of female selection
to genetic change because a large fraction of the heifer crop
is needed for replacements. Depending on culling rate in the
cowherd, usually one-half or more of the replacement heifer
candidates are retained at weaning to allow for further selec-
tion at breeding time. So even if the best half of the heifers are
retained, some average heifers will be in that group. Finally, the
information used to select replacement heifers in commercial
herds is limited. Producers may use in-herd ratios along with
data on the heifers’ dams, but these types of data on females
do not reflect genetic differences as well as do the EPD used to
select bulls.

In contrast, whether selecting natural service sires for purchase
or sires to be used via artificial insemination (AI), the amount
of variation available can be almost overwhelming. Producers
can find bulls that will increase or decrease nearly any trait of
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economic importance. Furthermore, since a relatively few bulls
will service a large number of cows, producers can select bulls
that are fairly elite even when natural mating. Use of Al allows
commercial producers to use some of the most outstanding
bulls in the world at a reasonable cost, allowing for enormous
amounts of genetic change, if desired. Finally, selection of bulls is
more accurate than female selection. Seedstock breeders provide
genetic information in the form of EPD, which allow for direct
comparison of potential sires across herds and environments.
Unlike actual measurements, EPD consider the heritability of the
trait to accurately predict genetic differences between animals. If
Alisused, even greater accuracy is possible. Bulls used in Al may
have highly proven EPD, calculated from thousands of progeny
measured in many herds and environments.

Permanent and Long-Term Change

Genetic change is permanent change. Among management
decisions, genetic selection differs from others in that the ef-
fects are permanent, not temporary. Feeding a supplement
to meet nutritional requirements is beneficial as long as the
feeding continues and health protocols, while important, must
be maintained year after year. However, once a genetic change
occurs, that change will remain until additional new genetics
enter the herd. Whether selecting for growth, carcass traits or
maternal performance, those traits, once established in the herd,
are automatically passed on to the next generation.

Sire selection has a long-term impact. Regardless of whether
a selected sire has a favorable or unfavorable effect on the herd,
if his daughters enter the cowherd, his effects will remain for a
considerable period of time. Assumingasire is used for four years
and his daughters are retained, his impact will easily extend into
the next decade. And, while each generation dilutes his contribu-
tion, his granddaughters and great-granddaughters may remain in
the herd a quarter-century after last sired calves. For this reason,
purchases of bulls and semen should be viewed not as a short-
term expense, but along-term investment into the efficiency and
adaptability of the beef production enterprise.



Assessing Management, Resources, and Marketing

Darrh Bullock, University of Kentucky

Goal setting is important for many areas of beef production,
especially for the breeding program. These goals include
reproduction, calf performance, income, herd replacements,
cost containment, or anumber of others. Breeding management
decisions are going to impact each of these goals to varying de-
grees. For example, the breeding management practice that has
the greatest impact on reproduction is crossbreeding; whereas
selection is the best management practice for improving carcass
quality. Once goals for your beef herd that are important to your
family’s quality of life are set, it is time to determine which man-
agement and breeding practices will be best for your cattle opera-
tion. Remember, most management decisions can be changed in
aninstant, but changes to your herd’s genetics generally take time.

Herd Assessment

Once goals have been established, a target has been set; hence,
to reach that target, it is important to determine the performance
and potential of your current herd. It is very important to have
complete and accurate data to determine the production poten-
tial of a herd. Data analysis may determine if a herd is performing
appropriately for the present level of management or if subtle or
drastic genetic changes are in order to meet goals.

Assessing the Herd

Determine Breed Makeup

The first step in assessing a commercial herd is to determine
its breed makeup. This will be a reflection of the effectiveness of
the crossbreeding program. If you have cows in the herd that are
greater than 75% of one breed, then you may consider changes to
your breeding program. Further detailed discussion will follow
in the crossbreeding section.

Determine Production Level

The next step is to determine the production level of your
herd. Accurate and complete records are the only method of
determining the production status of a cowherd. Records allow
the assessment of the date of calving for reproductive perfor-
mance (including calving distribution), calving ease score, udder
and teat scores, calf vigor, sickness, growth performance, cow
weight and condition at weaning, and any other characteristics
ofimportance. Herd data analyzed and summarized can become
information needed to make proper management decisions.
Without records, the ability of cattle producers to make best
management decisions are drastically limited.

Determine Weight and Frame Size

Thelast step is to determine the average weight and frame size
of the cowherd. Frame scores are officially determined by a calcu-
lation that includes the age and hip height of the animal. Frame
score predicts the expected mature size or finished weight of
market calves as shown in Table 1. The predicted mature weights
assume a cow body condition score of 5, and the finished market
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Table 1. Frame relationship to mature size and carcass weight.
Yearling Hip Height (in) Expected Weight (Ibs)

Frame Mature Steer  Steer
Score Bulls Heifers Cows Harvest Carcass
3 45 43 1025 950 600
4 47 45 1100 1050 660
5 49 47 1175 1150 725
6 51 49 1245 1250 785
7 53 51 1320 1350 850
8 55 53 1395 1450 915
9 57 55 1465 1550 975

weight assumes a backfat thickness of 0.4 inches. Knowing the
frame size of the cowherd will have an impact on two areas: cow
maintenance and carcass weights.

Frame’s Effect on Cow Maintenance

For most commercial cattlemen, cow maintenance costs are
the major production cost for the cowherd. Larger-framed cattle
weigh more at maturity and therefore have higher maintenance
needs. These cattle will need to have additional growth genetics
to generate increased income to offset the increased cow feed
cost. This cost/return balance is important to determine manage-
ment systems. For example, if larger feeder calves are desired and
replacement heifers are retained, it may result in larger mature
cows that will increase feed costs, or if feed resources are not
increased, the herd’s reproductive performance will suffer.

Frame’s Effect on Feedlot Performance and Carcass Weight

The growth and development relationship between large- and
small-framed cattle can be observed in Figure 1. The growth
patterns of the different types of cattle are similar, and the
circle illustrates the optimum finish point for the cattle. Feeding
cattle beyond this weight will cause increased cost of production
through compromised feed efficiency. Beyond this point the
cattle are accumulating more body fat and less muscle. Since it
requires more feed (energy) to put ona pound of fat than a pound
of muscle, the cattle become less efficient. As a general rule,
larger-framed cattle tend to grow at a faster rate when striving
to reach their optimum heavier finish weight. Therefore, large-
framed cattle require greater amounts of feed and have greater
expenses due to longer growing periods in the feedyard; however,
heavier finish weights will likely generate more income. As long
as discounts from excessive carcass weights or inferior quality
grades and yield grades are avoided, producing more pounds of
salable product will be advantageous to gross income.

