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ABSTRACT 

 
 

The objective of this study was to characterize genetic relationships between growth and 

carcass traits measured in commercial feedlot and purebred cattle that would aid in determining 

the effectiveness of combined crossbred and purebred selection (CCPS) strategies for sire 

selection.  Data included 2,183 steers and 418 heifers enrolled in the Tri-County Steer Carcass 

Futurity (TC).  Feedlot traits evaluated were initial body weight at time of delivery (IBW) and 

final BW at time of harvest (FBW) and carcass backfat thickness at the 12th rib (CFAT), 

marbling score at the 12th rib (CMAR) and ribeye area at the12th rib (CREA).   Purebred data 

from the American Angus Association (AAA) included records of 139,602 bulls, 130,944 heifers 

and 6,656 steers for weaning weight (WW); 85,702 bulls, 76,603 heifers and 1,908 steers for 

yearling weight (YW); and 62,752 bulls and 45,958 heifers for ultrasound measures of backfat 

thickness at the 12th rib (UFAT), intramuscular fat percentage at the 12th rib (UMAR) and ribeye 

area at the 12th rib (UREA).  The genetic correlations between IBW and WW, FBW and YW, 

CFAT and UFAT, CMAR and UMAR, and CREA and UREA were 0.01 ± 0.21, 0.43 ± 0.22, 

0.66 ± 0.19, 0.65 ± 0.17, and 0.92 ± 0.12, respectively.  Regressions of TC traits on 

corresponding sire EPD resulted in coefficients of 0.23 ± 0.19, 0.57 ± 0.16, 0.67 ± 0.19, 93.3 ± 

12.3, and 1.08 ± 0.17 for IBW, FBW, CFAT, CMAR, and CREA, respectively.  Three selection 

indices were evaluated on the basis of relative efficiency of genetic progress toward TC goal 

traits.  The index including AAA records on an individual sire with TC records on his progeny 

was most effective, thus indicating the benefit of CCPS.
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GENERAL INTRODUCTION 
 

Genetic evaluation of beef cattle sires allows selection decisions to be made among bulls 

whose progeny may be grown in both on-farm seedstock and feedlot environments.  

Understanding the effect of sire selection on progeny performance in separate production 

circumstances, for a variety of traits, can aid in making selection decisions that coincide with 

economically relevant breeding goals.  Beef cattle performance records tend to be collected on 

purebred cattle since they usually experience higher levels of individual animal performance 

recording and breed associations can process collected records to generate herd summaries and 

genetic evaluations for producers.  Unfortunately, the same attention to record keeping does not 

usually occur in commercial cattle settings where labor and time can be limiting factors.  For 

those obstacles to be overcome, commercial cattle producers need to find a benefit that offsets 

the costs involved with collecting individual animal phenotypes.   

 Combined crossbred-purebred selection (CCPS) involves using information from both 

crossbred and purebred animals when making selection decisions.  Therefore, CCPS may be one 

tool that utilizes both traditional purebred performance records along with commercial or 

crossbred cattle records, to permit larger selection gains than those that would be possible using 

either information source alone.  Genetic improvement of traits that positively enhance consumer 

perception of beef should be, but has not always, been the goal of cattle producers.  In many 

situations these terminal characteristics are not measured in purebred cattle directly.  As such, 

there is little information on actual feedlot gain or carcass measurements to base sire selection 

decisions.  The advantage of CCPS would be to incorporate those terminal records into 

evaluation decisions within purebred sires.  For this to be possible, an understanding of the 

heritabilities and genetic correlations among traits within separate production systems is 
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necessary.  Furthermore, the genetic correlations between alternative measures of performance in 

distinct environments for the same trait are necessary to implement CCPS.   

 The first objective of this study was to obtain estimates of heritability for feedlot growth 

and carcass traits, and the genetic correlations between them for a sample of commercial Angus-

sired cattle from the Tri-County Steer Carcass Futurity program.  The second objective was to 

obtain estimates of heritability for purebred growth and ultrasound traits, and the genetic 

correlations between them for a sample of purebred Angus cattle from the American Angus 

Association.  The final objective was to evaluate the need for CCPS, genetic correlations 

between feedlot and purebred on-farm measurements were obtained.  The hypothesis was that 

strong genetic correlations between measures of the same trait in unique environments would 

limit the need for CCPS, since selection decisions for a trait in one environment are intimately 

related to changes in performance for the other environment.  Alternatively, low genetic 

correlations would suggest that CCPS is useful.  Finally, this study aimed to describe other tools 

that might be used to evaluate CCPS.  The regression of feedlot animal performance on EPD of 

their purebred sires may indicate the association of records for the same trait measured in 

different environments.  Regression coefficients near one would indicate that sire selection in 

purebreds is predictive of progeny performance in a commercial feedlot setting, therefore 

avoiding the need for CCPS.  Alternatively, regression coefficients closer to zero would support 

the use of CCPS, since selection on sire EPD does not result in consistently strong changes for 

feedlot traits in their offspring.   Another tool to evaluate and implement CCPS would be a set of 

selection indexes that would combine purebred sire performance records with commercial 

feedlot records of their progeny to make sire selection decisions among Angus bulls.
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CHAPTER 1: LITERATURE REVIEW 
 
 
 
 

General Introduction 
 
 Beef cattle production is undergoing major changes caused by diminishing profit margins 

from increased input costs and relatively static beef and commodity prices.  To resolve this 

challenge, producers and researchers alike have been challenged to develop innovative 

management practices, which include genetic improvement.  Collecting performance records and 

maintaining pedigrees has typically been undertaken within purebred populations of cattle.  

These practices have allowed breed associations or universities to provide BLUP estimated 

breeding values that aid in selection.  Purebred performance recording has served the cattle 

business very well.  However, there are vast numbers of crossbred and commercial cattle 

phenotypes that are currently being ignored within national cattle evaluation.  If records were 

available from crossbred and commercial cattle for an array of economically relevant traits, the 

amount of data available to make genetic selection decisions would be greatly improved.  One 

challenge of garnering such records is to ascertain the benefit provided to producers needed to 

offset increased labor and recording costs.  The more objective question is: how can commercial 

cattle records enhance our evaluation of purebred seedstock animals? 

 Initially, this review intends to portray the importance and influence that selection of 

sires, and their subsequent mating, on beef cattle operations. The methods of evaluation and tools 

to increase the influence of a sire will be detailed.  Secondly, traits that are economically relevant 

and pertinent to most production systems, along with their associated method of measurement 

are considered.  Next, to understand the ability to make genetic improvement and the relationship 

among traits, a summary of heritabilities and genetic correlations has been undertaken.  When 
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producing terminal cattle there are several end-point definitions including age, weight and 

carcass characteristics.  Strategies to adjust records to specific end-points that fairly compare 

animals at certain targets will be analyzed.  Finally, the potential benefit and challenges 

associated with collecting performance records for genetic evaluation in commercial or crossbred 

herds will be discussed.  Heritabilities of traits in separate production environments, along with 

the genetic correlations for the same traits measured in different production environments, will 

be reviewed.  The role of molecular genetic technology as a caveat to more intensive livestock 

management and record keeping will conclude the discussion. 

 
 
 
Sire Selection 

Introduction 

 Sire selection is the most important decision that a producer can make with regard to the 

genetic construct of a herd.  Not only do sires affect a much greater number of offspring than is 

possible for dams, but more importantly, true impact of a sire will only be discovered over time 

when their daughters produce grand-progeny.  Fortunately, much of the challenge in making 

such long-term, influential breeding decisions has been diminished with the discovery of genetic 

selection tools such as EPD.  The impact of successful sires has also been increased through the 

implementation of AI.  

 

Industry Impact  

Sire selection is a principal component of any beef cattle improvement program.  The 

genetic challenge for beef producers is to select sires that, when mated to the cow herd, produce 

superior progeny (Willham, 1979).  The structure of the beef cattle industry is often described as 
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a pyramid (Bourdon, 2000).  Elite seedstock producers occupy the peak of that pyramid, 

followed by multiplier herds, and then end users in the form of commercial herds or consumers.  

Elite breeder decision-making hinges on economic returns from satisfied customers (Harris and 

Newman, 1994).  The ability of seedstock producers to sell their entire genetic improvement 

program, rather than individual cattle, will ensure they stay in business (Middleton and Gibb, 

1991).  

The continued genetic progress across breeds has allowed commercial producers to profit 

from hybrid vigor by utilizing crosses of breeds with desirable traits.  Heterosis utilization by 

commercial producers has caused seedstock breeders to become well-coordinated in moving 

genetic improvement to commercial cattle populations (Harris and Newman, 1994).  British, 

Continental and Zebu breeds provide a large array of germ-plasm for use in commercial 

crossbreeding systems.  Development of systematic crossbreeding programs requires selection 

within purebred lines to focus on making that breed most relevant for use in crossbreeding 

systems (Willham, 1982).  The type of crossbreeding method used directs sire selection.  

Rotational crossing systems allow generations of females to be mated to sires whose breed 

composition is most different from their own.  Terminal crossing systems utilize breed 

complimentarity by mating terminal-breed sires to maternal-breed females for the production of 

progeny that are especially desirable from a market standpoint.  Industry favors rotational 

systems that facilitate production of replacement females, suggesting that pure breeds should 

focus on overall genetic merit rather than solely on market or maternal traits (Willham, 1979).  

Proper sire selection ensures that correct genotypes are available for use by commercial breeders, 

therefore satisfying consumer demand for quality beef products.    
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Selection programs focused on ‘optimizing’ economic returns from value-based 

marketing and product differentiation has followed the era of performance driven selection 

(Harris, 1998).  In the past, the primary determinant of income for cattle producers was sale price 

per pound of live weight.  Beef quality, composition, and yield now prevail in selection 

decisions, based on acceptance of grid-based marketing.  Producers now focus more attention on 

carcass attributes, which determine grid premiums or discounts.  Consumer preference from the 

retail sector flows through the production chain back to the seedstock producer, driving a 

renewed interest in end-product evaluation (Middleton and Gibb, 1991).   

Effective sire production and utilization also depends on well-designed selection 

programs.  Program design is greatly influenced by mating ratios, reproductive rates for each 

sex, which traits are recorded, when traits are measured, and how selection occurs (Harris et al., 

1994).  Successful selection programs include identifying: 1) traits of importance, 2) their 

relative emphasis in the breeding goal, and 3) technology and information that can be utilized in 

identifying animals that are superior in such traits (Garrick et al., 2008).  Building versatility into 

sire selection programs is critical since the priorities of consumers and commercial cattlemen 

change.  Shifts in cattle frame, maturity and carcass composition in the mid to late 1900’s are 

examples.  Currently, the high cost of feed grain is encouraging a shift to moderate framed, more 

efficient cattle with lower input costs.  Genetic change toward today’s optimum animal is 

important, but a breed’s ability to correspondingly adapt to economic signals is also vital.  

Genetic variability is the mechanism which allows selection for new breeding values, as defined 

by a breeding objective, that meet goals set forth by cattle producers (Willham, 1979).  The 

direction of selection programs within a breed can be altered through AI, however preserving 
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population variability will require some producers to remain in relative isolation, especially if 

selection is focused on a small number of AI sires (Willham, 1979). 

 

Evaluation 

Sire evaluations provide breeders with information about potentially superior lines 

outside their own herd, while also tying records within herds together (Allen, 1979).  Their 

design determines their effectiveness.  Progeny tests are considerably more accurate than 

performance tests on individual animals (Harris and Newman, 1994).  Therefore, the principal 

means of evaluating sires lies in recording performance records on their offspring.  Objective 

data for use by breeders first arose from structured gain tests of state beef cattle improvement 

associations (Golden et al., 2008).  Performance Registry International, the U.S. Meat Animal 

Research Center and the Beef Improvement Federation have proven vital for data recording, beef 

genetic research and establishing guidelines for beef improvement (Golden et al., 2008).  Red 

Angus was the first breed to implement mandatory submission of performance as a requirement 

for registration, creating a recording program other breeds would follow (Golden et al., 2008).  

Formal sire evaluation can take two forms: designed and non-designed programs.  

Designed programs include random mating of specific reference sires, from the breed of interest, 

to groups of genetically similar cows.  Large numbers of progeny from specifically assigned 

reference sires are managed together in large contemporary groups to remove the environmental 

influences that might impact phenotypes for various traits.  With the environmental component 

of the phenotypic variance removed, the genetic contribution of individual sires can be 

determined by the ranking of their progeny groups for the traits of interest.  However, in some 



 

8 
 

cases of designed programs, there can be challenges in recording a large number of traits and 

mimicking the environments that many animals will face (Bourdon, 2000).   

Non-designed programs utilize large amounts of field data and compare widely used sires 

(Allen, 1979).  Such records can be reported on a host of traits by producers across the country 

and internationally.  The analysis of such field data is made possible with the maintenance of 

pedigree relationships among animals within a breed or population of cattle.  Contemporary 

groups are also established to categorize the animals that have experienced the same production 

setting since birth, therefore removing the environmental differences between animals at the 

same location.  Combining the genetic linkages across herds, provided by pedigrees, and the 

removal of environmental bias, provided by contemporary groups, then allows fair comparisons 

of the genetic merit of spatially and genetically distant animals.   

The ability to combine contemporary groups and pedigree information to estimate 

breeding values for animals was addressed by the development of mixed model procedures used 

to generate BLUP (Golden et al., 2008).  Estimates of breeding value are developed by 

partitioning phenotypic measurements into genetic and environmental effects through the fit of a 

descriptive model (Garrick et al., 2008).  Bourdon (2000) lists the models that can be included in 

BLUP estimates as sire models, sire-maternal grandsire models and animal models.  Each model 

takes into consideration different relationships between animals with records and their relatives 

in a population.  BLUP evaluations require input values of variances, covariances and 

correlations within or among traits, which are computed with alternative software.  These 

descriptive statistics can be estimated for phenotypic, environmental and genetic factors.  The 

strength of BLUP estimates described by Bourdon (2000) is the ability to account for genetic 

trend, nonrandom mating, culling for poor performance and maternal genetic effects.  The aim of 
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BLUP is to estimate the genetic component or breeding value of the animal, which proves crucial 

in deciding who contributes genes to the population as a parent.   

The collection, processing and publishing of results from both types of programs is 

costly.  As such breeders and associations expect to profit from these efforts (Harris and 

Newman, 1994).  Industry has deemed this expense acceptable with regard to the potential for 

accelerating genetic improvement.  Over time, non-designed programs have become 

predominant since they allow testing of more sires with much higher progeny numbers from field 

records.  

The proliferation of EPD has complicated producer decisions through an overload of 

information to synthesize before making mating decisions (Harris, 1998).  The utilization of 

selection indexes originally proposed by Hazel (1943) to simplify the breeding objectives of 

producers is effective in swine; that success, however, has not translated to cattle (Harris, 1998).  

Breed associations and extension agents generate information for educating producers about the 

advantages of such selection methods.  Perhaps adoption of these techniques will be motivated 

when income from breeding stock sales is proportional to genetic improvement benefits realized 

by their customers (Harris et al., 1994).  Breed associations are currently making economically 

relevant selection index’s available to cattle producers. 

Computing national cattle evaluations illustrates the substantial progress in the 

approaches used for sire comparison that originated with judging of livestock shows.  Advances 

in reproductive technology, molecular genetics and computational methods promise to direct 

successful future sire selection. 

 

Reproductive Technologies 
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The use of artificial insemination (AI) has greatly altered the genetic structure of beef 

breeds by enhancing genetic connections between herds.  Embryo transfer (ET) has allowed 

successful female genetics to be multiplied more quickly, however at a lower rate than AI.  

Development of sexed-semen and its potential effect on dairy cattle production is documented, 

although its impact on beef cattle is unclear (De Vries et al., 2008).   One impact of sexed semen 

in dairy operations is to skew the ratio of birth sex in favor of females to produce a larger 

number of replacement females in a business which struggles in this regard.  The larger number 

of females will also aid in increasing selection intensity.  

 

Traits of Interest 

Introduction 

Traditionally, performance measurements for weight traits such as weaning and yearling 

growth have been important in selection due to the income that is derived from superior 

phenotypes for such traits.  However, value-based marketing has created additional economic 

incentives to improve carcass merit along with growth.  Genetic evaluation of carcass merit 

presents challenges since direct measurement requires that animals are harvested.  In seedstock 

herds, Garrick et al. (2008) notes harvested animals are likely those unsuitable for breeding and 

therefore do not offer a representative sample of progeny.   Accordingly, Garrick et al. (2008) 

points out that genetic evaluation of carcass traits depends on measuring the larger number of 

animals harvested in commercial herds.  This becomes troublesome in large commercial herds 

with multiple-sire pastures where parentage cannot be identified, therefore limiting usefulness of 

such data in sire evaluations.  Industry has accepted ultrasound prediction of carcass traits as 

moderately to strongly correlated indicator of the true carcass merit of an individual.  Although 
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imperfect, the genetic relationship between ultrasound and carcass measures has been 

implemented in genetic evaluations to capitalize on the superior number of observations that a 

non-terminal and non-invasive procedure such as ultrasound provides.  Genetic correlations 

between carcass and ultrasound measures of the same and different traits will be detailed. 

 With the aim of improving growth performance and carcass merit, it is important to 

understand how and which traits should be measured.  A description of the important growth and 

carcass traits deemed worthwhile to evaluate in beef cattle follows. 

 

Weaning Weight 

Weaning weight is important to producers who sell their calves straight from the cow to 

an auction barn on a per pound basis.  Adjusted 205-day weaning weight is computed using the 

following formula (BIF, 2003): 

Adj. 205-Day Wean BW = Wean BW – Birth BW  X 205 + Birth BW + Age-of-Dam Adj. 

                                                  Weaning Age 

 

Yearling Weight 

Yearling weight is crucial to merchandising bulls or moving cattle through the feedlot, 

either by selling or retaining ownership.  Adjusted 365-day yearling weight is computed using 

the following formula (BIF, 2003): 

Adj. 365-Day Yrlg. BW =   Final BW – Weaning BW  X 160 + 205-Day Adj. Weaning BW 

                                             No. of Days Between Wts. 

 

Fat Thickness (Carcass and Ultrasonic) 
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Adjusted fat thickness serves to estimate external fat, which most importantly determines 

retail yield.  Measures of fat thickness are important to make sure carcasses are correctly 

preserved in the cooler, while preventing inefficiency of feedstuffs in making animals over-

conditioned.   It is measured in inches at the 12th rib, perpendicular to the outside fat at a point 

three-fourths of the length of the ribeye muscle from the backbone (BIF, 2003).  In the United 

States, average fat thickness, analyzed across breeds of slaughter cattle, is 1.3 cm (Garcia et al., 

2008). 

 

Ribeye Area (Carcass and Ultrasonic) 

Ribeye area serves as an indicator of muscling.  Genetic selection for ribeye area is 

important in merchandising bulls that will sire animals in which retail product and cutability is 

economically beneficial.  The longissimus or ribeye muscle is measured in square inches at the 

12th rib using a grid trace or ultrasound imaging (BIF, 2003).   Average ribeye area in United 

States, analyzed across breeds, of finished cattle is 86.4 cm2 (Garcia et al., 2008). 

 

Maturity  

An estimation of physiological age of the carcass is determined by evaluating the size, 

shape, and ossification of the bones and cartilage and the color and texture of the lean.  There are 

five degrees of maturity-A, B, C, D, and E.  The age classification and numerical scores for two 

degrees of maturity are:  A maturity- 9 to 30 months and 1.0 to 1.9; B maturity- 30 to 42 months 

and 2.0 to 2.9 (BIF, 2003).  

 

Marbling Score (Carcass and Ultrasonic) 
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Flecks of fat in the lean are the primary indicator of quality grade after maturity has been 

determined.  Marbling is scored via visual evaluation of the ribeye muscle, which is exposed 

between the 12th and 13th ribs.  Marbling is taken to be an indicator of meat palatability and 

therefore has consumer ramifications.  The importance of superior quality grades is also 

important in marketing of cattle on grid systems, especially when the price spread in grades is 

apparent.  The degrees of marbling, and their corresponding numerical scores, are: Abundant-

10.0 to 10.9, Moderately Abundant- 9.0 to 9.9, Slightly Abundant-8.0 to 8.9, Moderate-7.0 to 

7.9, Modest- 6.0 to 6.9, Small- 5.0 to 5.9, Slight- 4.0 to 4.9, Traces-3.0 to 3.9 and Practically 

Devoid- 2.0 to 2.9.  The relationship between degree of marbling and percentage intramuscular 

fat, both indicating perceived carcass quality, is scored as: Slightly Abundant- 10.13, Moderate- 

7.25, Modest- 6.72, Small- 5.04, Slight- 3.83 and Traces- 2.76 (BIF, 2003). 

 

USDA Quality Grade 

Quality refers to the overall appearance and palatability of the edible beef portion of the 

carcass.  USDA Quality Grades for young beef (A and B maturity) - Prime, Choice, Select, and 

Standard-are recommended as the basis for quality evaluation.  Grades are determined by visual 

evaluation of maturity, marbling, color, firmness and texture of lean.  Prime corresponds to 

Abundant, Moderately Abundant and Slightly Abundant degrees of marbling.  Choice 

corresponds to Moderate, Modest and Small degrees of marbling.  Select corresponds with Slight 

marbling degree.  Standard corresponds with Traces and Practically Devoid degrees of marbling 

(USDA, 1997). 

 

USDA Yield Grade 
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Yield grade is expressed in whole numbers from one to five or in tenths of a grade.  Mean 

yield grade in the United States is 2.9 (Garcia et al., 2008).  Yield grades are calculated by the 

formula (BIF, 2003): 

Yield Grade = 2.50 + (2.5 X Adj. fat thickness, inch) 

                                + (0.2 X Kidney, pelvic, and heart fat, %) 

                                + (0.0038 X Hot carcass wt., lb) 

-  (0.32 X Ribeye area, inch2) 

 

Genetic Parameters 

 The ability to make progress through genetic selection for traits pertinent to profitability 

hinges on what proportion of the phenotypic variance can be transmitted from parent to progeny 

as described by heritability.  A higher ratio allows a larger proportion of genetic variation to be 

expressed, therefore aiding selection for a trait.  Furthermore, the genetic relationships or 

correlations among traits become crucial when selection goals are formalized to alter several 

traits.  With strong genetic correlations, changes in one trait are anticipated to cause 

simultaneous movements in other traits, which may or may not be desirable.  In cases of low 

genetic correlation, selection for one trait may have little effect on other traits.  An understanding 

of both heritabilities and genetic correlations is valuable when considering the traits that you aim 

to change through selection. 

 

Heritability 

Heritability is a measure of the strength of the relationship between breeding values and 

phenotypic values for a particular trait in a population (Bourdon, 2000).  The magnitude of the 
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heritability gauges how quickly and accurately genetic progress can be made.  Since animals are 

preferably selected based on genetic merit, a higher heritability, or larger proportion of additive 

genetic variation relative to phenotypic variation, is more favorable for making progress for traits 

in a breeding goal.  When genetic evaluations use the animal model, heritability is simply the 

additive genetic variance divided by the phenotypic variance. However, this calculation is 

modified using a sire model since the genetics of the animal’s dam are not considered.  In the 

sire model, heritability of a trait is a function of 4 times the estimated sire component of variance 

divided by the sum of estimated sire component of variance and estimated residual component of 

variance (McLaren et al., 1985).  

Koots et al. (1994a), Koots et al. (1994b) and Bertrand et al. (2001) did comprehensive 

reviews of parameter estimates in beef cattle.  Heritabilities, and laterally genetic correlations, 

encompassed by those reviews, and more recently published estimates, are next summarized.  

 

Weaning Weight 

Direct additive heritability of weaning BW in cattle is summarized in Table 1.1.  The 

range of estimates was from 0.09 (Arnold et al., 1991) to 0.53 (Kaps et al., 2003), with an 

average of 0.24 and median of 0.19. 

 

Maternal Weaning Weight 

Estimates of heritability for the maternal component of weaning weight are listed in 

Table 1.1  Heritability estimates varied from 0.08 ± 0.05 (Brandt et al., 2010) to 0.19 ± 0.02 

(Splan et al., 2002), with an average of 0.14 and median of 0.15. 

 

Yearling Weight 
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Direct additive heritability of yearling BW in cattle is summarized in Table 1.1.  The 

range of estimates was from 0.14 (Arnold et al., 1991) to 0.49 ± 0.05 (Knight et al., 1984), with 

an average of 0.34 and median of 0.35.   

 

Carcass Backfat Thickness 

Direct additive heritability of carcass backfat thickness in cattle is summarized in Table 

1.2.  The range of estimates was from 0.24 ± 0.14 (Lamb et al., 1990) to 0.63 (Riley et al., 2002), 

with an average of 0.39 and median of 0.36.   

 

Carcass Marbling Score 

Direct additive heritability of carcass marbling score in cattle is summarized in Table 1.2.  

The range of estimate was from 0.23 (Woodward et al., 1992) to 0.88 ± 0.21 (Pariacote et al., 

1998), with an average of 0.44 and median of 0.41.   

 

Carcass Ribeye Area 

Direct additive heritability of carcass ribeye area in cattle is summarized in Table 1.2.  

The range of estimates was from 0.22 ± 0.08 (Gregory et al., 1995) to 0.97 ± 0.21 (Pariacote et 

al., 1998), with an average of 0.47 and median of 0.46.   

 

Ultrasound Backfat Thickness 

Direct additive heritability of ultrasound backfat thickness in cattle is summarized in 

Table 1.3.  The range of estimates was from 0.09 (Reverter et al., 2000) to 0.69 ± 0.10 (Crews et 

al., 2003), with an average of 0.37 and median of 0.39. 
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Ultrasound Marbling Score 

Direct additive heritability of ultrasound marbling score in cattle is summarized in Table 

1.3.  The range of estimates was from 0.16 (Stelzleni et al., 2002) to 0.52 ± 0.09 (Crews et al., 

2003), with an average of 0.34 and median of 0.28. 

 

Ultrasound Ribeye Area 

Direct additive heritability of ultrasound ribeye area in cattle is summarized in Table 1.3.  

The range of estimates was from 0.11 (Shepard et al., 1996) to 0.51 ± 0.09 (Crews et al., 2003), 

with an average of 0.35 and median of 0.37. 

 

Heritabilities of direct weaning weight (Table 1.1) tend to be moderate, while the 

maternal component of weaning weight appears lowly heritable.  Yearling weight is on the upper 

boundary of lowly heritable with a higher value than weaning weight.   

Carcass and ultrasound measures of backfat thickness (Table 1.2 and 1.3) are very similar 

and reside on the upper boundary of moderately heritable.  Carcass measured marbling score 

number shows high heritability, while ultrasound measures of intramuscular fat percentage are 

lower and moderate in heritability.  Similarly, true carcass ribeye area is highly heritable, while 

its alternative measure with ultrasound is moderately heritable.  Generally, selection can be 

expected to alter carcass merit more quickly than weight traits.  Moreover, heritabilities of 

carcass measures can be summarized as equal to or larger in value than corresponding traits 

collected with ultrasound. 
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Genetic Correlations 

 Genetic correlations measure the strength and direction of the relationship between 

breeding values for one trait and breeding values for another trait (Bourdon, 2000).  Genetic 

correlations are crucial to clearly understanding how selection decisions for one trait may alter 

progress of other important traits.  Moreover, genetic correlations are important in relating 

different measurements of the same trait, as in the case with ultrasound and direct carcass 

measures of fat and muscle.  In such instances, the two measurements are treated as separate yet 

genetically correlated traits. 

  

Weaning Weight and Yearling Weight 

Genetic correlations between weaning and yearling BW are summarized in Table 1.4.  

The estimates range from 0.06 (Arnold et al., 1991) to 0.91 (Kaps et al., 2000), with an average 

of 0.74 and median of 0.82.  

 

Weaning Weight and Carcass Backfat Thickness 

 Genetic correlations between weaning BW and carcass backfat thickness are summarized 

in Table 1.4.  The estimates range from -0.28 (Arnold et al., 1991) to 0.26 (Splan et al., 2000), 

with an average of 0.07 and median of 0.14. 

 

Weaning Weight and Ultrasound Backfat Thickness 

Genetic correlations between weaning BW and ultrasound backfat thickness are 

summarized in Table 1.4.  The estimates range from -0.17 (Johnson et al., 1993) to 0.19 (Shepard 

et al., 1996), with an average and median of 0.01.   
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Weaning Weight and Carcass Marbling Score 

 Genetic correlations between weaning BW and carcass marbling score are summarized in 

Table 1.4.  The estimates range from -0.12 ± 0.17 (Gregory et al., 1995) to 0.81 ± 0.55 (Veseth et 

al., 1993), with an average of 0.28 and median of 0.14. 

 

Weaning Weight and Carcass Ribeye Area 

Genetic correlations between weaning BW and carcass marbling score are summarized in 

Table 1.4.  The estimates range from 0.29 (Splan et al., 2002) to 0.72 ± 0.38 (Veseth et al., 

1993), with an average of 0.45 and median of 0.43. 

 

Weaning Weight and Ultrasound Ribeye Area 

Genetic correlations between weaning BW and ultrasound ribeye area are summarized in 

Table 1.4.  The estimates range from 0.29 (Johnson et al., 1993) to 0.42 (Shepard et al., 1996), 

with an average and median of 0.36.   

  

Yearling Weight and Carcass Backfat Thickness 

Genetic correlations between yearling BW and carcass backfat thickness are summarized 

in Table 1.5.  The estimates range from -0.13 (Arnold et al., 1991) to -0.19 ± 0.15 (Moser et al., 

1998), with an average and median of -0.16. 

 

Yearling Weight and Ultrasound Backfat Thickness 
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Genetic correlations between yearling BW and ultrasound backfat thickness are 

summarized in Table 1.5.  The estimates range from -0.53 (Johnson et al., 1993) to 0.11 ± 0.12 

(Moser et al., 1998), with an average and median of -0.21.   

 

Yearling Weight and Carcass Marbling Score 

 Genetic correlation between yearling BW and carcass marbling score is summarized in 

Table 1.5.  The lone estimate of 0.20 was reported by Arnold et al. (1991).  

 

Yearling Weight and Carcass Ribeye Area 

Genetic correlations between yearling BW and carcass ribeye area are summarized in 

Table 1.5.  The estimates range from -0.06 (Arnold et al., 1991) to 0.60 ± 0.12 (Moser et al., 

1998), with an average and median of 0.27. 

 

Yearling Weight and Ultrasound Ribeye Area 

Genetic correlations between yearling BW and ultrasound ribeye area are summarized in 

Table 1.5.  The estimates range from 0.38 (Johnson et al., 1993) to 0.49 ± 0.07 (Moser et al., 

1998), with an average and median of 0.44 

 

Carcass and Ultrasound Backfat Thicknesses 

Genetic correlations between carcass and ultrasound backfat thickness are summarized in 

Table 1.6.  The estimates range from -0.69 ± 0.18 (Moser et al., 1998) to 0.88 (Devitt et al., 

2001), with an average of 0.81 and median of 0.82.   
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Carcass Backfat Thickness and Marbling Score 

Genetic correlations between carcass backfat thickness and marbling score are 

summarized in Table 1.6.  The estimates range from -0.13 (Wilson et al., 1993) to 0.56 (Riley et 

al., 2002), with an average of 0.21 and median of 0.24.   

 

Carcass Backfat Thickness and Ultrasound Intramuscular Fat Percentage 

Genetic correlations between carcass backfat thickness and marbling score are 

summarized in Table 1.6.  The estimates range from -0.25 ± 0.24 (Reverter et al., 2000) to 0.42 ± 

0.21 (Reverter et al., 2000), with an average of 0.15 and median of 0.21. 

 

Carcass Backfat Thickness and Ribeye Area 

 Genetic correlations between carcass backfat thickness and ribeye area are summarized in 

Table 1.6.  The estimates range from -0.44 ± 0.18 (Koch et al., 1982) to 0.28 (Reverter et al., 

2000), with an average of -0.13 and median of -0.08.   

 

Carcass Backfat Thickness and Ultrasound Ribeye Area 

 Genetic correlations between carcass backfat thickness and ultrasound ribeye area are 

summarized in Table 1.6.  The estimates range from -0.21 ± 0.15 (Reverter et al., 2000) to 0.15 

(Kemp et al., 2002), with an average of 0.01 and median of 0.09. 

 

Ultrasound Backfat Thickness and Carcass Marbling Score 
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Genetic correlations between ultrasound backfat thickness and carcass marbling score are 

summarized in Table 1.7.  The estimates range from 0.30 ± 0.16 (Reverter et al., 2000) to 0.61 ± 

0.32 reported by Reverter et al. (2000), with an average of 0.48 and median of 0.50. 

 

Ultrasound Backfat Thickness and Marbling Score 

Genetic correlations between ultrasound backfat thickness and marbling score are 

summarized in Table 1.7.  The estimates range from -0.31 (Reverter et al., 2000) to 0.57 

(Reverter et al., 2000), with an average of 0.26 and median of 0.36.   

 

Ultrasound Backfat Thickness and Carcass Ribeye Area 

Genetic correlations between ultrasound backfat thickness and carcass ribeye area are 

summarized in Table 1.7.  The estimates range from -0.62 ± 0.19 (Reverter et al., 2000) to 0.47 

(Reverter et al., 2000), with an average of -0.06 and median of -0.07. 

 

Ultrasound Backfat Thickness and Ribeye Area 

Genetic correlations between ultrasound backfat thickness and ribeye area are 

summarized in Table 1.7.  The estimates range from -0.29 (Reverter et al., 2000) to 0.48 (Arnold 

et al., 1991), with an average of 0.06 and median of 0.07.   