The real problem occurs when cattle of varying frames are fed
together to a constant endpoint. The average of the group will
meet industry needs, but there may be a large percentage of over-
and under-finished cattle in the group. Grouping cattle according
to type going into the feedyard or sorting the cattle out as they
finish are essential in producing a uniform, acceptable product.
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Figure 1. Comparison of growth curves of

small- and large-framed cattle.

/m/_‘
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Growth Units

Time Units

Differences in Calf Performance When Sired by a Large-
Framed Bull or a Moderate-Framed Bull with the Same EPD
for Growth: If two bulls have the same genetics for growth but
differ in frame, we would expect the larger-framed bull’s calves to
be taller at weaning and yearling, the finished calves to be heavier
and take longer to feed to optimum finish, and the females to be
larger as mature cows. However, because the bulls have the same
EPD for growth, we would expect the calves to weigh the same at
weaning and as yearlings. If large- and moderate-framed calves
weigh the same, then the larger-framed calves most likely have
less muscling and/or less body capacity. To put this into perspec-
tive, visualize two men who weigh 200 pounds each, and each
has the same percent body fat. One man is 6 feet 6 inches, and
the other is 6 feet tall. The shorter man is likely to have a thicker
build with more muscling.

Management Assessment

Management is another component of an operation that
should be assessed. In order to properly determine the genetic
type of cattle that is needed, it is important to know what re-
sources will be provided and how they impact the performance
of the herd. When assessing management, the primary areas of
concern are labor, nutrition availability, and feed quality.

Labor

Even on a family-owned and -operated farm or ranch, labor is
a consideration when developing a breeding program. Manpower
spent per animal will need to be determined. In other words, is
laboravailable over the course of the day to provide assistance when
needed, or is labor limited or available on a part-time basis? Know-
ing this information is necessary to develop a breeding program.
Asan example, a full-time farmer/rancher who observes the cattle
multiple times inaday may not have
to pay as much attention to getting
a calving ease bull as the part-time
farmer/rancher who rarely sees
the cattle. Additionally, a full-time
farmer/rancher usually has more
opportunity to provide additional
nutrition during times of distress
and can probably manage high-
producing cattle more efficiently
than a part-time farmer/rancher.

Cow/calf pair on lush pas-
ture in South Carolina.

Photo: Lydia Yon
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Cattle taking advantage of crop residue in lowa.

Another labor consideration is the physical capability of the
labor. Physical limitations (age, health, handicap, etc.) will require
breeding considerations for traits such as calving ease and disposi-
tion. Labor availability and capability are important components
when determining your breeding program.

Effect of Performance Level and Nutrition Availability

Theavailability and quality of nutrition are extremely important
when determining your breeding program. Cattle will performasa
response to their nutritional plane. Research has shown that under
limited nutritional conditions, smaller, less productive cattle are
more efficient at converting the available resources into pounds of
salable product. Their calves typically weigh less, but they tend to
have a greater reproductive rate, which improves the production
of the herd. Under ideal nutrition, there were very little efficiency
differences between high- and moderately performing cattle. In
an environment that provides ample amounts of nutrition, the
larger, high-performing cattle were the most efficient at produc-
ing pounds of salable product or weaned calves. Based on this
information, management operations that provide exceptional
nutrition should consider more productive types of cattle; how-
ever, operations with poor nutrition, either in availability or quality,
should consider less-productive cattle (smaller and/or less milking
ability). Quantity and quality of feed resources will be a factor in
many management decisions including breeding management.

Feed Quality

Cattle are raised in every part of the United States, and condi-
tions vary drastically. The nutritional resources that are available
to cattle are also going to be considerably different depending on
location and individual management practices. There are three
basic nutritional categories that need to be assessed: the forage
base, stored feeds, and purchased feeds.

Forage Base

The forage base assessment deals with determining the quality,
quantity, and seasonality of forages that are available. This will
include grass type, availability of legumes, and grazing system
options (continuous, rotational, etc.). It will also include the
availability of crop residues and other regional grazing practices.
Because of increased production costs, intensive forage manage-
ment must sustain a greater level of cattle productivity.
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Stored Feeds

The best way to determine the quality of stored feeds is
through lab analysis. The major factors that are going to affect that
analysis will be species composition, maturity at harvest, harvest-
ing conditions, and storage conditions. Species composition is
typically influenced a great deal by the region (subtropical, high
desert, fescue belt, etc.), as well as some aspects of harvesting
and storage. Arid regions can typically harvest hay under better
conditions than areas with large amounts of rainfall. In many
regions, the window of opportunity for cutting, drying, baling,
and removal is too short to avoid some exposure to rain, which
affects quality. Those windows of opportunity also dictate the
maturity at harvest.

Purchased Feeds

The assessment of purchased feeds should be based on the
availability of economical feedstuffs and is reflected in feed tag
information. The decision to purchase feeds is dictated by the
deficiencies between the herd requirements and the availability
of feed grown by the cattle operation. Regional situations will
make certain economical feedstuffs readily available to cattle
producers. The decision to purchase feed should always be based
on the economic return. In other words, be certain that the cost
of purchasing the feed will be offset by generated income.

Marketing Opportunities

The production of beef can be segmented so that multiple
ownership of the cattle can happen before it reaches the end
consumer. This type of system allows many opportunities for
cattlemen, depending on the amount of risk and responsibility
they are willing to take. The time of marketing (weaning, pre-
conditioned, yearling, finished) and the pricing systems should
be seriously considered when developing breeding programs.

The most common opportunities to market cattle intended
for meat production are:

1. Weaned calves sold at auction or by video. Sellers provide
the only production information that is available to potential
buyers through the auction center’s personnel.

Calvessold offthefarmatweaning. Buyerhasdirectcontact with
producerandshouldbe moreaware of performanceinformation
to varying degrees, breed type, and management information.

Cattle grazing native pastures in Kansas.

Photo: Tim Marshall
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3. Calvessold eitheratauction or off the farm aftera precondi-

tioning period. This marketing system is only profitable to the

seller if the buyer is aware of the preconditioning. Therefore, if
soldatauction, itisnecessaryfor the preconditioninginformation
to be provided to potential buyers to obtain price premium.

Yearlings sold after a backgrounding/stocker program

through an auction or off the farm. Buyers generally have

little knowledge of the cattle if the cattle have had a previous
point of commerce, but yearlings tend to have better health
as feeders compared to calves because of advanced age.

Retained ownership through the finishing period. Fed cattle

have the following marketing options:

« Sell live as commodity cattle. Cattle are priced by the
average value of cattle compared to other cattle marketed
at the same time.