 

Carcass Marbling and Ultrasound Intramuscular Fat Percentage 

Genetic correlations between carcass and ultrasound marbling score are summarized in 

Table 1.8.  The estimates range from -0.28 ± 0.27 (Reverter et al., 2000) to 0.90 (Kemp et al., 

2002), with an average of 0.65 and median of 0.72.   
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Ultrasound Marbling Score and Ribeye Area 

Genetic correlations between ultrasound ribeye area and marbling score are summarized 

in Table 1.8.  The estimates range from -0.35 (Reverter et al., 2000) to 0.16 (Kemp et al., 2002), 

with an average of -0.12 and median of -0.25.   

 

Ultrasound Marbling Score and Carcass Ribeye Area 

 Genetic correlations between ultrasound marbling score and carcass ribeye area are 

summarized in Table 1.8.  The estimates range from -0.90 (Reverter et al., 2000) to 0.23 

(Reverter et al., 2000), with an average of -0.27 and median of -0.21. 

 

Carcass Marbling Score and Ribeye Area 

Genetic correlations between carcass ribeye area and marbling score are summarized in 

Table 1.9.  The estimates range from -0.61 ± 0.09 (Devitt et al., 2001) to 0.57 ± 0.24 (Lamb et 

al., 1990), with an average of -0.03 and median of -0.10.   

 

Carcass Marbling Score and Ultrasound Ribeye Area 

 Genetic correlations between carcass marbling score and ultrasound ribeye area are 

summarized in Table 1.9.  The estimates range from -0.67 ± 0.03 (Reverter et al., 2000) to 0.30 

(Kemp et al., 2002), with an average of -0.16 and median of -0.13. 

 

Carcass and Ultrasound Ribeye Area 
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Genetic correlations between carcass and ultrasound ribeye area are summarized in Table 

1.9.  The estimates range from 0.17 ± 0.28 (Smith et al., 2007) to 0.94 ± 0.07 (Reverter et al., 

2000), with an average of 0.59 and median of 0.66.   

  

Genetic correlations between weaning and yearling weight (Table 1.4) tend to be strongly 

positive suggesting a set of genes may have pleiotropic effects on those traits.  Selection for 

weaning weight would appear independent of changes in carcass or ultrasound backfat thickness.  

However, increased weaning weight has a moderately strong relationship with increased carcass 

marbling score, carcass ribeye area and ultrasound ribeye area. 

 The genetic correlation of yearling weight with carcass and ultrasound measures of 

backfat thickness (Table 1.5) are weak and negative suggesting that heavier post-weaning weight 

is associated with increased leanness.  The single estimate of genetic correlation between 

yearling weight and carcass marbling score would signify improved carcass quality with heavier 

post-weaning weight.  The moderate, positive genetic correlation between yearling weight and 

carcass or ultrasound ribeye area points toward increased muscling in heavier cattle. 

Carcass and ultrasound measures of backfat thickness (Table 1.6) are strong and 

positively correlated, as would be expected.  The association of carcass backfat with carcass and 

ultrasound measures of marbling is weak but positive therefore indicating fatter cattle will have 

increased quality. Their genetic correlations suggest that carcass backfat thickness changes are 

nearly independent of both carcass and ultrasound ribeye area. 

Genetically, increased ultrasound backfat thickness is strongly related to increased 

carcass marbling score (Table 1.7), but moderately related to increased carcass intramuscular fat 

percentage determined by ultrasound.  The genetic correlation of ultrasound backfat thickness 
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with carcass and ultrasound ribeye area is near 0, suggesting selection for backfat thickness 

would act independent of ribeye area change. 

The genetic relationship between carcass and ultrasound measures of marbling (Table 

1.8) is strongly positive as would be expected.  The genetic correlation of ultrasound 

intramuscular fat percentage with both ultrasound and carcass ribeye area ranges from positive to 

negative, but tends to be slightly negative, pointing toward increased carcass quality with 

decreased muscling. 

The genetic correlations between carcass marbling score number and ribeye area (Table 

1.9) is wide-ranging, both positive and negative, indicating their relationship is inconsistent but 

on average independent of one another.  Similarly, the genetic relationship between carcass 

marbling score and ultrasound ribeye area is variable, but the tendency would be for increased 

carcass quality to cause slight reductions in ribeye area.  As anticipated, complimentary 

measurements of ribeye area are usually strong and positively associated to each other. 

 

 

Trait Adjustments 

Points of adjustment for weight and carcass traits have been thoroughly discussed.  

Wilson et al. (1993) argues that adjusting to an age-weight end point is artificial in that it may 

not be genetically or phenotypically possible for many animals to achieve.  They offer a more 

sensible adjustment with regard to a fat end point in that most producers market fed cattle once 

they achieve a certain level of back fat indicative of an acceptable quality grade.  However, the 

typical and seemingly accepted method of adjustment in most genetic evaluations is to a constant 

age. 
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Heritability of Simmental carcass traits adjusted for endpoints of age, backfat thickness, 

carcass weight and marbling, respectively, were: 0.13, not reported since trait and end-point are 

the same, 0.14, 0.12 for backfat; 0. 27, 0.27, 0.27, not reported for marbling score; and, 0.26, 

0.26, 0.27, 0.26 for ribeye area (Rumph et al., 2007).  These estimates suggest that endpoint 

adjustment has minimal impact for selection progress for these traits.  Heritability of carcass 

traits in steers adjusted for age, fat thickness and carcass weight, respectively, were: 0.20, not 

reported, and 0.21 for backfat; 0.24, 0.25, and 0.25 for ribeye area; and 0.40, 0.35, and 0.41 for 

marbling score, respectively (Rios-Utrera et al., 2005).  Again, little change in selection progress 

should be expected for different adjustments. 

Wilson et al. (1993) evaluated slaughter age as a covariate in the evaluation of carcass 

traits to reduce unexplained variability.  Linear age adjustments for Angus steer carcass traits 

were significant (at P < 0.05) for hot carcass weight, ribeye area, backfat thickness, and marbling 

score.  Quadratic age adjustments were also significant (at P < 0.05) for hot carcass weight and 

ribeye area. 

 

Combined Crossbred Purebred Selection 

Introduction 

The production of beef cattle can be categorized into operations that breed purebred cattle 

and operations that produce crossbred cattle.  Less than 5% of beef cows are used to produce 

seedstock bulls (Garrick and Golden, 2008), with that small fraction of the industry typically 

consisting of registered purebred cattle.  Product quality and efficiency of commercial crossbred 

herds can be improved through selection and use of high-merit purebred stock in designed 

crossbreeding systems.  Traditionally, performance data used in genetic evaluation programs has 
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been collected in purebred herds on potential selection candidates (Garrick and Golden, 2008).  

Therefore purebred selection becomes extremely important for the long-term success of 

crossbred herds (Dunn et al., 1970), especially when such a small proportion of producers are 

developing the purebred genetics.   

Commercial herds typically use crossbreeding to capitalize on the benefits that heterosis 

and breed complimentarity offer (Cundiff, 1970).  Comstock (1960) suggested that if the 

majority of livestock produced are crossbred, performance information on those animals should 

be considered in the selection of their purebred sires.  With the predominance of crossbreeding in 

beef cattle, large amounts of information could be made available for this purpose.   

The question becomes, “Are we better served in utilizing purebred information alone, or 

a combination of purebred and crossbred information, in our genetic evaluation programs?”  If 

our breeding goal is to optimize crossbred performance this question becomes even more 

relevant (Wei and van der Werf, 1994).  Since the backbone of beef cattle production is the 

crossbred herd, defining the aim of beef breeding programs in terms of crossbred performance 

would seem sensible.  At present, only limited amounts of crossbred information are being 

utilized in formal genetic evaluation programs.  The focus of this section is to consider the 

potential benefits and drawbacks of formally incorporating crossbred performance data into 

genetic evaluations of their purebred parents.   

 

Crossbred Selection  

Two methods in achieving crossbred improvement for a given trait have been established 

(Wei and van der Werf, 1994).  The first method, pure line selection (PLS), utilizes data from 

purebred animals and their relatives within a population.  The implementation of PLS takes 
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several forms: mass selection, family selection typically utilizing an index, or BLUP (Wei and 

van der Steen, 1991).  The extent of crossbred improvement depends on a correlated response to 

the selection in the purebred. 

The second method, reciprocal recurrent selection (RRS), was established by Comstock 

et al. (1949), and is based on comparing the performance of crossbred progeny based on the 

combining ability of different purebred parental stocks.  The selection of purebred animals to use 

in producing crossbreds is based on comparing reciprocal crosses of different pairs of breeds 

(Wei and van der Steen, 1991).   

A third approach is combined crossbred-purebred selection (CCPS), which merges the 

performance information of purebred animals with that of their crossbred relatives.  That method 

was proposed by Wei and van der Steen (1991).  The use of CCPS involves evaluating 

phenotypic measurements for a given trait, collected in purebreds and their crossbred relatives, 

as separate yet genetically correlated traits (Wei and van der Werf, 1994; Jiang and Groen, 

1999).  The genetic correlation reveals the strength and direction of the relationship between 

breeding values for the two defined traits.  The effectiveness of CCPS depends on family 

structure, the selection procedures employed, and the heritabilities and genetic correlations 

among the traits considered (Jiang and Groen, 1999).  

In swine and poultry production, large amounts of crossbred data are available to 

supplement genetic evaluations.  In operations that already utilize structured crossbreeding and 

collect performance records as their norm, CCPS can easily be implemented (Wei and van der 

Werf, 1994).  Utilizing information on crossbred performance contributes to genetic gain in 

purebreds by increasing selection accuracy (Jiang and Groen, 1999).  Even when the amount of 

crossbred information is limited, CCPS still proves effective when purebred sires themselves 
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have few purebred progeny (Bijma and van Arendonk, 1998).  Genetic gains in poultry can be 

increased especially when a higher number of crossbred progeny are tested per purebred female 

(Jiang and Groen, 1999).  Since poultry and pigs have much larger family sizes, unsurprisingly 

CCPS were first introduced into these species. 

An example of CCPS from Bijma et al. (2001) involves a three-way crossbreeding 

system.  Sires from a sire line are either mated to dams from that sire line, or to dams from the 

first cross (F1) of two dams lines.  In that instance, sires from the sire line produce two types of 

offspring: purebred offspring within the sire line, which are the selection candidates for the next 

generation, and commercial crossbred offspring which provide information on crossbred 

performance.  

In illustrating CCPS, a selection index based on the theory of Hazel (1943) was 

developed involving the following sources of information: crossbred paternal half-sib family 

mean (X1), purebred paternal half-sib family mean including the animal to be selected and its 

full-sibs (X2), purebred full-sib family mean including the animal to be selected (X3), and the 

animals’ own performance (X4) (Wei and van der Werf, 1994).  The phenotypic information on 

the crossbred half-sibs of the selection candidate makes CCPS unique (Wei and van der Werf, 

1994).  Three selection indices were proposed: 

  ICCPS=b1X1 + b2X2 + b3X3 + b4X4 

   IPLS=b2X2 +b3X3 + b4X4 

    ICS= b1X1, 

where CS refers to an index based on crossbred information alone. 

 The purpose of each index was to predict the breeding value of an animal for crossbred 

performance.  First, ICCPS combines information on purebred and crossbred animals to derive the 
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most accurate and comprehensive prediction of breeding value.  Second, IPLS includes only 

purebred information and predicts crossbred performance accurately only when closely related to 

purebred performance.  Third, ICS effectively predicts crossbred breeding value when purebred 

and crossbred performance is unrelated, but suffers from low selection intensity due to correlated 

selection indices within half-sib families (Wei and van der Werf, 1994).  

Three crucial population parameters in CCPS include: the genetic correlation between 

purebred and crossbred performance (rpc), the purebred heritability (hp
2), and the crossbred 

heritability (hc
2).  The correlated genetic response expected in the crossbred when selection is 

practiced in the purebred is defined by rpc (Wei and van der Steen, 1991; Wei and van der Werf., 

1995; Besbes and Gibson, 1999).  The ratio of additive genetic to total phenotypic variance 

revealed by hc
2 is an important factor in optimizing selection using crossbred information (Wei 

and van der Werf, 1994).   

When estimating breeding values for the purebred selection candidates, the information 

on their crossbred half-sibs can be included in the EBV, which results in a higher accuracy of 

selection.  The construction of these mixed model equations, using BLUP technology, to 

estimate genetic parameters and breeding values has been demonstrated for CCPS (Wei and van 

der Werf, 1994; Lo et al., 1997; Spilke et al., 1998). 

 

Purebred-Crossbred Genetic Correlation  

The rpc is calculated from variances of purebred and crossbred half-sib means and the 

covariance between them, assuming infinite group sizes (Wei et al., 1991b).  The rpc is used to 

determine weights for the sources of information to be included in CCPS where selection 

decisions are based on an index (Wei and van der Werf, 1994).  Using a two-locus model, rpc was 
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shown to be a function of dominance effects and the difference in gene frequency between 

parental populations (Wei et al., 1991b).  In the case that no dominance effect exists and gene 

frequencies in parental populations are equal, then rpc equals one.  When dominance exists rpc is 

always positive, but may become negative with overdominance.  High positive rpc was associated 

with a high additive genetic variance, and low rpc with a high non-additive genetic variance (Wei 

et al., 1991b).  In general, rpc decreases when degree of dominance increases (Wei et al., 1991b).  

Although such studies prove useful in describing the characteristics of parameters at the gene 

level, in production agriculture most traits of economic importance involve polygenic gene 

action with unknown dominance effects and initial gene frequencies.    

The benefit of crossbred information increases rapidly when rpc decreases because 

selection in purebred animals becomes less effective in achieving crossbred genetic gains (Bijma 

and van Arendonk, 1998).  Even when rpc is near unity, crossbred information still proves useful, 

especially in traits with low heritability due to the additional information on siblings it provides.  

With low rpc and a breeding objective aimed at crossbred performance, performance information 

on purebreds is still useful to help differentiate genetic merit among full-sib sires.  Typically rpc 

is estimated more accurately from families of sires as compared to dams, since sires produce a 

larger number of progeny (Besbes and Gibson, 1999).  The optimum number of sires to evaluate 

as selection candidates increases with lower rpc (Bijma and van Arendonk, 1998).   

In swine, rpc estimates between two purebred lines (Landrace, Large White) and their 

reciprocal crossbred offspring were 0.99 and 0.62 for lifetime daily gain, and 0.32 and 0.70 for 

backfat thickness (Lutaaya et al., 2001).  The departure of these genetic correlations from unity 

could be attributed to dominance effects and (or) to differences in management between 

purebred and crossbred lines.  Estimates of rpc between purebred Duroc sires and their cross to 
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two different breeds were 0.83 and 0.89 for backfat thickness, 0.78 and 0.80 for muscle depth, 

0.53 and 0.80 for body weight, and 0.60 and 0.79 for weight per day of age (Zumbach et al., 

2007).  The estimates of rpc were generally higher for carcass traits than weight traits, even 

though carcass measurements on purebreds were ultrasonic based while those on crossbreds were 

actually measured on carcasses.  Feeding regimens were the same in the purebred and crossbred 

lines, although production environments (housing) differed.  Zumbach et al. (2007) explains that 

low genetic correlations could be attributed to non-additive gene combination effects and 

genotype by environment interactions.   

The investigation of rpc in Herefords, Angus and their crosses included ranges of 0.88 to 

0.97 for birth weight, 0.55 to 0.94 for weaning weight, and 0.68 to 0.86 for yearling weight 

(Nunez-Dominguez et al., 1993). Newman et al. (2002) reported rpc in Australian cattle of 0.48 

for 400-day weight, 0.48 for carcass weight, 0.83 for percentage of retail beef yield, 0.95 for 

percentage of intramuscular fat, 1.0 for subcutaneous rump fat thickness, and 0.78 for pre-

slaughter scanned eye muscle.  Results of these studies suggest that sire re-ranking may occur 

when bulls are evaluated based on purebred as compared to crossbred progeny performance for 

some weight traits (weaning and yearling weight) and eye muscle area.  Evaluating sires only on 

purebred progeny performance is likely acceptable for rump fat and intramuscular fat. 

In analyzing egg production traits, estimates of rpc ranged from 0.56 to 0.73 for egg 

number, 0.69 to 0.99 for egg weight, and 0.72 to 0.82 for egg specific gravity (Wei and van der 

Werf, 1995).  The departure in unity of these estimates suggests CCPS could be useful in making 

genetic progress within layer operations. 

 

Purebred and Crossbred Heritabilities 
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Purebred heritability is the ratio of additive genetic variance to total phenotypic variance.  

Factors that cause the ratio to be below one include dominance, epistatic and environmental 

variances, and maternal effects.  Crossbred heritability is related to the amount of genetic 

variation among purebreds for crossbred performance.  In a one-locus model, Wei et al. (1991a) 

reported that hc
2 is not a linear function of the heritabilities in parental lines (hp

2) if dominance 

exists, and should be estimated separately for different lines and their crosses.  The same study 

concluded that hp
2 (or sire component of variance in purebreds) is different from hc

2 (or sire 

component in crossbreds) due to larger dominance effects and (or) large gene frequency 

differences in parental populations.  When a crossbred trait is of lower hc
2, it is more difficult to 

change genetically (Wei and van der Werf, 1995).  Even so, CCPS remains valuable, particularly 

when hp
2 and rpc for the trait of interest is low (Bijma et al., 2001). 

When fitting animal and sire-dam models, the hc
2 was higher than hp

2 for egg number, 

egg weight and shell strength (Besbes and Gibson, 1999).  This is generally explained by 

dominance variance increasing relative to additive variance in hc
2 as compared to hp

2.  In a 

separate poultry study that considered egg number, egg weight and egg specific gravity, 

estimates of hc
2 were lower than hp

2 (Wei and van der Werf, 1995).  These comparatively lower 

hc
2 could be partially explained by a more variable housing environment for the crossbred hens. 

Estimates of hp
2 and hc

2 for swine growth and carcass traits were of similar ranges of 

magnitude in purebreds and crossbreds, with the exception of 21-day weight where hp
2 was 

significantly higher (McLaren et al., 1985).  Heritability estimates for lifetime daily gain and 

backfat thickness of two purebred lines of swine and their reciprocal cross were very similar 

(Lutaaya et al., 2001).  In a cattle study conducted by Newman et al. (2002) hc
2 was higher than 

hp
2 for weight traits.  However, this relationship was reversed when considering carcass traits. 
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The average heritabilities within two pure Duroc lines (hp
2) and their resulting crossbred 

(hc
2), when mated to a Large White x Landrace dam line, were respectively 0.37 and 0.32 for 

backfat thickness, 0.27 and 0.16 for muscle depth, 0.26 and 0.17 for body weight, and 0.27 and 

0.18 for weight per day of age (Zumbach et al., 2007).  Heritability estimates in these purebreds 

were consistently larger than in their crossbred counterparts possibly due to more variable 

production environment among the crossbreds. 

 

Evaluations of CCPS 

The value of CCPS relative to PLS has been considered both through simulation and 

experimentation.  From a simulation, Bijma and van Arendonk (1998) demonstrated that for rpc 

of 0.4, maximum response under CCPS was approximately twice that under PLS.  In a separate 

study, CCPS offered a 22% increase in response compared to PLS on a phenotypic standard 

deviation basis (Dekkers, 2007).  When evaluating combined improvement in crossbred and 

purebred performance of broilers, Jiang and Groen (1999) noted that there was no significant 

genetic improvement resulting from CCPS when rpc was 0.7 or higher.   

 When assuming that h2
p equaled h2

c, and with rpc of 0.7, CCPS yielded a 4.8% greater 

crossbred genetic response than PLS (Wei and van der Werf, 1994).  Moreover, when rpc was 

decreased to 0.5, CCPS yielded 23.6% greater crossbred response than PLS.  As the rpc 

approached zero, PLS proved ineffective.  Nonetheless, PLS resulted in a higher crossbred 

response when rpc was equal to one because of a shorter generation interval.  Purebred 

information always increases selection accuracy when rpc is large.  The benefit of crossbred 

performance information is only limited if rpc is large and many purebred performance records 

exist.  In cases of fixed numbers of purebred records, then CCPS is superior to PLS.   
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With stochastic simulation, CCPS was clearly superior to PLS when the trait of interest is 

controlled by loci with full dominance or overdominance.  However, when loci were partially 

dominant, PLS was adequate (Uimari and Gibson, 1998).  The effectiveness of CCPS versus 

PLS depends primarily on degree of dominance, rather than initial differences in allele 

frequencies between lines (Uimari and Gibson, 1998).   

In an experimental program, purebred breeding values were predicted in swine fitting 

either a purebred or crossbred model, the latter including both purebred and crossbred 

observations, to assess differences in reliability of estimates (Lutaaya et al., 2002).  The 

crossbred model was not justified when primary interest was in the evaluation of purebred 

animals, especially when the number of crossbreds was small relative to purebreds.  This was 

due to modest changes in accuracy of prediction and very high rank correlations (Lutaaya et al., 

2002).  However, the crossbred model was useful when evaluation of both populations was 

important, and when crossbred records were more numerous than purebred records with some 

traits primarily measured on crossbreds.  The latter can certainly be the case for many carcass 

traits. 

 

Challenges and Opportunities 

 Drawbacks to implementing CCPS in the form of a selection index include selecting 

animals on an individual basis and only optimizing crossing systems for one future generation, 

not a more extended period (Li et al., 2006).  The application of CCPS has been limited to date, 

due to the responsibility of commercial producers to maintain pedigree records tying their 

animals to purebred parents (Dekkers, 2007).  Such management restrictions are also apparent in 

simply recording animal performance at the purebred, commercial and harvest levels (Bijma and 
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van Arendonk, 1998).  Alternatively, Wei and van der Werf (1995) suggest the vast volumes of 

commercial information can be obtained relatively cheaply as a tool for selection. 

 Should genotype by environment interactions exist due to differences in production 

environment (housing) of the purebred compared to the crossbred, it would be confounded in rpc 

(Wei and van der Werf, 1994; Uimari and Gibson, 1998).  This would be indistinguishable from 

the non-additive genetic effects contributing to the decreased correlation coefficient (Wei and 

van der Werf, 1994).  This confounding would not need to be distinguished as long as crossbred 

performance is measured in the same environment for which the breeding goal was defined for 

(Wei and van der Werf, 1995). 

 Another measure to evaluate CCPS is the ratio of dominance variance to total genetic 

variance (Uimari and Gibson, 1998).  If this ratio exceeds 0.3, then CCPS is more effective than 

PLS since the trait exhibits a high degree of dominance and the additive effect is unpredictable 

when comparing purebred and crossbred performance (Uimari and Gibson, 1998).  Calculating 

such dominance variances for egg production traits in three purebred lines of poultry layers, with 

an animal dominance model, was shown to decrease bias in heritability estimates (Wei and van 

der Werf, 1994).  Still, in most cases rpc is a more useful indicator in determining what 

information is utilized than the dominance variance (Besbes and Gibson, 1999).   

Combined crossbred-purebred selection has been compared with pure-line selection, 

evaluated on the basis of genetic gain at constrained levels of inbreeding (Bijma et al., 2001).  At 

fixed levels of inbreeding, CCPS is superior to PLS, although in most cases CCPS increases the 

level of inbreeding due to the dependency on family information for selection (Bijma et al., 

2001).  Incorporating marker-assisted selection with CCPS should deliver optimal selection 
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response, while minimizing CCPS inbreeding effects by revealing Mendelian sampling 

differences between full-sib families (Dekker, 2007).   

DNA technology offers advantages over traditional identification methods by 

maintaining the association of phenotypes, such as carcass measures, with animal records 

(Heaton et al., 2002).  Based on the promise of DNA parentage verification to identify paternity 

(Heaton et al., 2002; Van Eenennaam et al., 2007), genetic improvement can be fostered by 

collecting crossbred phenotypes of economically relevant traits in herds that utilize multiple-sire 

pasture arrangements. 

 

Conclusions and Implications to Beef Cattle Genetic Improvement 

 The structure of genetic evaluation in the beef cattle industry analyzes animals, typically 

purebreds, which make up a very small proportion of the total beef cow population.  Traits 

included in these analyses such as ribeye area, marbling and backfat thickness are usually 

measured indirectly in purebreds through the use of ultrasound.  Improving lowly heritable traits 

such as calving ease and calving interval involves collecting large numbers of accurately 

measured records.  In addressing such challenges, the opportunity exists to garner large amounts 

of directly measured performance data, if economically feasible, from the crossbred and 

commercial beef cattle population.    

Currently, adoption of CCPS has not been widespread in the beef cattle industry.  

Advances in DNA technology could stimulate the maintenance of pedigree relationships in large 

commercial and crossbred operations.  This would aid in jointly analyzing purebred and 

crossbred information, facilitating selection decisions directed toward improving commercial 

herds.  The increased selection accuracy garnered from additional phenotypic records could 
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encourage producers to collect performance measurements.  Any genetic improvement CCPS 

could provide would need to be compared with the cost of time and labor to implement it.   

 The practice of CCPS offers clear benefits when genetic improvement of crossbred 

livestock is desired.  Utilizing different forms of CCPS selection indices could allow relative 

economic values and sources of phenotypic information to be weighted according to the optimal 

production desired by producers.  The application of CCPS is likely best achieved through the 

analysis of training data sets in large crossbred herds with complete pedigree relationships and 

accurate collection of performance measurements for economically relevant traits.  Another 

option for implementing CCPS would be a structured sire evaluation wherein a defined number 

of progeny, from a representative sample of sires within a breed, were performance tested for 

traits economically beneficial to cattle producers.  These performance records, measured in a 

commercial production system, would delineate the superior sires that would continue to be used 

for optimal production of commercial or crossbred cattle. 
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Table 1.1 Heritability estimates including model and breed for selected weight traits from 
literature sources published since 1980  
Source Model1 Breed WW2 WWM YW 
1.Knights et al., 1984 S Angus 0.46 (0.05) - 0.49 (0.05) 
2. Alenda et al., 19873 S Angus 0.30 (0.08) - 0.36 (0.08) 
3. Alenda et al., 19874 S Angus 0.21 (0.07) - 0.18 (0.07) 
4. Smith et al., 1989a S Multi 0.14 (0.06) - 0.29 (0.08) 
5. Smith et al., 1989b S Multi 0.10 (0.06) - 0.33 (0.09) 
6. Lamb et al., 1990 S Hereford 0.12 (0.12) - - 
7. Arnold et al., 1991 S Hereford 0.09 -  0.14 
8. Woodward et al., 1992 S Simmental 0.18 - - 
9. Bullock et al., 1993 MGS Hereford 0.24 - 0.30 
10. Johnson et al., 1993 A Brangus 0.48 - 0.44 
11. Veseth et al., 1993 S Hereford 0.17 (0.11) - - 
12. Gregory et al., 1995 S Multi 0.34 (0.09) - - 
13. Shepard et al., 1996 MGS Angus 0.19 - - 
14. Moser et al., 1998 A Brangus - - 0.40 (0.04) 
15. Kaps et al., 2000 A Angus 0.53 - 0.46 
16. Splan et al., 2002 A Multi 0.14 (0.02) 0.19 (0.02) - 
17. Vergara et al., 2009 A Multi 0.23 (0.05) 0.15 (0.04) - 
18.Brandt et al., 2010 A Multi 0.12 (0.06) 0.08 (0.05) - 
Total5   0.24, 0.19 0.14, 0.15 0.34, 0.35 
1S = sire, MGS = maternal grand-sire, A = animal  
2WW = weaning weight direct, WWM = weaning weight maternal, YW = yearling weight 

3Males 
4Females 
5Mean, median 
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Table 1.2 Heritability estimates including model and breed for selected carcass traits from 
literature sources published since 1980  
Source Model1 Breed CREA2 CMAR CFAT 
1. Benyshek, 1981 S Hereford 0.40 (0.04) 0.47 

(0.04) 
0.52 
(0.04) 

2. Koch et al., 1982 S Multi 0.56  (0.08) 0.40 
(0.08) 

0.41 
(0.08) 

3. Lamb et al., 1990 S Hereford 0.28 (0.15) 0.33 
(0.15) 

0.24 
(0.14) 

4. Arnold et al., 1991 S Hereford 0.46 0.35 0.49 
5. Van Vleck et al., 1992 A Multi 0.60 (.13) 0.45 (.13) - 
6. Woodward et al., 1992 S Simmental - 0.23 - 
7. Veseth et al., 1993 S Hereford 0.51 (0.19) 0.31 

(0.17) 
- 

8. Wilson et al., 1993 MGS Angus 0.32 (0.04) 0.26 
(0.41) 

0.26 
(0.04) 

9. Gregory et al., 1995 S Multi 0.22 (0.08) 0.48 
(0.09) 

0.25 
(0.08) 

10. Barkhouse et al., 
1996 

S Multi - 0.40 
(0.08) 

- 

11. Hirooka et al., 1996 S Japanese 
brown 

0.38 (0.03) 0.40 
(0.03) 

0.35 
(0.03) 

12. Wheeler et al., 1996 S Multi 0.65 (0.13) 0.73 
(0.13) 

0.56 
(0.12) 

13. Moser et al., 1998 A Brangus 0.39 (0.06) - 0.27 
(0.05) 

14. Pariacote, 1998 S Shorthorn 0.97 (0.21) 0.88 
(0.21) 

0.46 
(0.19) 

15. Reverter et al., 2000 A Angus 0.26 0.43 0.28 
16. Reverter et al., 2000 A Hereford 0.38 0.36 0.27 
17. Devitt et al., 2001 A Multi 0.45 (0.04) 0.35 

(0.04) 
0.41 
(0.05) 

18. Kemp et al., 2002 A Angus 0.45 0.42 0.35 
19. Riley et al., 2002 A Brahman 0.44 0.44 0.63 
20. Splan et al., 2002 A Multi 0.58 (0.07) 0.35 

(0.06) 
0.46 
(0.07) 

21. Crews et al., 20033 A Simmental  0.46 (0.05) 0.54 
(0.05) 

0.35 
(0.05) 

22. Crews et al., 20034 A Simmental  0.46 (0.05) 0.54 
(0.05) 

0.35 
(0.05) 

23. Shojo et al., 20065 A Japanese Black 0.61 (0.09) 0.61 
(0.09) 

0.52 
(0.08) 

24. Shojo et al., 20066 A Japanese Black 0.48 (0.06) 0.49 
(0.06) 

0.44 
(0.06) 

25. Smith et al., 2007 S Brahman 0.50 (0.16) 0.37 
(0.16) 

0.36 
(0.17) 
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Total7    0.47, 0.46
  

0.44, 0.41 0.39, 0.36 

1S = sire, MGS = maternal grand-sire, A = animal  
2CREA = carcass ribeye area, CMAR = carcass marbling score, CFAT = carcass backfat 
thickness 

3Males 
4Females 
5Collected in Hyogo prefecture 
6Collected in Tottori prefecture 
7Mean, median 
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Table 1.3 Heritability estimates including model and sample for selected ultrasound traits from 
literature sources published since 1980  
Source Model1 Breed UREA2 UMAR UFAT 
1. Arnold et al., 1991 S Hereford 0.28 - 0.26 
2. Johnson et al., 1993 A Brangus 0.40 - 0.14 
3. Shepard et al., 1996 MGS Angus 0.11 - 0.56 
4. Moser et al., 1998 A Brangus 0.29 (0.04) - 0.11 (0.03) 
5. Reverter et al., 2000 A Angus 0.37 0.18 0.47 
6. Reverter et al., 2000 A Hereford 0.41 0.28 0.09 
7. Devitt et al., 2001 A Multi 0.48 (0.02) 0.23 (0.03) 0.52 (0.03) 
8. Kemp et al., 2002 A Angus 0.29 0.51 0.39 
9. Stelzleni et al., 2002 A Brangus 0.31 0.16 0.26 
10. Crews et al., 20033 A Simmental 0.37 (0.06) 0.47 (0.06) 0.53 (0.07) 
11. Crews et al., 20034 A Simmental 0.51 (0.09) 0.52 (0.09) 0.69 (0.10) 
Total5   0.35, 0.37 0.34, 0.28 0.37, 0.39 
1S = sire, MGS = maternal grand-sire, A = animal  
2UREA = ultrasound ribeye area, UMAR = ultrasound intramuscular fat percentage, UFAT = 
ultrasound backfat thickness 

3Males 
4Females 
5Mean, median 
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Table 1.4 Genetic correlations of weaning weight with carcass and ultrasound measures of 
carcass merit 
Source Model1 Breed YW2 CFAT UFAT CMAR UMAR CREA UREA
1. Knights 
et al., 1984 

S Angus 0.79 - - - - - - 

2. Alenda 
et al., 
19873 

S Angus 0.89 
(0.05)

- - - - - - 

3. Alenda 
et al., 
19874 

S Angus 0.76 
(0.07)

- - - - - - 

4. Smith et 
al., 1989a 

S Multi 0.84 - - - - - - 

5. Smith et 
al., 1989b 

S Multi 0.80 - - - - - - 

6. Lamb et 
al., 1990 

S Hereford - 0.13 
(0.53) 

- 0.71 
(0.24) 

- 0.43 
(0.42) 

- 

7. Arnold 
et al., 1991 

S Hereford 0.06 -0.28 - -0.01 - 0.33 - 

8. 
Woodward 
et al., 1992 

S Simmental - - - 0.16 - - - 

9. Johnson 
et al., 1993 

A Brangus 0.90 - -0.17 - - - 0.29 

10. Veseth 
et al., 1993 

S Hereford - - - 0.81 
(0.55) 

- 0.72 
(0.38) 

- 

11. 
Gregory et 
al, 1995 

S Multi - 0.15 
(0.22) 

- 0.12 
(0.17) 

- 0.49 
(0.21) 