+ Sellin the meat. Available options are :

o Grade and yield. Carcasses are valued according to
Quality Grade, Yield Grade, and dressing percentage.

o Value-based market through a grid or formula. A precise
marketing system that pays premiums for certain carcass
traits. Some gridsare better suited for high-quality grade
cattle, while othersarebetter suited for greaterlean meat
yield.

o Formula marketing Cattle that are marketed during the
finishing period with a specific future date and delivery
point.

Determining the best marketing system for an operation is dif-
ficult to determine if information about the production potential
of the cattle is limited or nonexistent. Depending on resources
and production potentials, differences in marketing options will
determine profits. Situations that may cause re-evaluation of
cattle marketing plans would be drought or other restrictions
to grazing management, market and/or futures prices, alterna-
tive feed availability, facilities, ability to manage risk, or others.
Although it is important to set goals and have targets, it is also
important to be flexible if opportunities or adversities develop.

Summary

Evaluating the resources and opportunities of cattle operations
is the first step necessary in selecting breeding stock. Once mar-
keting goals are in place and the capacity and level of production
of an operation are established, then a breeding program can be
developed. The breeding program of seedstock producers should
be to provide customers with cattle that fit their operations and
production goals. Marketing highly productive (growth and milk)
bulls in an area with limited resources may actually compromise
future production. Commercial producers should consider a
crossbreeding system to take advantage of heterosis and breed
complementarity. After breed selection, cattle producers should
then select bulls that match their resources, management, and
market opportunities. Targeted selection is a must for efficient
production of beef.



Genetic Principles

Darrh Bullock, University of Kentucky

o fully understand breeding management, it is important to

know some basic genetic principles. Knowing the role genet-
ics plays in each economically important trait of beef cattle can
assist in making wise selection decisions. It is necessary to know
which traits can be altered through breeding management (selec-
tionand/or crossbreeding) and which traits should be altered by
other management techniques.

Traitis the term used to describe a characteristic in cattle. This
canrefer to either the appearance or performance of an animal and
can also be referred to as the phenotype; for example, black coat
color, horned, 550 Ib weaning weight, etc. For most performance
traits (e.g., weaning weight), the phenotype of an animal is con-
trolled by two factors: the environment in which the animal lives
and the animal’s genetic makeup or genotype. The environment
consists of not only the weather but also how the cattle are man-
aged. Creep feed, forage quality and quantity, and health programs
are examples of environmental effects. Environmental effects on
economically important traits are controlled through manage-
ment techniques such as nutrition and health programs.

For the purposes of this manual, the focus will be on the ge-
netic component of the phenotype. The genetic component of all
living things is expressed through the production of proteins at
the cellular level. Cells can turn on or turn off the production of
proteins through signals from other cells, environmental changes,
age, or other factors. The code for this protein production is found
in DNA (deoxyribonucleic acid), which comes in long strands
that form chromosomes. Cattle have 30 pairs of chromosomes;
humans have 23. Each animal inherits one of each pair from its
sire and the other from its dam.

The term gene refers to the basic unit of inheritance. and it is
a particular segment of the chromosome that codes for a spe-
cific protein. There are also parts of the chromosome that are
thought to play no role in inheritance. The location of the gene
on the chromosome is called the Jocus (Figure 1). The term allele
refers to one of the chemical or functional possibilities that can
be present at a locus (i.e., coat color has two possible alleles: red
and black).

In terms of genetics, traits are usually referred to as either
simply inherited or polygenic. Simply inherited traits are usually
affected by only one gene. The two most commonly recognized
simply inherited traits in beef cattle are red/black coat color and
horned/polled. Some genetic disorders are also simply inherited.

Simply inherited traits are typically observed as either/or: either
the animals have horns, or they are polled. Additionally, simply
inherited traits are affected little by the environment. If an animal
has the genotype for black coat color, environmental conditions
are not likely to make it red.

As implied in the name, polygenic traits are controlled by
many genes. The number of genes involved depends on the
trait, and there is currently little information on just how many
genes are involved for particular traits. Examples of some
common polygenic traits in cattle are birth weight, weaning
weight, milking ability, marbling, tenderness, etc. Besides being
controlled by many genes, polygenic traits are also controlled
by the environment. We will illustrate the basic concepts of
genetics using simply inherited traits and will then come back
to polygenic traits.

Alleles at alocus can have an effect on the trait by themselves
but can also affect the phenotype through interactions with other
alleles. Alleles can interact in two ways, referred to as dominance
and epistasis. There are varying degrees of dominance, and this
refers to how the two alleles that an animal has at a particular locus
interact. The classic form of dominance is complete dominance.
With complete dominance, one allele can completely mask
the expression of the other allele. This results in heterozygote
animals having the exact phenotype as homozygote dominant
animals. This is the type of dominance we see in red/black coat
color, where black is dominant to red. Cattle that have two black
alleles are black (homozygous dominant), cattle that have one
black and one red allele are also black (heterozygous), and red
animals are the result of having two red alleles (homozygous
recessive). When dealing with traits with complete dominance,
heterozygous animals are often called carriers because they are
carrying the allele and can pass it to their offspring even though
they do not express the trait themselves. It is possible to breed
two black cattle and get a red calf because each parent was a red
allele carrier.

Coat color is a good trait to demonstrate how alleles interact in
a trait with complete dominance. For this example, we will mate
an Angus bull to Hereford cows. The Angus bull is homozygous
dominant, which means he has two black alleles (BB). The Her-
eford cows are homozygous recessive, which means they have two
red alleles (bb). When mated, all offspring will be heterozygotes
(Bb). The Punnett square in Figure 2 illustrates this mating.

Figure 1. Chromosomes with hypothetical location of genes that control some common traits in cattle.
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If we were to breed these heterozygous heif-
ers back to a Hereford bull, we would get 50%
heterozygous black (Bb) calves and 50% homo-
zygous red (bb) calves (Figure 3.). If we were to
mate the Hereford x Angus heifers to Hereford
x Angus bulls, then we would get all three pos-
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Figure 2. Punnett square
for coat color when mat-
ing a homozygous black
bull to a homozygous
red cow. The joining of
the gametes shows the
potential offspring and
their color.

Figure 3. Punnett square
for coat color when mat-
ing a homozygous red
bull to a heterozygous
black cow. The joining of
the gametes shows the
potential offspring and
their color.

Figure 4. Punnett square
for coat color when mat-
ing a heterozygous black
bull to a heterozygous
black cow. The joining of
the gametes shows the
potential offspring and
their color.

sibilities: homozygous black (BB), heterozygous
black (Bb), and homozygous red (bb) (Figure 4).