- 

12. 
Shepard et 
al., 1996  

MGS Angus - - 0.19 - - - 0.42 

13. Kaps et 
al., 2000 

A Angus 0.91 - - - - - - 

14. Splan 
et al., 2002 

A Multi - 0.26 - -0.12 - 0.29 - 

Total5   0.74, 
0.82 

0.07, 
0.14 

0.01, 
0.01 

0.28, 
0.14 

- 0.45, 
0.43 

0.36, 
0.36 

1S = Sire, MGS = Maternal grand-sire, A = Animal 
2YW = yearling weight, CFAT = carcass backfat thickness, CREA = carcass ribeye area, CMAR 
= carcass marbling score, UREA = ultrasound ribeye area, UMAR = ultrasound intramuscular fat 
percentage 
3Males 
4Females 
5Mean, median 
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Table 1.5 Genetic correlations of yearling weight with carcass and ultrasound measures of 
carcass merit 

1S = Sire, MGS = Maternal grand-sire, A = Animal 
2 CREA = carcass ribeye area, CMAR = carcass marbling score, CFAT = carcass backfat 
thickness, UREA = ultrasound ribeye area, UMAR = ultrasound intramuscular fat percentage, 
UFAT = ultrasound backfat thickness 

3Mean, median 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source Model1 Breed CFAT2 UFAT CMAR UMAR CREA UREA 
1. Arnold et 
al., 1991 

S Hereford -0.13 - 0.20 - -0.06 - 

2. Johnson et 
al., 1993 

A Brangus - -0.53 - - - 0.38 

3. Moser et 
al., 1998 

A Brangus -0.19 
(0.15) 

0.11 
(0.12) 

- - 0.60 
(0.12) 

0.49 
(0.07) 

Total   -0.16, -
0.16 

-0.21, -
0.21 

0.20, 
0.20 

- 0.27, 
0.27 

0.44, 
0.44 
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Table 1.6 Genetic correlations of carcass backfat thickness with carcass and ultrasound measures 
of carcass merit  
   CFAT2 
Source Model1 Breed UFAT CMAR UMAR CREA UREA 
1. Koch et al., 
1982 

S Multi - 0.16 
(0.18) 

- -0.44 
(0.18) 

- 

2. Lamb et al., 
1990 

S Hereford - 0.21 
(0.35) 

- 0.13 
(0.38) 

- 

3. Arnold et 
al., 1991 

S Hereford - 0.19 - -0.37 - 

4. Wilson et 
al., 1993 

MGS Angus - -0.13 - -0.06 - 

5. Gregory et 
al., 1995 

S Multi - 0.44 
(0.18) 

- -0.06 
(0.27) 

- 

6. Hirooka et 
al., 1996 

S Japanese 
Brown 

- -0.12 
(0.06) 

- -0.12 
(0.06) 

- 

7. Wheeler et 
al., 1996 

S Multi - 0.01 
(0.16) 

- -0.43 
(0.17) 

- 

8. Moser et al., 
1998 

A Brangus 0.69 
(0.18) 

- - -0.05 
(0.13) 

0.12 
(0.17) 

9. Pariacote et 
al., 1998 

S Shorthorn - 0.26 
(0.24) 

- -0.31 
(0.23) 

- 

10. Reverter et 
al., 2000 

A Angus 0.79(0.12) 0.26 0.42 
(0.21) 

-0.08 -0.21 
(0.15) 

11. Reverter et 
al., 2000 

A Hereford 0.87 
(0.17) 

0.39 -0.25 
(0.24) 

0.28 -0.08 
(0.22) 

12. Devitt et 
al., 2001 

A Multi 0.88 
(0.03) 

0.30 
(0.07) 

0.08 
(0.03) 

0.02 
(0.06) 

0.09 
(0.06) 

13. Kemp et 
al., 2002 

A Angus 0.82 0.38 0.33 -0.20 0.15 

14. Riley et al, 
2002 

A Brahman - 0.56 - 0.02 - 

15. Crews et 
al., 20033 

A Simmental 
 

0.79 
(0.13) 

- - - - 

16. Crews et 
al., 20034 

A Simmental  0.83 
(0.12) 

- - - - 

17. Smith et 
al., 2007 

S Brahman - 0.04 
(0.33) 

- -0.25 
(0.27) 

- 

Total5   0.81, 0.82 0.21, 
0.24 

0.15, 
0.21 

-0.13, -
0.08 

0.01, 
0.09 

1S = Sire, MGS = Maternal grand-sire, A =Animal 
2 CFAT = carcass backfat thickness, UFAT = ultrasound backfat thickness, CMAR = carcass 
marbling score, UMAR = ultrasound intramuscular fat percentage, CREA = carcass ribeye area, 
UREA = ultrasound ribeye area 

3Males 
4Females 
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5Mean, median 
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Table 1.7 Genetic correlations of ultrasound backfat thickness with carcass and ultrasound 
measures of carcass merit  
   UFAT2 
Source Model1 Breed CMAR UMAR CREA UREA 
1. Arnold et al., 1991 S Hereford - - - 0.48 
2. Johnson et al., 1993 A Brangus - - - 0.12 
3. Moser et al., 1998 A Brangus - - 0.15 (0.19) 0.13 (0.13) 
4. Reverter et al., 
2000 

A Angus 0.30 
(0.16) 

0.57 -0.62 
(0.19) 

-0.04 

5. Reverter et al., 
2000 

A Hereford 0.61 
(0.32) 

-0.31 0.47 (0.40) -0.29 

6. Devitt et al., 2001 A Multi 0.54 
(0.06) 

0.28 
(0.06) 

-0.07 
(0.08) 

-0.03 
(0.04) 

7. Kemp et al., 2002 A Angus 0.45 0.38 -0.24 0.23 
8. Stelzleni et al., 
2002 

A Brangus - 0.36 - -0.09 

Total3   0.48, 0.50 0.26, 0.36 -0.06, -0.07 0.06, 0.07 
1S = Sire, MGS = Maternal grand-sire, A =Animal 
2 UFAT = ultrasound backfat thickness, CMAR = carcass marbling score, UMAR = ultrasound 
intramuscular fat percentage, CREA = carcass ribeye area, UREA = ultrasound ribeye area 
3Mean, median 
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Table 1.8 Genetic correlations of ultrasound intramuscular fat percentage with carcass and 
ultrasound measures of carcass merit 
    UMAR2 
Source Model1 Breed CMAR UREA CREA 
1.  Reverter et al., 2000 A Angus 0.47 (0.21) -0.35 -0.90 (0.08)
2. Reverter et al., 2000 A Hereford 0.28 (0.27) 0.04 0.23 (0.24) 
3. Devitt et al., 2001 A Multi 0.80 (0.06) -0.33 (0.06) -0.22 (0.10)
4. Kemp et al., 2002 A Angus 0.90 0.16 -0.19 
5. Stelzleni et al., 2002 A Brangus - -0.25 - 
6. Crews et al., 20033 A Simmental 0.74 (0.11) - - 
7. Crews et al., 20034 A Simmental 0.69 (0.13) - - 
Total5   0.65, 0.72 -0.12, -0.25 -0.27, -0.21 
1S = Sire, MGS = Maternal grand-sire, A = Animal 
2 UMAR = ultrasound intramuscular fat percentage, CMAR = carcass marbling score, UREA = 
ultrasound ribeye area, CREA = carcass ribeye area 
3Males 

4Females 
5Mean, median 
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Table 1.9 Genetic correlations of carcass marbling score or ribeye area with carcass and 
ultrasound measures of carcass merit 
   CMAR2 CREA 
Source Model1 Breed CREA UREA UREA 
1. Koch et al., 1982 S Multi -0.14 (0.18) - - 
2. Lamb et al., 1990 S Hereford 0.57 (0.24) - - 
3. Arnold et al., 1991 S Hereford -0.01 - - 
4. Van Vleck et al., 1992 A Multi -0.40 (0.94) - - 
5. Veseth et al., 1993 S Hereford 0.51 (0.35) - - 
6. Wilson et al., 1993 MGS Angus -0.04 - - 
7. Gregory et al., 1995 S Multi -0.02 (0.21) - - 
8. Hirooka et al., 1996 S Japanese brown 0.12 (0.06)   
9. Wheeler et al., 1996 S Multi -0.37 (0.15)   
10. Moser et al., 1998 A Brangus - - 0.66 (0.14)
11. Pariacote et al., 1998 S Shorthorn -0.17 (0.19) - - 
12.  Reverter et al., 2000 A Angus -0.50 -0.20 (0.14) 0.29 (0.26)
13. Reverter et al., 2000 A Hereford 0.28 -0.05 (0.28) 0.94 (0.07)
14. Devitt et al., 2001 A Multi -0.61 (0.09) -0.67 (0.03) 0.66 (0.07)
15. Kemp et al., 2002 A Angus -0.10 0.30 0.69 
16. Riley et al., 2002 A Brahman 0.44 - - 
17. Crews et al., 20033 A Simmental - - 0.80 (0.11)
18. Crews et al., 20034 A Simmental - - 0.54 (0.11)
19. Smith et al., 2007 S Brahman - - 0.17 (0.28)
Total5   -0.03, -0.10 -0.16, -0.13 0.59, 0.66 
1S = Sire, MGS = Maternal grand-sire, A = Animal 
2 CMAR = carcass marbling score, CREA = carcass ribeye area, UREA = ultrasound ribeye area 

3Males 
4Females 
5Mean, median 
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CHAPTER 2: GENETIC EVALUATION OF ECONOMICALLY RELEVANT 
 

TRAITS IN ANGUS-SIRED COMMERCIAL CATTLE FROM TRI-COUNTY 
 

STEER CARCASS FUTURITY 
 
 
 

ABSTRACT 
 

  
The objective was to characterize growth and carcass traits and associated genetic 

parameters in 2,183 steers and 418 heifers sired by registered Angus bulls and evaluated under 

feedlot conditions in the 2002-2006 Iowa Tri-County Steer Carcass Futurity Program.  Traits 

evaluated were initial (IBW) and final BW (FBW), and carcass backfat thickness (CFAT), 

marbling score (CMAR) and ribeye area (CREA).  Univariate and bivariate sire and animal 

models were fitted with ASReml3.  Fixed effects included contemporary group (CG), and either 

linear and quadratic effects of age at IBW nested within season and year of feedlot delivery, or 

linear and quadratic effects of age at FBW or CFAT nested within season and year of slaughter.  

Random effects were sire or animal and residual.  The CG were a combination of birth season, 

birth year, sex, pen within feedlot, dam breed-type and owner.  Delivery seasons were January-

April, May-August and September-December.  Slaughter seasons were January-June and July-

December.  Data were edited to CG and sire families with at least 5 animals.  Trait sample means 

(SD) for steers were: IBW, 289 (40) kg; FBW, 543 (46) kg; CFAT, 1.21 (0.33) cm; CMAR, 

1057 (89); and CREA, 79 (7) cm2.  Corresponding values for heifers were: IBW, 271 (45) kg; 

FBW, 494 (36) kg; CFAT, 1.29 (0.34) cm; CMAR, 1100 (97); and CREA, 76 (6) cm2.  Heifers 

weighed less, had smaller CREA, and more fat.  Heritability estimates (SE) for IBW, FBW, 

CFAT, CMAR and CREA were 0.51 to 0.52 (0.11), 0.41 to 0.46 (0.11), 0.24 (0.08), 0.43 to 0.49 

(0.10) and 0.38 to 0.40 (0.10), respectively.  Genetic correlations indicated cattle with heavier 
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IBW had heavier FBW and larger CREA at harvest.  Heavier FBW was strongly associated with 

larger CREA and with a tendency for less CMAR.  More CFAT was related moderately to 

smaller CREA.  Given their heritabilities, and the size and direction of most correlations, feedlot 

traits are clearly amenable to selection. 

 

 
INTRODUCTION 

 
 

 Beef cattle production in the United States typically entails a finishing phase in a feedlot 

where young, growing cattle achieve weights and carcass attributes sought by both packers and 

consumers.  Calves are either shipped to a feedlot at weaning or following a backgrounding 

period post-weaning.  The length of the finishing period in a feedlot depends on many factors 

including age, weight, breed and targeted carcass merit.  Cattle are usually fed to a given level of 

fat thickness believed to indicate the optimum combination of quality grade and yield grade 

characteristics.  Depending on the marketing strategy of the feedlot or producer owning the 

cattle, different carcass merit endpoints may be preferred.  Carcass weight, within set boundaries, 

is still the primary driver of carcass value in most grid marketing scenarios.  However, 

depending on the grid arrangement, varying levels of carcass quality and yield will invoke 

discounts or premiums to a specified base carcass price.  The challenge for beef producers is to 

understand for which carcass characteristics their cattle excel, and then market them according to 

those strengths.   

In order to develop selection strategies for sires that result in favorable carcass attributes 

in calves, an understanding of the relationships among traits for feedlot cattle becomes 

imperative for making selection decisions that improve profitability.  One objective of this paper 
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is to characterize the genetic response possible for feedlot traits by estimating the magnitude of 

their heritabilities.  Another objective is to describe the genetic and phenotypic relationships 

among feedlot traits to characterize their potential favorable and antagonistic associations; such 

an understanding is required in the design of genetic selection programs. 

 

 
MATERIALS AND METHODS 

 
 

Data on Angus-sired steers ( n = 8,903 ) and heifers ( n = 3,073 ) fed at 15 Iowa feedlots 

between 2002 and 2006 as part of the Tri-County Steer Carcass Futurity sponsored by Iowa State 

University were considered.  Initial BW at time of delivery (IBW), final BW at slaughter 

(FBW), carcass backfat thickness at the 12th rib (CFAT), carcass marbling score (CMAR) and 

carcass ribeye area at the 12th rib (CREA), were measured on each animal.  A comprehensive 

review of management conditions of animals fed through Tri-County was offered by Reinhardt 

et al. (2009).  Breed makeup of calves along with that of their sire and dam was documented by 

the enrolling producers (n = 305).  Dams were identified by breed, but not by percentage of 

breed and were not registered within respective breed associations.  Upon arrival to the feedlot, 

cattle were sorted into groups to be fed for the finishing period.  Cattle were sorted into pens 

based on weight and expected terminal endpoint.  Upon finishing, fed cattle were sorted up to 

three times to market cattle of acceptable composition for harvest.  The endpoint of fed cattle 

was achieved when animals reached about 1.27 cm of CFAT. 

Distributions for IBW, FBW, CFAT, CMAR and CREA were investigated with non-

parametric exploratory data analyse as described by Ott (1993).  The central location (median), 

degree of dispersion (spread) and skewness, and the presence of outliers for each trait were 



 

60 
 

determined.  Distributions of all traits were continuously distributed and biologically sensible, 

without clear breaks throughout the range of the data.  No extreme outliers were identified.  

Histograms of all traits appeared to follow a normal distribution although CFAT, CMAR and 

CREA appeared to be slightly right-skewed.  A log-transformation of the CFAT did not 

substantially alter the shape of its distribution. 

  Contemporary groups were developed with information provided for each animal.  

Contemporary group was a concatenation of birth year (2001-2005), birth season, owner, pen 

within feedlot, breed of dam and gender (steer or heifer).  Birth season was categorized into three 

classes: January-April, May-August, and September-October.  Owner was included to explain 

the pre-weaning and post-weaning environment that cattle from a particular source were exposed 

to preceding delivery to the feedlot.  Pen within feedlot was included to characterize variation 

common to animals in a pen within a feedlot during the feeding period.  Since all dams were 

unregistered and without pedigrees, a breed of dam effect was included to explain fixed variation 

attributed to the breed-type of the dam of each animal.  Breed of dam categories were: 1) British, 

2) Continental, 3) British-Continental cross, 4) British-Zebu cross, 5) Angus cross and 6) 

unknown.  Age of dam was not considered since it was available only on 12% of animals.  

Harvest date was not included to allow for larger numbers of animals within CG. 

Statistical analyses were conducted using ASReml3 (Gilmour et al., 2009).  The IBW 

was adjusted for the initial age at delivery, nested within a year-season of delivery, using linear 

and quadratic regression.  Delivery season was categorized as: S1) January-April, S2) May-

August and S3) September-December.  Scatter plot analysis determined that animal within year 

of delivery could be separated into three seasons due to clear breaks in the frequency of animals 

arriving at the feedlot.  As expected, the majority of cattle arrived during October and November 
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within each year, suggesting weaning events in spring calving herds were followed directly by 

placement in a feedlot.  Smaller numbers of cattle were sent to the feedlot during S1 and S2, 

possibly due to weaning in fall calving herds or backgrounding of calves from spring calving 

herds.  Each delivery year-season group was required to have at least 5 animals.   

Measures of FBW, CFAT, CMAR and CREA were adjusted to a final age at slaughter, 

nested within a year-season of slaughter effect.  A linear and quadratic regression of a trait on 

slaughter age was fitted.  Slaughter season was categorized as: S1) January-June and S2) July-

December.  Scatter plot analysis suggested a logical break in the middle of the year for slaughter 

weight categorization.  The majority of cattle were slaughtered in the S1 period, likely coinciding 

with the harvest of spring-born cattle that were sent to the feedlot in the fall after weaning and 

finished over the winter.  Each slaughter year-season group was required to have at least 5 

animals.  Alternatively, in defining the biological endpoint of cattle for slaughter, CFAT was 

deemed a logical covariate for traits measured at harvest, in particular FBW, CMAR and CREA.    