Bull Gametes

Bull Gametes Bull Gametes
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7 1 0/.950,
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T?alts controlled by one gene, with complete bl Bb | Bb b| bb | bb bl Bb | bb
dominance, are easy to understand but can cause black | black red | red black | red

problems because of the possibility of carriers.
For some traits, the only way to detect carriers
is through progeny testing, which is costly and time consuming.
However, with advancements in molecular technologies, carriers
can be identified for some traits by conducting a DNA test on a
tissue sample, which will be discussed in the chapter titled DNA-
Based Technologies.

Besides complete dominance, there are other types of in-
teractions between the two alleles at a locus, including: partial
dominance, no dominance, and overdominance. As implied by
their names, partial dominance means that the heterozygote
favors the dominant characteristic but does not express to the
full extent as the homozygous dominant. No dominance means
that the heterozygote is the average of the homozygote dominant
and recessive and is also referred to as additive because the phe-
notype of the heterozygote is the sum of the effects of the two
alleles individually. Overdominance is when the heterozygote is
expressed at a greater level than the homozygous dominant.

Dominance is a way to describe how alleles interact with each
other at a particular locus. The term epistasis is used to describe
how genes interact with genes at other loci. A classic example
in cattle is the diluter genes in Charolais. When Charolais are
crossed with red or black cattle, the offspring are off-white. This
is the result of the diluter genes at different loci overriding the
red/black genes.

Another type of inheritance interaction that can happen is sex-
related inheritance. Sex-related inheritance can be categorized
in three ways: sex-linked, sex-influenced, and sex-limited. Sex-
linked traits are determined by genes located on the X chromo-
some. Sex-influenced trait expression occurs when phenotypes
are different between males and females with the same genotype.
An example in cattle of a sex-influenced trait would be scurs.
In male cattle, the scur allele is dominant, and in female cattle
it is recessive. Therefore, if a male or female are homozygous at
the scur loci, then they will be scurred; if they are homozygous
for the normal allele, then they will not be scurred. If they are
heterozygous at the scur allele, then males will be scurred, but
females will not. Sex-limited traits are those traits that can only
be expressed in one sex or the other. Examples in cattle would
be milking ability, which can only be expressed in females, and
scrotal circumference, which can only be expressed in males.

The terms used to describe how traits are expressed are
categorical or continuous. Most simply inherited traits in cattle
are threshold traits, which mean they fit a certain category. For
the phenotype of horned/polled, there are only the two choices,
horned or polled, which make this trait a threshold trait. Cat-
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egorical traits that are polygenic are referred to as threshold traits.
Dystocia is typically expressed as either assisted or unassisted
or is measured numerically: no difficulty = 1; easy pull = 2; hard
pull = 3; caesarean section = 4; and abnormal presentation = 5.
Nevertheless, it is obvious that many factors can affect dystocia
including birth weight and pelvic area, which are both polygenic
traits that are expressed on a continuous scale. Continuous refers
to the fact that, in theory, there are infinite possibilities for the
trait phenotype. Most measurement traits fall into this category.

As discussed in the beginning of this chapter, all traits are con-
trolled by two effects: genetics and environment. In actuality, the
impact of genetics can be divided into two types of action: additive
and non-additive. Additive genetic action refers to the effect of
genes that is independent of other genes and the environment.
In other words, there is no influence of dominance or epistasis.
These genetic effects are additive in nature, which means for a
polygenic trait, you can take one additive gene and add it to the
effect of another additive gene, and so on, for all of the additive
genes that influence that trait. The sum of all of those genes for
an animal is called its breeding value for that trait. A simple case
for weaning weight is illustrated in Figure 5.

Figure 5. Simplified illustration of combining the additive genetics
for weaning weight to determine the animal’s weaning weight
breeding value.
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The proportion of differences we see between animals for a
trait that is controlled by additive genetics is called /ieritability. For
example, yearling weight has a heritability of 0.40, which means
that 40% of the differences we see in yearling weights between
cattle in a herd are caused by additive genetic effects. If a trait
has a low heritability, this indicates that non-additive genetic
effects and/or the environment have a much larger influence on
that trait. High heritability indicates that additive genetics play a
relatively large role in the trait. The level of heritability in a trait
will have an impact on selection decisions. Progress tends to be
much slower in lowly heritable traits when attempting change
through selection. With higher heritability, we usually can achieve
more rapid progress through selection due to greater accuracy in
selection decisions.

Both the sire and the dam pass on half of their genetics to their
offspring. For definition purposes, sperm and egg cells are called
gametes. Each gamete that a parent produces gets arandom sam-
pling of that parent’s genes. For a single gene, a heterozygous Zz
animal produces 50% Z gametes and 50% z gametes. That means
that there is variation in the genetic makeup of the gametes pro-
duced, which is termed Mendelian sampling. Mendelian sampling
can be clearly observed when you compare full-sibs, and humans
are perfect examples. The fact that male and female children
can be born to the same parents is one example of Mendelian
sampling. Now compare brother to brother and sister to sister
within a family; there are often similarities because full sibs have
half of their genes in common on average, but there are also dif-
ferences, which can be dramatic. An example in cattle would be
to compare flush-mates in an embryo transfer program; there
is often variation in these full-sibs, even when raised in similar
environments.

Since only half of each parent’s total genetic material is in each
gamete, then the average of all gametes produced is half of their
breeding value. This is termed the parent’s transmitting ability.
Expected Progeny Differences (EPD) are estimates of an animal’s
transmitting ability and will be discussed in detail later. Selection
decisions are made to change the additive genetics in the herd
because additive genetics are passed on from one generation to
the next; animals with high EPD tend to have alleles with positive
additive effects on the trait for a larger number of loci.

Most traits are controlled to some degree by both additive and
non-additive genetic action. In beef cattle breeding, we can take
advantage of additive genetics through our selection decisions,
but we can also take advantage of non-additive genetics. Non-
additive genetic actions involve interactions between alleles at
the same loci (dominance), interaction between genes at differ-
ent locus (epistasis), and the interaction between genes and the
environment.

Epistasis and genetic-environmental interactions are difficult
to account for, but dominance can be taken advantage of through
a crossbreeding program. Pure breeds or lines of cattle have been
developed over time through selection and inbreeding. Both of
these practices increase the level of homozygosity in that breed; i.e.,
animals tend to have the same alleles at a locus. But this homozy-
gosity will be different in other breeds or lines; i.e., animals in other
lines tend to have a greater proportion of other alleles. Therefore,
when these breeds or lines are crossed, there is a great increase in
number of loci for which the offspring will be heterozygous. For
polygenic traits, the dominant alleles are often the advantageous
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alleles. With complete dominance, there are no differences in per-
formance between the homozygous dominant and heterozygous
individuals. The result is that instead of the offspring performing
average to the parental lines, as would be the case with additive ge-
netics, they performat a higher level than the average of the parental
lines. The term for this increase in productivity is called heterosis.
Heterosis tends to be highest for lowly heritable traits (such as re-
production) because these traits tend to have larger non-additive
effects, and lowest for highly heritable traits (such as carcass traits).
Crossbreeding might result in relatively smallamounts of heterosis
for a given trait, but these effects tend to accumulate to produce
large increases in overall productivity. In some instances, a portion
of this advantage is passed on to future generations, but to optimize
the benefits, a crossbreeding program should be implemented
(discussed in detail in the chapter on crossbreeding).

Another genetic effect that is important when making selection
decisions is genetic correlations. A genetic correlation is reflected
when you select for one trait and another trait is affected. There
are two ways that traits can be genetically correlated: /inkage and
pleiotropy. Linkage is when genes that affect two traits are located
close together on the chromosome. In that case, they do not segre-
gate randomly but tend to segregate similarly (the closer together,
the less random the segregation). Pleiotropy is when a gene has an
effect on more than one trait. It is easy to understand that some
of the genes that impact weaning weight are also going to impact
yearling weight and birth weight; this is an example of pleiotropy.

The effect of one trait on the other can be either complemen-
tary or disadvantageous. Here is an example of a complementary
genetic correlation: as selections are made for increased weaning
weight, yearling weight is also increased. An example of a dis-
advantageous correlation would be: as selections are made for
increased weaning weight, birth weight also increases. Genetic
correlations work the same, regardless of which trait is being se-
lected for. In other words, as selections are made to decrease birth
weights, weaning and yearling weights are usually decreased, too.
The implications of genetic correlations for many traits for which
EPD are calculated are presented in Table 1.

The breeding management program of most seedstock pro-
ducers is handled primarily through their selection practices.
A sound breeding management program for most commercial
cattle producers should include both selection and crossbreeding.
The following chapters will go into detail about practices that are
available for both selection and crossbreeding.

Table 1. Effect of genetic correlations when selecting for other
traits.

Weight Milking Calving Mature
Birth Weaning Yearling Ability Ease Size
BWEPD  + + + 0 - +
WWEPD  + + + - - +
YWEPD  + + + - - +
Milk EPD 0 —* —* + 0 0

+ = as EPD goes up, this trait also tends to increase.

- =as EPD goes up, this trait tends to decrease.

0 = no relationship.

* Increased milk EPD tend to decrease growth rate for the first generation.
Due to added milk production, offspring of first-generation females have
increased WW and YW.



The Role of Economically Relevant
and Indicator Traits

R. Mark Enns, Colorado State University

Selection is the process breeders use to produce genetic change,
realizing that genetic change and genetic improvement are
not necessarily the same. Producers can change many traits
genetically but change does not necessarily mean improvement.
Improvement implies the production of superior animals and for
livestock production the definition of superior animals are those
with greater profitability.

This manual explains underlying genetic mechanisms, con-
cepts of selection, and tools that can be used to make better
selection decisions to help producers meet their goals. The as-
sumption throughout is that the goal of sire selection and beef
enterprises is profitability.

The difference between indicator and economically relevant
traits (ERT) and the ability to distinguish between the two are
keys to improving profitability. By identifying the economically
relevant traits, selection focus can be narrowed, resulting in faster
genetic improvement and improved profitability. In the end, the
goal of focusing selection on ERT is to increase the probability
that breeders will make selection decisions that make them more
profitable. This chapter establishes guidelines for identifying the
economically relevant and indicator traits and provides a suggest-
ed list of ERT for commercial production systems. A subsequent
chapter will discuss selection on multiple ERT and assessing the
economic value of genetic improvement in those ERT.

Importance of the distinction

The rate or speed with which breeders can improve a specific
trait is determined by four factors: generation interval, genetic
variability, selection intensity and selection accuracy. Beef cattle
producers have little control over genetic variability and limited
control over generation interval. The generation interval, or the
rate at which one generation of animals is replaced by the next,
is largely limited by the reproductive rate (single births) and rela-
tively late sexual maturity in beef cows and the need to generate
replacements. The breeder has most control over the generation
interval in males and over the remaining two factors: selection
accuracy and intensity in both sexes.

Increased accuracy of selection is achieved using EPD rather
than actual performance. EPD are calculated using all available
performance information from animals within a database. By
using all available data rather than only individual performance
greater accuracy of selection is achieved and as accuracy in-
creases, so does the rate at which genetic improvement is made.
In the future as results from DNA tests are included in EPD
calculations, even greater levels of accuracy will be achieved on
young animals.

Use of EPD for selection decisions also improves the intensity
of selection. Animals from different herds can be compared on
a genetic level without sacrificing accuracy of selection because
EPD account for genetic and environmental differences between
contemporary groups. The ability to compare animals from dif-

ferent herds expands the pool from which producers can choose
replacements—no longer are they limited to comparing animals
from within the herd of a single seedstock producer. Another way
to envision the effects of an expanded pool of potential replace-
ment animals is to take an example from high school athletics. If
a team for any sport were chosen from a high school of only 100
students, and then a team was selected from a high school of 2000
students, likely the team from the school with 2000 students would
be superior. The team from the larger school would be subject to
more selection pressure in forming their team. (This is why there
are different classes for high school sports). The same concept is
at work when making selection decisions, the use of EPD expands
the pool from which to select—allowing fair comparison of ani-
mals from many different herds both small and large, enlarging the
pool of animals to chose from, increasing the intensity of selection
and ultimately speeding the rate of genetic improvement.

Traditionally breed associations only collected performance
information on birth weight, weaning weight and yearling weight
and accordingly the first EPD were produced only for those traits.
Since that time, breeders and breed associations have begun
collecting additional performance information on a multitude
of traits such as calving ease, carcass attributes, and ultrasound
measures. Once data on these new traits were available, the as-
sociations and scientists’ approach has been to produce EPD for
those traits as well. The production of these additional EPD was
rationalized as giving a more complete description of the breed-
ing animals (Bourdon, 1998). Unfortunately, this approach led to
an ever expanding list of EPD which in some cases has increased
the difficulty of making selection decisions. Many producers are
simply overwhelmed by the amount of available information. In
several cases, the expanding list of EPD resulted in several EPD
that actually represent the same trait of interest. For instance,
birth weight and calving ease EPD both address the same prob-
lem—difficult calving; and ultrasound percent intramuscular fat
and marbling score both address the same characteristic—mar-
bling of slaughter animals.