Of the initial 11,976 records available, data on 2,183 steers and 418 heifers remained 

after editing.  Editing rules entailed removing: i) animals without an American Angus 

Association registered sire, ii) animals without a record for any of the 5 measured traits, iii) 

contemporary groups of less than 5 animals, iv) sire progeny groups of less than 5 animals, and 

v) animals differing by more than 150 days of age from their respective delivery month/year and 

slaughter month/year group mean.  Step i reduced the number of animal from 11,976 to ~ 3,800.  

Steps iii and iv reduced the number of animals from ~ 3,800 to ~ 2,600.  Editing steps ii and v 

accounted for only a small reduction in animal records.  The final data consisted of 2,601 feedlot 

weight and carcass records from steer and heifer calves dispersed across 193 contemporary 

groups and sired by 188 Angus bulls that were all born after 1990.  The 193 contemporary 
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groups comprised: 5 birth years, 3 birth seasons, 85 owners and 93 pens within 10 feedlots.  The 

6 breed of dam classifications included 1,677 British, 90 Continental, 235 British-Continental 

cross, 64 British-Zebu cross, 246 Angus cross and 289 unknown in the final data. 

Both univariate and bivariate sire and animal models were fit using ASReml3 (Gilmour 

et al., 2009) for each of the five traits.  Dam information on steers and heifers was not available, 

and therefore dams were assumed unknown in the animal model.  Considering the unknown 

dams for the Tri-County animals, the difference in models was attributed to the inclusion of 

paternal grandparents in the animal model through pedigree information supplied from the 

American Angus Association (AAA).  The pedigree file consisted of 560, 511 animals.  Each 

animal in the data set was included in the pedigree file, along with at least their sire, paternal 

grand-sire and paternal grand-dam; potentially up to 8 ancestral generations of relationships were 

available.  

  The following model was used to estimate genetic parameters for dependent variables 

under a model with age adjustment for IBW, FBW, CFAT, CMAR and CREA: 

yijk = μ + CGi + Age(Season-Year)k + Age2(Season-Year)k + Sirej +  eijk, 

where μ was the mean of  dependent variable yijk measured on calf k, in contemporary group 

(CG) i, with linear [Age(Season-Year)] and quadratic [Age2(Season-Year)] effects of slaughter 

age within season-year combination.  Age was either that at delivery or slaughter. Sire and 

residual (eijk) were fitted as random effects.  For the animal model, animal rather than sire was 

fitted as a random effect. 

The following model was used to estimate genetic parameters for dependent variables 

under a sire model with fat adjustment for FBW, CMAR and CREA: 

yijk = μ + CGi + CFAT(Season-Year)k + Sirej +  eijk, 
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where μ was the mean of the dependent variable yijk measured on calf k, in CG i, with linear 

[CFAT(Season-Year)] effects of CFAT within season-year combination.  Sire and residual (eijk) 

were fitted as random effects.  For the animal model, animal rather than sire was fitted as a 

random effect.  

 For univariate sire models, variance components estimates were used to calculate 

heritability as the ratio of (4 X VS)/VP, where VS, sire variance, and VP, phenotypic variance 

were estimate from ASReml3 (Gilmour et al., 2009). For bivariate models, both genetic and 

phenotypic correlations were estimated for all trait combinations. 

 

RESULTS AND DISCUSSION 
 
 

 Traits of interest along with their acronym and description are listed in Table 2.1.  

Descriptive statistics were calculated using the UNIVARIATE procedure in SAS (SAS Inst. Inc., 

Cary, NC) to describe phenotypic observations of feedlot animals by gender (Table 2.2).  Steers 

were heavier coming into the feedlot yet exhibited a slightly lower CV than heifers for IBW.  

Steers were also heavier at harvest, with a similar CV to heifers.  Heifers tended to have slightly 

more CFAT at slaughter than steers, which was also reported by Garcia et al. (2008).  The trait 

CFAT exhibited a much higher CV than the other 4 traits.  Heifers also exhibited superior 

carcass quality at slaughter as indicated by CMAR equivalent to the low end of modest marbling.  

Garcia et al. (2008) reported similar CMAR mean values; however they showed steers to have 

slighter higher marbling scores.  Steers had larger CREA and greater spread in CREA than 

heifers.  Garcia et al. (2008) reported industry average CREA of about 5-10 cm2 larger than this 

study, with steers larger than heifers.  This difference could potentially be attributed to 

differences in age, or the larger representation of continental genetics within industry as 
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compared to the largely Angus influenced animals represented in this study.  All phenotypic 

measurements were consistent with values reported by Reinhardt et al. (2009) on a larger sample 

of animals from the same data used in this study.  Similarly, differences between genders for 

feedlot growth and carcass traits were consistent with those of Reinhardt et al. (2009). 

 Details of cattle age at time of delivery are described in Table 2.3.  A large portion of the 

calves were received into feedlots during the final four months of the year, which may have 

coincided with placement of newly weaned calves from spring calving herds.  More calves were 

sent to the feedlot in the second period of each year than the first.  Furthermore, the ages of 

calves acquired in the initial four months of the each year appeared older than the following two 

periods.  This could be attributed to a background or stocker phase that followed weaning in 

spring calving cow herds, rather than direct feedlot placement.  The overall average age of 

delivered cattle suggests that many herds either weaned calves about two months past the 

traditional 205 day, or that calves as norm underwent a stocker or background phase before being 

sent to the feedlot. 

 The age of cattle at slaughter (Table 2.4) clearly reveals that the majority of shipments of 

finished cattle to the packer occurred within the first 6 mo of the year.  No clear pattern was 

apparent for age of cattle from season to season or year to year.  Overall the data suggests that 15 

mo was a very common age at slaughter for these cattle.  

 Variances and covariances among the traits from the fit of the sire and animal models are 

provided in the Appendix. 

 Sire model heritabilites adjusted for either age at delivery or slaughter (Table 2.5) for 

IBW, FBW, CFAT, CMAR and CREA were 0.51 ± 0.11, 0.44 ± 0.10, 0.24 ± 0.08, 0.43 ± 0.10, 

and 0.39 ± 0.10, respectively.  With the exception of CFAT, all traits appeared highly heritable.  
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Comparable estimates of FBW, CMAR, and CREA (Table 2.6) adjusted for CFAT were 0.41 ± 

0.10, 0.48 ± 0.10 and 0.38 ± 0.09, respectively, indicating a slightly lower and higher heritability 

for FBW and CMAR respectively, with little difference for CREA, for age versus CFAT 

adjustment (Table 2.6).  Together these results suggest that all five traits were moderately to 

highly heritable.  When fitting a sire model, Rios-Utrera et al. (2005) also reported that estimates 

of age- and fat-adjusted heritability were very similar for CREA, but age-adjusted estimates were 

slightly higher than fat-adjusted estimates for CMAR.   

The IBW heritability in this study is similar to sire-model estimates for weaning weight 

of Knights et al. (1984) in Angus, but higher than estimates of Alenda et al. (1987) in Angus and 

Gregory et al. (1996) in a multi-breed population.  Heritability of FBW from our data agreed 

with sire model estimates of Angus yearling weight by Knights et al. (1984) and Alenda et al. 

(1987) (males), but was higher than the female estimate of Alenda et al. (1987).  As compared 

with other studies, our heritability estimate of CFAT was near the multi-breed sire model 

estimate of Gregory et al. (1995), but lower than those of Hirooka et al. (1996) in Japanese 

Brown, Wheeler et al. (1996) in a multi-breed population, and Pariacote et al. (1998) in 

Shorthorns.  Sire model estimates of heritability for CMAR obtained by Hirooka et al. (1996), 

Gregory et al. (1995) and Barkhouse et al. (1996) were in close agreement to those obtained in 

the current study.  However, our estimate of CMAR was lower than those of Wheeler et al. 

(1996) and Pariacote (1998).  Our sire model estimate of the heritability of CREA in Angus 

feedlot cattle aligned closely with that of Hirooka et al. (1996), was higher than the multi-breed 

estimate of Gregory et al. (1995), yet lower than the value obtained by Wheeler et al. (1996) in a 

multi-breed study.   
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Sire model genetic correlations adjusted for age (Table 2.5) or CFAT (Table 2.6) suggest 

calves with heavier IBW would also be heavier at slaughter.  This corresponds with strong, 

positive genetic correlations between weaning and yearling weights of 0.79 (Knights et al., 

1984), 0.89 ± 0.05 in males and 0.76 ± 0.07 in females (Alenda et al., 1987), 0.84 (Smith et al., 

1989a), and 0.80 (Smith et al., 1989b), but was much higher than the sire model estimate of 0.06 

(Arnold et al., 1991).  Our estimate of the relationship between IBW and CFAT was not different 

from zero and fell between the higher estimate of 0.13 ± 0.53 (Lamb et al., 1990) and the lower 

estimate of -0.28 (Arnold et al., 1991) between weaning weight and CFAT.  Similarly our 

relationship between IBW and CMAR was non-significant, but was lower than the weaning 

weight and CMAR estimates of -0.01 (Arnold et al., 1991), 0.16 (Woodward et al., 1992) and 

0.71 ± 0.24 (Lamb et al., 1990).  Animals that are heavier when acquired by the feedlot (IBW) 

would be expected to harvest with larger CREA which was supported by the correlation between 

weaning weight and CREA of 0.43 ± 0.42 (Lamb et al., 1990) and 0.33 (Arnold et al., 1991).  

Furthermore, steers and heifers with heavier FBW should have appreciably larger CREA, which 

is contradictory to the yearling weight and CREA estimate of -0.06 (Arnold et al, 1991).  Our 

non-significant genetic correlation estimate between FBW and CFAT was opposite in direction 

from the yearling weight and CFAT value of -0.13 (Arnold et al., 1991).  The covariation in this 

study, between FBW and CMAR was similar to the value 0.20 (Arnold et al., 1991) relating 

yearling weight and CMAR.  Both genetically and phenotypically, animals with greater CFAT 

would be expected to have moderately smaller CREA, which agreed with estimates of -0.44 ± 

0.18 (Koch et al., 1982), -0.37 (Arnold et al., 1991), -0.12 ± 0.06 (Hirooka et al., 1996), -0.43 ± 

0.17 (Wheeler et al., 1996) and -0.31 ± 0.23 (Pariacote et al., 1998).  Cattle exhibiting a greater 

propensity for CMAR may also possess slightly larger CREA in the cooler.  This agreed with 
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reported values of Lamb et al. (1990), Veseth et al. (1993) and Hirooka et al. (1996), but differs 

in direction from Wheeler et al. (1996).   

 Animal model heritabilites adjusted for age (Table 2.7) for IBW, FBW, CFAT, CMAR, 

CREA were 0.52 ± 0.11, 0.46 ± 0.10, 0.24 ± 0.08, 0.45 ± 0.10, and 0.40 ± 0.10, respectively.  

With the exception of CFAT, all traits appeared highly heritable.  Comparable estimates of 

FBW, CMAR, and CREA (Table 2.8) adjusted for CFAT were 0.43 ± 0.10, 0.49 ± 0.10 and 0.38 

± 0.10, respectively.  Those estimates indicated a slightly lower heritability for FBW and CREA, 

and a higher heritability for CMAR, with CFAT versus age adjusted estimates.  As noted earlier, 

the close agreement of heritability estimates between age and fat adjusted values were consistent 

with the findings of Rumph et al. (2007) in Simmental cattle.  The animal model heritability of 

IBW agreed with Johnson et al. (1993) and Kaps et al. (2000), but was larger than Splan et al. 

(2002), Vergara et al. (2009), and Brandt et al. (2010).  Estimates of market weight heritability in 

Japanese Black cattle (Shojo et al., 2006) were lower than this study for what may be considered 

a similar measure as FBW.  Comparing our heritability estimate for FBW with animal model 

estimates for yearling weights shows agreeable results by Moser et al. (1998) and Kaps et al. 

(2000).  Our estimate of CFAT heritability agreed with animal model estimates of Moser et al. 

(1998) and Reverter et al. (2000), but was lower than Devitt et al. (2001), Kemp et al. (2002), 

Riley et al. (2002), Splan et al. (2002), Crews et al. (2003) and Shojo et al. (2006).  Reported 

estimates of CMAR heritability by Reverter et al. (2000), Devitt et al. (2001), Kemp et al. 

(2002), Riley et al. (2002), Splan et al. (2002), Shojo et al. (2006) and Crews et al. (2003) agreed 

with the estimates in our study, but a slightly higher estimate was obtained by Shojo et al. 

(2006).  Animal model estimates of CREA heritability from Moser et al. (1998), Reverter et al. 

(2000), Devitt et el. (2001), Kemp et al. (2002), Riley et al. (2002), Crews et al. (2003) and 
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Shojo et al. (2006) concurred with our results, but higher estimates were computed by Splan et 

al. (2002) and Shojo et al. (2006). 

Animal model genetic correlation (Tables 2.7) between IBW and FBW exhibited very 

strong, positive covariation suggesting cattle received heavier at delivery would also weigh more 

at slaughter.  This was confirmed by animal model estimates between weaning and yearling 

weight of Johnson et al. (1993) and Kaps et al. (2000).  The genetic correlation between IBW 

and CFAT, although positive, was not different from zero and lower than the weaning weight-

CFAT estimate of Splan et al. (2002).  Similarly, the relationship between IBW and CMAR was 

non-significant, but was the same estimate as obtained by Splan et al. (2002) when comparing 

weaning weight and CMAR.  Increased IBW also appeared to be moderately related to larger 

CREA in finished cattle, which agreed with Splan et al. (2002).  Our genetic correlation of FBW 

and CFAT was non-significant and in the opposite direction of Moser et al. (2002).  Increases in 

FBW were weakly associated with increases in CMAR in this study, when adjusted for either 

slaughter age or CFAT.  When adjusted for slaughter age or CFAT, heavier FBW was strongly 

related to larger CREA, as confirmed by Moser et al. (1998).  Steers and heifers with deeper 

CFAT would also be expected to have smaller CREA, thereby posing cutability and yield grade 

problems.  This assertion agreed with the -0.20 estimate of Kemp et al. (2002), but counters an 

estimate of 0.28 by Reverter et al. (2002).  Calves that appeared more likely to attain higher 

quality grades due to increased CMAR would also have larger CREA.  Genetic correlations of 

0.28 (Reverter et al., 2002) and 0.44 (Riley et al., 2002) suggest the same, although Reverter et 

al. (2002; -0.50) and Devitt et al. (2001; -0.61 ± 0.09) found the direction of this relationship to 

be opposite (negative) and strong.  Large SE of genetic correlations for sire and animal models 
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compared to SE of phenotypic correlations were likely due to the absence of dam pedigree 

information on Tri-County animal, as well as the modest size of our edited final data. 