In situations where several EPD are calculated for the same
trait of interest, two potential problems arise. First, if the producer
uses both EPD to make a selection decision, the accuracy of that
selection decision actually decreases as compared to selecting
solely on the true trait of interest (a mathematical proof of this
concept is beyond the scope of this manual). Second, the relative
economic importance of the two becomes difficult to determine.
For instance, if a BW and a CE EPD are available, where should
most emphasis be placed? Or, should emphasis be placed only
on one of the traits?

The rapid growth in the number of EPD exacerbates another
problem inherent to any genetic improvement program--the
more traits that are simultaneously selected for, the slower the rate
of genetic improvement in any one of those traits. For instance,
a producer that sells weaned calves and purchases all replace-
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ment females likely concentrates on selecting and purchasing
bulls that produce calves that are born unassisted and are heavy
at weaning. If that producer decides to change the production
system and begins to keep replacement females from the calf
crop, heifer fertility and maternal ability become economically
relevant. Rather than selecting bulls for calving ease and wean-
ing weight; the breeder now must consider maternal ability and
heifer fertility, adding two more traits to their selection criteria.
This addition reduces the speed at which weaning weight (and
calving ease) can be improved. As more traits are added to the
list of importance, the rate of improvement in any one of those
traits is decreased.

The proliferation in number of EPD and the reduced rate of
improvement as more and more traits are selected for, beg for a
method to simplify the selection process. So how does a producer
choose those EPD that are most important to his/her production
and marketing system? The distinction between economically
relevant and indicator traits is the first step in simplifying the
selection process.

Distinguishing Between ERT
and Their Indicators

The costs of production and the income from production
together determine profitability of a beef enterprise. For a com-
mercial producer, those traits that directly influence either a cost
of production or an income from production are considered
economically relevant traits. For seedstock producers, the eco-
nomically relevant traits are the traits that directly influence either
acost of production or an income from production for their com-
mercial customers. Ultimately these commercial producers are the
largest customers of the seedstock industry with approximately
830,000 cow-calf producers relying on 120,000 seedstock produc-
ers to supply genetically superior breeding animals adapted to the
commercial production system (Field and Taylor, 2003). Those
traits not directly related to a cost or income from production
are, at best, the indicator traits and at worst superfluous.

The easiest way to distinguish between economically relevant
traits and indicator traits is to ask a specific question about the trait
of interest—if that trait changes one unit, either up or down with no
changes in any other traits, will there be a direct effect on income
or expense? For example, if scrotal circumference increases one
centimeter, is there a direct influence on income or expense? A
breeder’s profitability is likely not changed if the bulls purchased for
use in the herd average 1 cm larger. The profitability would come
through the genetic relationship of scrotal circumference with
ERTs. The primary reason for measuring scrotal circumference in
yearling bulls is the relationship with age of puberty in those bulls’
daughters. As yearling scrotal circumference increases, those bulls’
daughters tend to reach puberty at earlier ages with the assumption
that earlier age of puberty in heifers results in increased pregnancy
rates ata year of age (Brinks, 1994). In a production system where
replacement heifers are chosen from within the herd, one of the
primary traits of interest is heifer pregnancy—do the heifers
breed at a year of age in a restricted length breeding season? Age
of puberty is often a large factor in determining whether a heifer
becomes pregnant at a year of age, but age of puberty is only one
factor involved in heifer pregnancy. In the end, heifer pregnancy
is the economically relevant trait while scrotal circumference is
an indicator trait for heifer pregnancy.
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Table 1. Proposed economically relevant traits and suggested

indicators.2
Economically Relevant Trait  Indicatorsb
Probability of Calving Ease Calving ease score
Birth weight
Gestation length
Sale Weightc Birth weight
Weaning Direct 205 d weight
Weaning Maternal (Milk) 365 d weight

Yearling Weight

600 day weight

Carcass weight at finish
endpointe

Salvage Cow Weight

Slaughter weight
Carcass weight
Cull cow weight

Cow Maintenance Feed
Requirement

Mature cow weight

Cow body condition score
Milk productiond

Gut weight

Liver weight

Stayability (or Length of
Productive Life)

Calving records
Days to calving
Calving interval
Milk productiond

Heifer Pregnancy Rate

Pregnancy observations
Scrotal circumference

Tenderness (not relevant unless
increased income received for
more tender beef, e.g. niche
markets)

Carcass marbling score
Shear Force
US % intramuscular fat

Marbling Score (Quality Grade)
at finish endpointe

US % intramuscular fat
Carcass marbling score
Backfat thickness

Retail Product Weight at finish
endpointe (current industry
standard is yield grade)

Carcass weight
Rib-eye area
Backfat thickness

Days to a Target Finish Endpoint

Carcass weight endpoint
Fat thickness endpoint
Marbling endpoint

Carcass weight and age at
slaughter

Backfat thickness and age at
slaughter

Quality grade and age at
slaughter

Feedlot Feed Requirements

Feedlot “in” weight, Slaughter
weight

Dry matter intake

Average daily gain

Relative feed intake

Survival to Market Endpoint

Disease treatment records
Disposal/death records

Health/Disease Incidence

Health treatment records

Docility

Docility Scores

a Portions adapted from Golden et al., 2000.

b Indicator traits are measured to provide information to produce EPD for
the economically relevant traits thereby increasing accuracy of those
EPD.

¢ Sale weight is a category of EPD. The breeder should choose the ap-
propriate economically relevant EPD that represents when calves from a
mating will be marketed.

d Milk production will be measured using the maternal weaning weight
(milk) EPD.

e Current carcass EPD are typically adjusted to an age constant basis, in
the future, carcass EPD that represent the value of the carcass should be
delivered in a manner that allows each breeder to select animals appro-
priate for their target market (e.g. Quality grid, muscle grid).
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Birth weight and calving ease provide another example of the
distinction between an economically relevant and an indicator
trait. Does a one pound change in birth weight directly influence
income or expense? Likely not, as that change may or may not
result in increased/decreased calving difficulty. With calving ease,
a1% decrease (meaning 1 extraanimal assisted for every 100 calv-
ings) has a direct impact on profitability. Decreased calving ease
results in higher labor costs, decreased calf survival (and fewer
animals to sell) and delayed rebreeding for the cow resulting in
younger and hence lighter calves at weaning the following year—
all of which have a direct impact on profitability. Birth weight is
an indicator of the economically relevant trait, calving ease.

The final example applies to those retaining ownership or re-
ceiving additional income by producing cattle with higher marbling
scores. A one unit increase in marbling score has a direct impact
on profitability through increased income. So what are the indi-
cators for carcass marbling score? The most utilized indicator is
percentage intramuscular fat (%IMF) as measured by ultrasound.
This measurement can be taken on both male and female breed-
ing animals at yearling age, long before any slaughter progeny are
produced and harvested. The ability to measure this trait at an early
age makes collection of ultrasound information very appealing.
However, a one percentage point increase in percent intramuscular
fat does not directly affect the profitability of the commercial pro-
ducer. The commercial producer receives additional income from
increased carcass marbling (there is a strong but imperfect relation-
ship between carcass observations and ultrasound observations—a
concept that is discussed further below), not increased %IMF in a
breeding animal. The economically relevant trait is carcass mar-
bling score and %IMF is an indicator that we only measure to add
accuracy to the EPD for marbling score.

A suggestedlist of the economically relevant traits and their indi-
cator traits is shown in Table 1. Sale weight is a unique case where
the economically relevant trait is actually one in a category of traits.
The economically relevant trait sale weight changes depending
upon the marketing system, or the age at which animals are sold.
The term “sale weight” was chosen as it represents all possible sale
endpoints and necessitates each producer choosing which trait in
the sale weight class is most appropriate. Some producers will sell
weaned calves making weaning weight the economically relevant
trait. Others might sell yearling cattle making yearling weight
the economically relevant trait. Those producing grass fed cattle
might choose 600 day weight as their economically relevant trait.
Inaddition, most cow-calf producers sell cull cows adding another
economically relevant trait, salvage cow weight, under the class
“sale weight” Again, when identifying the economically relevant
traits, the producer must identify when the animals are sold. If the
breeder sells weaned calves, yearling weight is not the economi-
cally relevant trait. Table 1 is merely a suggestion of economically
relevant traits and is in no means meant to be all inclusive. Different
environmental challenges will likely introduce other ERT.

Realize that identification of ERT also depends upon the levels
of performance within the herd. Consider two producers, one that
has a system where all heifers calve unassisted and another that
assists 75% of the heifers. Calving ease would not be considered
an economically relevant trait for the first producer—there is no
better performance than 100% unassisted calvings. The second
producer however, would consider calving ease an economically
relevant trait worthy of improvement
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There are instances where traits can be both an indicator
trait and an economically relevant trait. Cow weight is one
example. Cow-calf producers sell cull, open cows on a weight
basis and as weight of that cow increases, the value of that cow
increases—a one unit change in cow weight directly influences
income. Mature cow weight is simultaneously an indicator of
cow maintenance feed requirements. As mature size increases,
feed requirements tend to increase but a one pound increase in
mature size does not always increase maintenance requirements.
For instance, two cows weighing the same but of different body
condition likely have different maintenance requirements. Milk
is another example of a trait that could be both an indicator and
an economically relevant trait. The milk production of the cow
is directly related to the pounds of calf produced at weaning and
therefore income from the sale of weaned calves, but it is also an
indicator of cow maintenance requirements. Cows with higher
milk levels tend to have higher maintenance requirements even
when they are not lactating.

Again, by identifying the economically relevant traits, produc-
ers take the first step towards simplifying selection decisions by
reducing the number of EPD to consider and focusing on improv-
ing performance in traits directly related to profitability.

Application to Currently Available EPD

Many ask why there are EPD for indicator traits that are not
directly related to profitability. An indicator trait is measured for
two reasons. First, the trait is related to an economically relevant
trait, or put another way, the two traits are genetically correlated.
As discussed in the chapter on genetic principles, genetic cor-
relations represent the strength and direction of the relationship
between breeding values for one trait and breeding values for
another trait. From the standpoint of selection, another way to
conceptualize a genetic correlation is to ask, “when selecting for
improvement in one trait, such as weaning weight, how will other
traits change?” For example, if selection decisions are made with
the objective to increase weaning weight alone, birth weight will
increase as well, due to the positive genetic correlation between
the traits. This occurs because some of the genes that increase
weaning weight also increase birth weight. Second, indicator
traits tend to be cheap and/or easy to measure and the data may
therefore be available for the calculation of EPD.

Information on indicator traits is important because the ad-
ditional information adds accuracy to the EPD for the economi-
cally relevant traits. By increasing accuracy, the rate of genetic
improvement in the economically relevant traits increases as
should improvement in profitability.

The value of accumulating large amounts of indicator trait
data on a sire or his progeny may be limited however. Physically
measuring cow feed requirements or cow intake is nearly impos-
sible, and in situations where it is possible, the techniques are cost
prohibitive; however, cow weight, body condition score, and milk
production (through the milk EPD) are easily measured. These
three traits are indicators of maintenance feed requirements.
Given the expense associated with directly measuring cow intake,
we are limited to the use of these indicators for predicting feed
requirements. In this scenario indicator traits and in the future
DNA tests will be combined to calculate the EPD for cow main-
tenance feed requirements.
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In other situations, the economically relevant trait as well
as the indicators can be measured. Marbling score of slaughter
animals and %IMF (percentage intramuscular fat as measured
by ultrasound) in breeding animals are an example. Collection
of indicator trait data such as %IMF is important at early ages
but for the best accuracy of selection, data on the economically
relevant trait, carcass marbling score, must be collected as well.
An extreme example best illustrates this concept. Assume that
the focus of selection is to improve carcass marbling score and
assume that within the production system, or within the breed
association, no actual carcass data are collected (historically this
has often been the case). All available information is from the
ultrasonic measurement of %IMF on breeding animals. Given
that scenario, suppose a sire has been used extensively as an Al
stud and has thousands of progeny with ultrasound observations.
In this scenario if an EPD were calculated for %IMF on that sire,
the accuracy of that EPD would likely be .99+. The %IMF EPD is
for the indicator trait, however; but because there is a positive
genetic correlation between %IMF and carcass marbling score
(assume the genetic correlation is .80), the %IMF information can
be used to calculate an EPD for marbling score, the economically
relevant trait. In this scenario, where only ultrasound data are
available, the accuracy of the marbling score EPD would only be
40. To increase the accuracy of the marbling score EPD, collec-
tion of actual carcass information would be required.

The previous example dealt with a sire with many observations
from ultrasound measures, and a correspondingly high accuracy
%IMF EPD, but no carcass data from progeny. Collecting data
on %IMF is useful in early stages of a potential breeding animal’s
life as it can be collected long before offspring are born. This ad-
ditional indicator trait data increases the accuracy of selection
of young breeding animals. To attain high accuracy EPD for the
economically relevant carcass trait (in this scenario, marbling
score) collection of actual carcass data is imperative.