 
 

IMPLICATIONS 
 
 

 This study shows that Tri-County producers are doing an excellent job of producing 

genetics that are comparable to industry averages for end-product merit.  Estimates of 

heritabilities and phenotypic genetic correlations with age versus CFAT adjustments were 

similar in size.  The moderate to high heritabilities in Angus sired cattle for performance traits in 

the feedlot indicate selection will result in good rates of response in feedlot growth and carcass 

characteristics.  Genetic correlations suggest that weight traits display strong, positive 

covariation with one another, and with measures of CREA.  Producers must exercise caution in 

selection for CFAT and CREA due to the negative genetic correlation between them.  
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Table 2.1 Description of acronyms 
Trait Description 
IBW Initial body weight at delivery, kg 
FBW Final body weight at slaughter, kg 
CFAT Carcass backfat thickness at 12th rib, cm
CMAR Carcass marbling score at 12th rib, score 
CREA Carcass ribeye area at 12th rib, cm2 
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Table 2.2 Descriptive statistics for traits measured within sex in Tri-County Steer Carcass 
Futurity cattle 
Trait1 Sex2 N Mean  SD CV% Min Max 
IBW (kg)            S 2,183 288.9 40.3 13.96 166.4 432.7
                            H 418 270.9 44.5 16.42 175.5 427.3
FBW (kg)           S 2,183 543.3 46.4 8.54 349.1 719.5
                            H 418 494.1 35.8 7.25 410.5 625.9
CFAT (cm)         S 2,183 1.21 0.33 27.32 0.25 2.54 
                            H 418 1.29 0.34 26.06 0.51 2.41 
CMAR (score)3  S 2,183 1056.7 89.2 8.44 800 1470 
                            H 418 1100.3 97.0 8.81 910 1480 
CREA (cm2)       S 2,183 79.2 7.2 9.05 48.4 111.0
                            H 418 75.7 5.7 7.47 58.7 92.3 
1IBW = Initial BW at delivery, FBW = final BW, CFAT = carcass backfat thickness at 12th rib, 
CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
2S = Steer (n = 2,183), H = Heifer (n = 418) 
3Marbling score: 1000 = Small0 
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Table 2.3 Descriptive statistics for ages (d) of delivery by season-year category  
Season-Year1 n Mean  SD CV% Min Max
S2-’02  239 289.0 33.6 11.6 195 352 
S3-’02  294 297.7 44.8 15.0 188 413 
S1-’03  27 324.0 42.5 13.1 271 446 
S2-’03  199 277.5 43.4 15.6 201 361 
S3-’03  344 296.2 53.8 18.2 198 444 
S2-’04  51 371.1 58.4 15.7 287 486 
S3-’04  610 276.2 38.5 14.0 191 425 
S1-’05  41 382.5 58.2 15.2 291 489 
S2-’05  85 257.4 24.1 9.4 200 299 
S3-’05 676 282.8 39.4 13.9 201 423 
S1-’06  35 369.5 77.0 20.8 276 489 
Total 2601 289.0 48.1 16.7 188 489 
1S1 = January-April, S2 = May-August, S3 = September-December 
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Table 2.4 Descriptive statistics for ages (d) of slaughter by season-year category 
Season-Year1 n Mean SD  CV% Min Max
S2-’02  8 460.5 7.2 1.6 452 469 
S1-’03  538 469.0 40.4 8.6 363 570 
S2-’03  98 429.5 39.6 9.2 376 578 
S1-’04  459 468.8 44.7 9.5 363 591 
S2-’04  43 501.5 58.0 11.6 413 632 
S1-’05  624 441.0 41.8 9.5 360 567 
S2-’05  99 460.8 70.6 15.3 368 639 
S1-’06  732 454.9 47.3 10.4 358 599 
Total  2601 457.0 47.1 10.3 358 639 
1S1 = January-June, S2 = July-December 
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Table 2.5 Sire model heritabilities, and genetic and phenotypic correlations with IBW adjusted 
for delivery age, and FBW, CFAT, CMAR and CREA adjusted for slaughter age1  

Trait IBW2 FBW CFAT CMAR CREA 
IBW 0.51 (0.11) 0.69 (0.09) 0.05 (0.20) -0.14 (0.17) 0.33 (0.16) 
FBW 0.65 (0.02) 0.44 (0.10) 0.15 (0.20) 0.18 (0.17) 0.64 (0.12) 
CFAT 0.07 (0.02) 0.15 (0.02) 0.24 (0.08) -0.11 (0.20) -0.32 (0.19) 
CMAR -0.07 (0.03) 0.04 (0.03) 0.12 (0.02) 0.43 (0.10) 0.23 (0.18) 
CREA 0.28 (0.02) 0.41 (0.02) -0.11 (0.02) -0.03 (0.03) 0.39 (0.10) 

1Heritabilities are in bold along the diagonal, genetic correlations are above the diagonal and 
phenotypic correlations are below the diagonal. 
2IBW = Initial BW at delivery, FBW = final BW, CFAT = carcass backfat thickness at 12th rib, 
CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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Table 2.6 Sire model heritabilities, and genetic and phenotypic correlations adjusted for CFAT1  
Trait FBW2 CMAR CREA 
FBW 0.41 (0.10) 0.26 (0.17) 0.69 (0.11) 

CMAR 0.06 (0.03) 0.48 (0.10) 0.26 (0.17) 
CREA 0.44 (0.02) -0.01 (0.03) 0.38 (0.09) 

1Heritabilities are in bold along the diagonal, genetic correlations are above the diagonal and 
phenotypic correlations are below the diagonal. 
2FBW = final BW, CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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Table 2.7 Animal model heritabilities, and genetic and phenotypic correlations with IBW 
adjusted for delivery age, and FBW, CFAT, CMAR and CREA adjusted for slaughter age1 

Trait IBW2 FBW CFAT CMAR CREA 
IBW 0.52 (0.11) 0.70 (0.09) 0.02 (0.20) -0.12 (0.17) 0.34 (0.26) 
FBW 0.65 (0.02) 0.46 (0.11) 0.15 (0.21) 0.20 (0.17) 0.64 (0.12) 
CFAT 0.07 (0.03) 0.15 (0.02) 0.24 (0.08) -0.08 (0.21) -0.32 (0.20) 
CMAR -0.07 (0.03) 0.05 (0.03) 0.12 (0.02) 0.45 (0.10) 0.24 (0.18) 
CREA 0.28 (0.02) 0.41 (0.02) -0.11 (0.02) -0.03 (0.03) 0.40 (0.10) 

1Heritabilities are in bold along the diagonal, genetic correlations are above the diagonal and 
phenotypic correlations are below the diagonal. 
2IBW = Initial BW at delivery, FBW = final BW, CFAT = carcass backfat thickness at 12th rib, 
CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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Table 2.8 Animal model heritabilities, and genetic and phenotypic correlations adjusted for 
CFAT1 

Trait FBW2 CMAR CREA 
FBW 0.43 (0.10) 0.26 (0.17) 0.68 (0.11) 

CMAR 0.06 (0.03) 0.49 (0.10) 0.26 (0.18) 
CREA 0.44 (0.02) -0.01 (0.03) 0.38 (0.10) 

1Heritabilities are in bold along the diagonal, genetic correlations are above the diagonal and 
phenotypic correlations are below the diagonal. 
2FBW = final BW, CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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APPENDIX 
 

 
Appendix Table 2.1. Sire model phenotypic and genetic (co)variances of IBW adjusted for 
delivery age, and FBW, CFAT, CMAR and CREA adjusted for slaughter age1 
Phenotypic 

var. 
IBW2 FBW CFAT CMAR CREA 
697.5 1445 0.09090 6576 38.77 

IBW 88.72 88.04 0.03570 -34.32 6.150 
FBW 664.0 164.2 0.1365 61.18 16.23 
CFAT 0.5574 1.713 0.005480 -0.212 -0.04796 
CMAR -149.9 122.5 2.936 712.91 12.03 
CREA 46.05 96.62 -0.2066 -15.11 3.885 

1Genetic variances are in bold along the diagonal, genetic covariances are above the diagonal and 
phenotypic covariances are below the diagonal. 
2IBW = Initial BW at delivery, FBW = final BW, CFAT = carcass backfat thickness at 12th rib, 
CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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Appendix Table 2.2. Sire model phenotypic and genetic (co)variances adjusted for CFAT1 
Phenotypic 

var. 
FBW2 CMAR CREA 
1478 6729 39.0042 

FBW 152.8 89.73 16.72 
CMAR 188.2 798.7 14.12 
CREA 105.3 -5.091 3.776 

1Genetic variances are in bold along the diagonal, genetic covariances are above the diagonal and 
phenotypic covariances are below the diagonal. 
2FBW = final BW, CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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Appendix Table 2.3. Animal model phenotypic and genetic (co)variances of IBW adjusted for 
delivery age, and FBW, CFAT, CMAR and CREA adjusted for slaughter age1 
Phenotypic 

var. 
IBW2 FBW CFAT CMAR CREA 
699.0 1456 0.09100 6611 38.96 

IBW 362.0 368.2 0.04829 -128.6 25.60 
FBW 666.9 695.7 0.5855 275.2 67.98 
CFAT 0.4937 1.717 0.02200 -0.6187 -0.1925 
CMAR -150.3 154.2 2.943 2967 50.34 
CREA 46.27 97.32 -0.2071 -15.19 16.01 

1Genetic variances are in bold along the diagonal, genetic covariances are above the diagonal and 
phenotypic covariances are below the diagonal. 
2IBW = Initial BW at delivery, FBW = final BW, CFAT = carcass backfat thickness at 12th rib, 
CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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Appendix Table 2.4. Animal model phenotypic and genetic (co)variances adjusted for CFAT1 
Phenotypic 

var. 
FBW2 CMAR CREA 
1480 6756 39.06 

FBW 636.7 373.0 69.24 
CMAR 189.2 3281 57.38 
CREA 105.9 -5.113 15.41 

1Genetic variances are in bold along the diagonal, genetic covariances are above the diagonal and 
phenotypic covariances are below the diagonal. 
2FBW = final BW, CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
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CHAPTER 3: GENETIC EVALUATION OF ECONOMICALLY RELEVANT 
 

TRAITS IN PUREBRED ANGUS CATTLE FROM AMERICAN ANGUS  
 

ASSOCIATION 
 
 
 

ABSTRACT 
 
 

 The objective of the study was to characterize the selection progress that can be made 

within the Angus breed for five traits: weaning weight (WW), yearling weight (YW), and 

ultrasound measures of backfat thickness at 12th rib (UFAT), intramuscular fat percentage 

(UMAR) and ribeye area at 12th rib (UREA).  To develop understanding of the genetic 

component of each trait that would be transmitted from parent to progeny, the heritability of each 

trait was computed using both sire and animal models.  In examining the relationship between 

traits, genetic and phenotypic correlations were calculated to understand what impact selection 

for a single trait would have on separate traits.  Data was acquired from the American Angus 

Association (AAA) for WW (139, 602 bulls, 130,994 heifers and 6,656 steers), YW (85,702 

bulls, 76,603 heifers and 1,980 steers) and UFAT, UMAR and UREA (62,752 bulls and 45,958 

heifers).  Phenotypic and genetic (co)variance components were obtained using ASREML3 

fitting both univariate and bivariate sire and animal models for all combinations of the traits.  

Models included contemporary group (CG) for the age adjusted response variables WW, YW, 

UFAT, UMAR and UREA.  Sire model heritability estimates of WW, YW, UFAT, UMAR and 

UREA were 0.10 ± 0.02, 0.12 ± 0.02, 0.29 ± 0.04, 0.32 ± 0.05, and 0.22 ± 0.04, respectively.  

Corresponding animal model heritability estimates of WW, YW, UFAT, UMAR and UREA 

were 0.34 ± 0.01, 0.53 ± 0.01, 0.50 ± 0.01, 0.38 ± 0.01 and 0.40 ± 0.01, respectively. 

Heritabilities estimated with the animal model were consistently larger and more accurate (lower 
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SE) than those obtained with the sire model.  Animal model heritability estimates indicated clear 

opportunity for genetic progress for growth traits; similarly, ultrasound measured traits appeared 

amenable to selection.  Sire model genetic correlations were: 0.89 ± 0.03 between WW and YW, 

0.04 ± 0.12 between WW and UFAT, 0.01 ± 0.12 between WW and UMAR, 0.16 ± 0.12 

between WW and UREA, 0.08 ± 0.12 between YW and UFAT, 0.06 ±0.12 between YW and 

UMAR, 0.19 ± 0.12 between YW and UREA, 0.11 ± 0.12 between UFAT and UMAR, -0.07 ± 

0.12 between UFAT and UREA, and 0.13 ± 0.12 between UMAR and UREA.   Sire model 

genetic correlations signified positive associations among weight and muscling characteristics, 

which are beneficial in beef cattle selection programs.  Animal model genetic correlations were: 

0.97 ± 0.01 between WW and YW, 0.35 ± 0.02 between WW and UFAT, 0.14 ± 0.03 between 

WW and UMAR, 0.58 ± 0.02 between WW and UREA, 0.20 ± 0.02 between YW and UFAT, 

0.07 ± 0.02 between YW and UMAR, 0.46 ± 0.02 between YW and UREA, 0.31 ± 0.02 between 

UFAT and UMAR, 0.11 ± 0.03 between UFAT and UREA, and -0.01 ± 0.03 between UMAR 

and UREA.  Since the direction of some of these relationships may be antagonistic to the goals 

of breeding programs, for instance between weight and fatness, such correlations require 

attention when making selection decisions in registered Angus herds.  . 

 
 

INTRODUCTION 
 
 

 Historically, BW at weaning (WW) and yearling (YW) age have been critical to beef 

cattle production systems since weight gain post-weaning is economically relevant when selling 

animals.  With the introduction of value-added beef products that link price to carcass quality, 

selection pressure has partially shifted from weight to carcass merit.  This type of marketing 

corresponds to the increased popularity of grid marketing systems (Schroeder et al., 2002), 
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whereby a base carcass price is established before either premiums or discounts are applied 

depending on carcass weight, quality and yield of red meat.  If commercial producers choose to 

retain ownership or feedlots elect to own cattle, it becomes important to document the genetic 

potential of animals and how they will be expected to perform on a value-based marketing 

system.  The American Angus Association has developed EPD for WW, YW, and ultrasound 

subcutaneous fat at the 12th rib (UFAT), intramuscular fat percentage (UMAR), and ribeye area 

at the 12th rib (UREA) to address these considerations and provide estimates of genetic potential 

for animals whose progeny may be marketed by weight or on a carcass merit basis. 

 The objective of the study was to characterize the selection progress that can be made 

within the Angus breed for five traits: WW, YW, UFAT, UMA, and UREA.  To develop an 

understanding of the genetic component of each trait that would be transmitted from parent to 

progeny, the heritability of each trait was computed using both sire and animal models.  In 

examining the relationship between traits, genetic and phenotypic correlations were calculated to 

understand what simultaneous impact selection for a certain trait will have on other phenotypic 

and genotypic characteristics.  Understanding such relationships would aid beef cattle producers 

in making effective selection decisions that improve genetic merit for a compliment of traits. 

 
 
 

MATERIALS AND METHODS 
 
 

The data consisted of Angus bulls (n = 325,544), heifers (n = 315,914) and steers (n = 

20,465), with performance records reported to the American Angus Association (AAA) between 

1980 and 2008.  Measures of WW, YW, UFAT, UMAR and UREA were either from an AAA 

sponsored sire evaluation program, or submitted directly by members who had obtained the data 
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using a variety of commercial and private services.  Animals included in the data had both sire 

and dam uniquely identified and registered with AAA.     

All WW records were adjusted to 205 d of age, with the weights provided by AAA those 

collected in calves between 120 and 280 days of age.  Weaning ages were not obtained.  The 

WW contemporary groups were defined as the concatenation of weaning herd, processing date, 

lot ID, management group (creep fed, non-creep fed) and gender.    

All YW records were adjusted to 365 d of age.  The weights provided by AAA were for 

calves weighed between 320 and 440 d of age, although ages were not obtained.  The YW 

contemporary groups were defined as the concatenation of weaning contemporary group, 

yearling herd, yearling processing date, yearling lot ID, yearling management group (creep fed, 

non-creep fed) and gender.   

Ultrasound records of UFAT, UMAR, and UREA were also obtained.  Ultrasound 

images were collected by certified field technicians.  Results from ultrasonic scanning of 

yearling Angus bulls, heifers, and steers were interpreted through centralized processing labs and 

reported to AAA for use in genetic evaluation.  Ultrasound records were adjusted to 365 d of age 

for bulls, with an acceptable reporting age range of 320-440 d, and to 390 d of age for heifers, 

with an age range of 320-460 d.  Again, ages were not obtained.  There were no ultrasound 

measurements on steers.  Ultrasound contemporary groups are defined as the concatenation of 

ultrasound herd, weaning herd, processing date, lot ID, scanning date, technician, management 

group, test type (Ranch Test, Central Test, Developing Heifers, Feedlot), diet (Unknown, 0% 

concentrate, ≤ 50% concentrate, >50% concentrate) and gender. 

Distributions for WW, YW, UFAT, UMAR and UREA were investigated with non-

parametric exploratory data analysis as described by Ott (1993).  The central location (median), 
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degree of dispersion (spread) and skewness, and the presence of outliers, for each trait were 

determined.  Distributions for dependent variables of all traits did not appear to have clear breaks 

through the range of the data and were biologically sensible.  No extreme outliers were 

identified.  Histograms of distribution of WW, YW, UFAT, UMAR and UREA appeared normal, 

although UFAT and UMAR were slightly right-skewed.  Log-transformation of UFAT did not 

substantially alter the shape of the distribution. 

Growth and ultrasound performance records provided by AAA were edited to remove: i) 

contemporary groups of less than 5 animals, ii) sire progeny groups of less than 5 animals, iii) 

animals missing any ultrasound measurement, iv) animals with a YW, but without a WW record, 

and v) progeny from sires born after 1990.  The age restriction on sires was to correspond with 

the birth of the oldest sire in the Tri-County Steer Carcass Futurity data of Chapter 2.  The final 

WW data consisted of 277,202 total records comprised of 139,602 bulls, 130,994 heifers and 

6,656 steers dispersed among 24,199 contemporary groups and sired by 149 Angus bulls.  The 

final YW data consisted of 164,285 total records comprised of 85,702 bulls, 76,603 heifers and 

1,980 steers dispersed among 14,496 contemporary groups and sired by 131 Angus bulls.  The 

final ultrasound data consisted of 108,710 total records comprised of 62,752 bulls and heifers 

45,958 heifers dispersed among 9,257 contemporary groups and sired by 111 Angus bulls. 

 Univariate and bivariate sire models were fit for the dependent variables WW, YW, 

UFAT, UMAR and UREA as follows: 

yijk = µ + CGi + Sirej + eijk, 

where µ was the mean for dependent variable yijk measured on calf k, in contemporary group i, 

from sire j.  Sire and residual (eijk) were fitted as random effects. 

Additionally, both a univariate and bivariate animal model for WW was fitted as follows: 
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yijk = µ +CGi + Animalk + Damj +eijk, 

where animal rather than sire was fitted as a random direct additive effect and dam was fitted as 

a random maternal environmental effect.   The maternal environmental effect was fitted for WW 

to explain variability attributed to dam’s mothering ability. 