In situations where indicator trait data are used to calculate
EPD for the ERT in multiple- trait models and where EPD are
published for both the indicator trait and the ERT, the indicator
trait EPD should not be used to make selection decisions. In this
scenario, the indicator trait data have already contributed to the
calculation of the EPD for the ERT, and “double counting” of the
indicator trait data occurs if the indicator trait EPD is used as well
as the EPD for the ERT. For instance, if EPD for birth weight and
calving ease are available, only the EPD for calving ease should
be used for selection purposes. Typically, the calving ease EPD
is produced using birth weight and calving ease scores and the
birth weight EPD is calculated using birth weight and subsequent
growth observations. Birth weight observations have already
been used to calculate the calving ease EPD, so if the birth weight
EPD is used along with the calving ease EPD to make selection
decisions, the birth weight observations are overemphasized.

The list of economically relevant traits in Table 1 is only a
suggested list. In some production systems there may be other
economically relevant traits. For instance, in altitudes over 6000
feet, high-altitude or brisket disease reduces survivability of ge-
netically susceptible animals. At that altitude, another economi-
cally relevant trait would likely be susceptibility to brisket disease.
Other breeders may have unique production systems that might
require additional ERT.
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Final Guidelines

By focusing on the economically relevant traits, producers can
reduce the number of EPD they need to consider when making
selection decisions. Not all breed associations produce EPD for
economically relevant traits. Some associations may only produce
EPD for birth weight and not calving ease, for instance. In other
cases EPD for the economically relevant traits are still under de-
velopment (e.g. days to a finish endpoint). Realizing these current
limitations, here are some general guidelines for sifting through
all of the available performance and EPD information.

1. Identify the economically relevant traits for your production

and marketing system.

Make selection decisions based on EPD with the following

order of preference for those EPD

1. selectusing EPD for the ERT when available (EPD for indi-
cator traits should not be used to make selection decisions
when the EPD for the ERT is available)

2. select using EPD on the indicator trait when EPD for the

ERT are not available
In the rare cases where phenotypic information is available

but not EPD,

3. select from within a herd on phenotype or ratios for the

ERT
4. select on phenotype or ratios for the indicator trait

2.

When EPD are available for a trait, these are always preferable
to phenotypic measures on individual animals as they account for
an individuals, its relatives, and contemporaries’ performance.

Conclusion

The ability to distinguish between economically relevant and
indicator traits helps breeders reduce the number of EPD to con-
sider when making selection decisions. Reducing the number of
EPD upon which to make selection decisions increases the rate
of genetic progress over a program that bases selection decisions
on many more EPD. The EPD in this short list of economically
relevant traits are all directly related to profitability, resulting in a
genetic improvement objective focused on changing profitability.

Literature cited

Bourdon, R. M. 1998. Shortcomings of current genetic evaluation
systems. J. Anim. Sci. 76:2308-2323.

Brinks, J. S. 1994. Relationships of Scrotal Circumference to Pu-
bertyand Subsequent Reproductive Performancein Maleand
Female Offspring. In M. J. Fields and R. S. Sand (ed.) Factors
Affecting Calf Crop. P 189. CRC Press, Inc. Boca Raton, FL.

Field, T.G. and R E. Taylor. 2003. Beef Production and Manage-
ment Decisions. 4th Ed. Prentice Hall. Upper Saddle River,
New Jersey.

Golden, B.L.,D.J. Garrick, S. Newman, and R.M. Enns. 2000. Eco-
nomically Relevant Traits: A framework for the next generation
of EPDs. Proceedings of the 32nd Research Symposium and
Annual Meetingofthe BeefImprovement Federation. Pp.2-13.



Data Collection and Interpretation

Jennifer Minick Bormann, Kansas State University

Collection of accurate performance records is critical to
the success of genetic evaluation and selection programs.
Throughout the life cycle of abeef animal, there are several points
where data need to be recorded and reported to ensure the most
complete and accurate evaluation. In this chapter, the life cycle
of a heifer, steer, and bull is examined to determine the records
that need to be collected, how those records can be adjusted, and
how to interpret those data. First, it isimportant to discuss several
concepts to consider when collecting and interpreting data.
Contemporary Grouping

Before beginning data collection, it is important to have a
good understanding of proper contemporary grouping. The
environment that a calf is exposed to can have a large effect on
how well it performs for all of the economically important traits.
By using contemporary grouping, we are better able to separate
genetic and environmental effects. A contemporary group for a
traditional, within-breed genetic evaluation, is defined as a set of
same-sex, same-breed calves that were born within a relatively
short time interval, and have been managed the same ever since.
In multiple-breed genetic evaluation, calves in the same contem-
porary group can have different breed makeup. Regardless of what
type of evaluation, every calf in the contemporary group should
receive an equal opportunity to express its genetic merit. Once
an animal has been separated from his contemporaries, he can
never be put into that group again.

For example, a producer may decide to select one particular
bull calf to put into a fall or winter sale. He pulls that calf and his
mother into a separate pen, where they have access to shelter and
the calf gets creep feed. When weaning weights are collected on
the group of bull calves, the selected calf has the highest weight.
The problem is that we don't know if that calf was genetically
superior for weaning weight, or if his extra growth was due to the
feed and shelter. This is an extreme example, but anything that
is different in the environment or management between groups
of calves may give some of them an unfair advantage and make
comparisons impossible. Improper contemporary grouping can
lead to biased and inaccurate EPDs.

Adjusting Records

Calf age and cow age are two environment factors that are
not accounted for by contemporary grouping. These effects are
predictable from year to year and herd to herd, so the records
can be adjusted to account for that variation. For example, all
calves in the herd should not be weaned and weighed when they
are exactly 205 days of age. It's important to keep contemporary
groups as large as possible. If a producer weighed each calf indi-
vidually when it was exactly 205 days of age, each calf would be
in its own contemporary group. Single-animal contemporary
groups are worthless as far as genetic evaluation goes. However,
when all calves are weighed on the same day (when the average

21

of the group is close to 205 days old), the younger calves will
be at a disadvantage compared to the older calves. To get a fair
comparison, the raw weights of calves weighed on the same
day will be adjusted to the same age of 205 days. Basically, the
adjustment figures out how much each calf is gaining per day
and predicts what they will weigh (or did weigh) when they are
(or were) exactly 205 days old.

The second type of adjustment is for age of dam. First-calf
heifers have calves that are lighter at birth than calves from older
cows, and they also produce less milk throughout lactation than
older cows, leading to lower weaning weights. These are not ge-
netic factors of the calf, and should not be attributed to the calf’s
performance.

Beef Improvement Federation (BIF, 2002) publi