Finally, both univariate and bivariate animal models were fitted for YW, UFAT, UMAR, 

and UREA as follows: 

yijk = µ +CGi + Animalj + eijk, 

where animal rather than sire was fitted as a random effect.  

For univariate sire models, variance components estimates were used to calculate 

heritability as the ratio of (4 X VS)/VP, where VS, sire variance, and VP, phenotypic variance 

were estimate from ASReml3 (Gilmour et al., 2009). For bivariate models, both genetic and 

phenotypic correlations were estimated for all trait combinations.  Pedigree data was provided by 

AAA.  Each animal with data was included in the pedigree file along with, as a minimum, their 

sire, dam, paternal grand-sire, paternal grand-dam, maternal grand-sire and maternal grand-dam. 

Maternal grand-dam was included in the pedigree to account for variation in WW provided by 

the maternal environment by the dams of AAA calves.  Some individuals had ancestral 

information extending up to 8 generations.  The final pedigree file contained 560,511 individual 

animals.   

 
 
 

RESULTS AND DISCUSSION 
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The description and acronym for each trait of interest was included in Table 3.1.  

Summary statistics (Table 3.2) were computed with the UNIVARIATE procedure of SAS (SAS 

Inst. Inc., Cary, NC).  The WW tended to be heavier in bulls, with heifers and steers lighter and 

similar in weight.  For WW the CV was similar among bulls and heifers, but slightly higher in 

steers.  For YW bulls were still heavier but, in contrast to WW, steers weighed more than heifers.  

The CV for steers again exceeded that of heifers and bulls, although by a small margin.  Bulls 

were slightly fatter than heifers at their respected adjusted ages, although the biological range in 

measurements is similar between them.  The CV for UFAT was easily the largest of all traits, 

with heifers having a slightly higher value than bulls.  Average measures of UFAT tended to be 

less than in fed cattle obtained in Chapter 2, possibly suggesting that feedlot cattle were given 

greater opportunity to accumulate subcutaneous fat with higher energy rations.  Heifers appeared 

to have superior UMAR, indicating superior carcass quality, as compared to bulls.  Although the 

CV for UMAR was nearly identical for heifers and bulls, females exhibited a wider range of 

phenotypes.  The UREA in bulls exceeded that in heifers, with a slightly higher CV in heifers, 

but a greater range in bull measurements.  

Variances and covariances among the traits from the fit of the sire and animal models are 

provided in the Appendix.  

 Sire model estimates of heritability adjusted for age (Table 3.3) were 0.10 ± 0.02 for WW 

and 0.12 ± 0.02 for YW.  Our WW estimate was lower than the sire model estimates of Shepard 

et al. (1996) (0.20 ± 0.070, Knights et al. (1984) (0.46 ± 0.05), or those in males (0.30 ± 0.08) 

and females (0.21 ± 0.07) of Alenda et al. (1987).  Our YW heritability was also lower than that 

of Knights et al. (1984) (0.49 ±0.05), and the estimate in males (0.36 ± 0.08) of Alenda et al. 

(1987); however they were similar in magnitude those of Alenda et al. (1987) in females (0.18 ± 
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0.07).  The lower estimates obtained in the current study suggest selection to improve calf 

growth may be more challenging than previously believed.  Estimates for carcass traits were 

moderately heritable with values for UFAT, UMAR and UREA of 0.29 ± 0.04, 0.32 ± 0.05 and 

0.22 ± 0.04, respectively.  A higher heritability estimate for UFAT of 0.50 ± 0.14, and a lower 

estimate for UREA of 0.12 ± 0.06, was reported by Shepard et al. (1996).  A lower UREA 

estimate of 0.12 ± 0.06 was reported by Shepard et al. (1996).  Generally, ultrasound measured 

carcass traits are moderately heritable providing opportunities to enhance trait performance 

through selection. 

Genetic correlations under a sire model (Table 3.3) indicated strong, positive covariation 

between WW and YW, which was consistent with the estimates of Knights et al. (1984) of 0.79, 

and of Alenda et al. (1987) of 0.89 ± 0.05 in males and 0.76 ± 0.07 in females for Angus cattle.  

This suggested that cattle selected to be heavier at 205 days of age would likely be heavier at a 

year of age, possibly due to the pleiotropic effect of shared genes.  The sire model correlation 

between WW and UFAT of 0.19 of Shepard et al. (1996) was stronger than that obtained in the 

current study (0.04 ± 0.12), which was not significantly different from zero.  Shepard et al. 

(1996) also found strong, positive covariation between WW and UREA with an estimate of 0.42.  

The animal model estimates of heritabilities for WW and YW of 0.34 ± 0.01 and 0.53 ± 

0.01 (Table 3.5) were substantially higher than those under the sire model,  potentially indicating 

that additional pedigree relationships helped distinguish more genetic variation in these traits.  

From the animal model, the ratio of the maternal environmental variance to the phenotypic 

variance was 0.17 ± 0.01.  Our WW and YW estimates agreed with corresponding values in 

Angus cattle of Kaps et al. (2000), but were higher than the WW value of 0.20, and post-weaning 

gain value of 0.20, used by AAA (2010).  Heritabilities for UFAT, UMAR and UREA of 0.50 ± 
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0.01, 0.38 ± 0.01 and 0.40 ± 0.01 also indicated increases from a sire model, although more 

modest.  Similar estimates for UFAT in bulls and heifers were obtained by Reverter et al. (2000) 

and in heifers by MacNeil et al. (2008), but contrasted slightly lower values of Kemp et al. 

(2002), and MacNeil et al. (2008).  Values for UMAR ranged from lower in Australian Angus 

bulls reported by Reverter et al. (2000) to higher estimates of Reverter et al. (2000), Kemp et al. 

(2002), MacNeil and Northcutt (2008), and MacNeil et al. (2010).  The value for UREA agreed 

with estimates in bulls and heifers by Reverter et al. (2000) and animal model serial measured 

estimates in Angus bulls and heifers obtained by Hassen et al. (2004), but was slightly higher 

than the Angus steer estimate of Kemp et al. (2002) or Angus estimates shown by MacNeil et al. 

(2008).  Weight traits were highly heritable, and indicated an opportunity for cattle breeders to 

adjust to market signals relatively quickly; in a numerically large breed such as Angus, such 

would particularly be the case.  Estimates for ultrasound measurements were more modest in 

value, but would still offer opportunity for improvement from a genetic standpoint. 

A genetic correlation of 0.97 ± 0.01 between WW and YW indicated very strong 

covariation, and agreed with the estimate of 0.91 in Angus cattle of Kaps et al. (2000).  The 

AAA (2010) reports a genetic correlation between WW and post-weaning gain of 0.15.  The 

strong genetic correlation in this study is generally beneficial, unless one aimed to accelerate 

WW performance, while still trying to maintain a moderate cow size and weight at a year of age 

and thereafter at maturity.  Purebred cattle that weigh more at weaning would also have more 

UFAT from our study, which agreed with the maternal grand-sire model estimate of Shepard et 

al. (1996) (0.19), but contradicted in direction from Johnson et al. (1993) (-0.17).  Selection for 

increased WW appeared to be associated with slightly more UMAR.  Heavier WW showed 

strong covariation with UREA in these data suggesting higher-performing calves had larger 
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ribeyes.  This agreed with the values reported by Johnson et al. (1993) (0.29) and the maternal 

grand-sire model estimate of Shepard et al. (1996) (0.42).  Superior YW in Angus was 

moderately related to thicker UFAT, which was close to the estimate of Moser et al. (1998) (0.11 

± 0.12), but weaker and opposite in direction from the value obtained by Johnson et al. (1993) (-

0.53).  Again, post-weaning gain appeared to have no relationship with UMAR.  Heavier 

yearling cattle would be expected to show larger UREA, consistent with Johnson et al. (1993) 

(0.38) and Moser et al. (1998) (0.49 ± 0.07). Selection for more UFAT would be expected to 

generate moderate increases in UMAR, as was indicated by their genetic correlation of 0.31 ± 

0.02.  That estimate was comparable with Kemp et al. (2002) (0.38), but higher than those of 

Reverter et al. (2000) in bulls (0.57) and heifers (0.67).  This relationship becomes challenging 

when related to fed-progeny of registered seedstock in that increased carcass quality potentially 

reduces carcass cutability.  There appeared to be negligible relationship between UFAT and 

UREA (0.11 ± 0.02), which corresponded with Kemp et al. (2002) (0.15) and Reverter et al. 

(2000) (-0.04 in bulls and 0.08 in heifers).  The weak association of these traits is encouraging to 

optimize red meat production in fed progeny, without sacrificing cutability and requiring 

additional retail fat trim.  Increased UMAR was also not expected to result in a predictable 

change in UREA (-0.01 ± 0.03), which disagreed with the stronger positive genetic correlations 

of 0.30 reported by Kemp et al. (2002) and of 0.19 in heifers by Reverter et al. (2000).  However, 

Reverter et al. (2000) found a strongly negative correlation of -0.35 in bulls.  Although our 

estimate of the genetic correlation between UFAT and UMAR differed little from zero, it fell 

within the range of published albeit inconsistent literature values. 

  
 

IMPLICATIONS 
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When utilizing an animal model, estimates of heritability for all growth and ultrasound 

carcass traits suggest potential for change in performance through selection.  The strong 

relationship between WW and YW is indicative of shared genes affecting these two traits.  The 

moderate relationship between WW and YW with UREA reveals that heavier cattle accumulate 

larger muscle area, which is a preferred in most grid systems with a yield grade component.  

Increased UFAT would tend to be associated with improvements in UMAR, suggesting that 

purebred cattle fed heavier energy diets to become fatter may also express greater genetic 

potential for marbling.  The weak associations of UFAT and UMAR with UREA indicate that 

genetic selection for carcass quality can be exercised independently of selection for UREA.  
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Table 3.1 Description of acronyms 
Trait Description 
WW Weaning weight adjusted to 205 d, kg 
YW Yearling weight adjusted to 365 d, kg 

UFAT Ultrasound subcutaneous fat at 12th rib, cm
UMAR Ultrasound intramuscular fat, % 
UREA Ultrasound ribeye area at 12th rib, cm2 
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Table 3.2 Means for traits measured within sex in American Angus Association cattle 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

1WW = weaning weight, YW = yearling weight, UFAT = ultrasound backfat thickness, UMAR = 
ultrasound intramuscular fat percentage, UREA = ultrasound ribeye area 
2B = Bull; H = Heifer; S = Steer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trait1 Sex2 N Mean SD CV% Min Max 
WW (kg)     B 139,602 294.2 37.2 12.65 128.6 557.7

             H 130,944 265.7 32.3 12.13 106.8 427.3
             S 6,656 255.3 38.1 14.92 127.7 390.9

YW (kg)      B 85,702 526.3 61.3 11.66 210.0 794.1
             H 76,603 386.8 47.6 12.32 188.6 659.1
             S 1,980 474.6 65.1 13.72 264.5 688.6

UFAT (cm)   B 62,752 0.73 0.25 34.27 0.06 2.57 
             H 45,958 0.68 0.25 36.59 0.06 2.36 

UREA (cm2)  B 62,752 81.3 10.5 12.91 24.5 131.5
             H 45,958 63.4 9.6 15.21 21.9 116.7

UMAR (%)   B 62,752 3.75 0.95 25.34 0.6 10.4 
             H 45,958 4.58 1.17 25.46 0.48 11.0 
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Table 3.3 Sire model heritabilities, genetic correlations and phenotypic correlations adjusted for 
age1 

Trait2 WW YW UFAT UMAR UREA 
WW 0.10 (0.02) 0.89 (0.03) 0.04 (0.12) 0.01 (0.12) 0.16 (0.12) 
YW 0.72 (0.01) 0.12 (0.02) 0.08 (0.12) 0.06 (0.12) 0.19 (0.12) 

UFAT 0.25 (0.01) 0.32 (0.01) 0.29 (0.04) 0.11 (0.12) -0.07 (0.12) 
UMAR 0.04 (0.01) 0.05 (0.01) 0.23 (0.01) 0.32 (0.05) 0.13 (0.12) 
UREA 0.37 (0.01) 0.43 (0.01) 0.20 (0.01) -0.02 (0.01) 0.22 (0.04) 

1Heritabilities are in bold along the diagonal, genetic correlations are above the diagonal and 
phenotypic correlations are below the diagonal. 
2 WW = weaning weight, YW = yearling weight, UFAT = ultrasound backfat thickness, UMAR 
= ultrasound intramuscular fat percentage, UREA = ultrasound ribeye area 
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Table 3.4 Animal model heritabilities, genetic correlations and phenotypic correlations adjusted 
for age1 

Trait2 WW YW UFAT UMAR UREA 
WW 0.34 (0.01) 0.97 (0.01) 0.35 (0.02) 0.14 (0.03) 0.58 (0.02) 
YW 0.75 (0.01) 0.53 (0.01) 0.20 (0.02) 0.07 (0.02) 0.46 (0.02) 

UFAT 0.26 (0.01) 0.31 (0.01) 0.50 (0.01) 0.31 (0.02) 0.11 (0.02) 
UMAR 0.04 (0.01) 0.05 (0.01) 0.25 (0.01) 0.38 (0.01) -0.01 (0.03) 
UREA 0.39 (0.01) 0.44 (0.01) 0.20 (0.01) -0.03 (0.01) 0.40 (0.01) 

1Heritabilities are in bold along the diagonal, genetic correlations are above the diagonal and 
phenotypic correlations are below the diagonal. 
2 WW = weaning weight, YW = yearling weight, UFAT = ultrasound backfat thickness, UMAR 
= ultrasound intramuscular fat percentage, UREA = ultrasound ribeye area 
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APPENDIX 
 
 
Appendix Table 3.1. Sire model phenotypic (co)variances and genetic (co)variances1 

Trait2 WW YW UFAT UMAR UREA 
P-Var 583.7 1128 0.02702 0.6204 48.14 
WW 14.02 20.03 0.006547 0.008213 0.9939 
YW 602.8 33.18 0.02003 0.1151 1.784 

UFAT 1.273 1.747 0.001929 0.001059 -0.005019 
UMAR 0.7613 1.308 0.02973 0.04809 0.04655 
UREA 62.55 99.07 0.2268 -0.1089 2.705 

1Genetic variances are in bold along the diagonal, genetic covariances are above the diagonal and 
phenotypic covariances are below the diagonal. 
2 WW = weaning weight, YW = yearling weight, UFAT = ultrasound backfat thickness, UMAR 
= ultrasound intramuscular fat percentage, UREA = ultrasound ribeye area 
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Appendix Table 3.2. Animal model phenotypic (co)variances and genetic (co)variances1 
Trait2 WW YW UFAT UMAR UREA 
P-Var 630.58 1288.2 0.02897 0.6355 51.09 
WW 217.15 374.4 0.6200 1.010 38.71 
YW 676.0 686.1 0.6209 0.8833 53.63 

UFAT 1.111 1.872 0.01445 0.01825 0.05950 
UMAR 0.8007 1.414 0.03386 0.2398 -0.02209 
UREA 70.00 111.5 0.2419 -0.1703 20.51 

1Genetic variances are in bold along the diagonal, genetic covariances are above the diagonal and 
phenotypic covariances are below the diagonal. 
2 WW = weaning weight, YW = yearling weight, UFAT = ultrasound backfat thickness, UMAR 
= ultrasound intramuscular fat percentage, UREA = ultrasound ribeye area 
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CHAPTER 4: COMBINED SELECTION OF ANGUS CATTLE FOR GENETIC  
 

IMPROVEMENT 
 
 
 

ABSTRACT 
 

  
The objective of this study was to characterize the genetic relationships between growth 

and carcass traits measured in feedlot and purebred cattle sharing common relatives.  

Heritabilities for traits recorded in both feedlot and on-farm environments were determined, 

along with the genetic correlation between them.  These genetic relationships aided in 

determining the effectiveness of implementing combined crossbred-purebred selection (CCPS) 

strategies that utilize both purebred and commercial cattle performance records when making 

sire selection decisions.  Data included 2,183 steers and 418 heifers sired by registered Angus 

bulls and evaluated under feedlot conditions from 2002 to 2006 in the Iowa State University- 

sponsored Tri-County Steer Carcass Futurity (TC) program.  The TC traits evaluated were initial 

(IBW) and final BW (FBW), and carcass backfat thickness (CFAT), marbling score (CMAR) 

and ribeye area (CREA).   Performance data were also acquired from the American Angus 

Association (AAA) on: 139,602 bulls, 130,944 heifers and 6,656 steers for weaning weight 

(WW); 85,702 bulls, 76,603 heifers and 1,908 steers for yearling weight (YW); and, 62,752 

bulls and 45,958 heifers for ultrasound measures of backfat (UFAT), intramuscular marbling 

percentage (UMAR) and ribeye area (UREA).  Bivariate animal models were fitted with 

ASReml3.  Contemporary group was included as a fixed effect in the model for both the feedlot 

and AAA traits.  For the TC traits, either linear and quadratic effects of age at IBW nested within 

season and year of feedlot delivery, or linear and quadratic effects of age at FBW nested within 

season and year of slaughter, were also fitted.  Animal and residual were fitted as random effects 
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in both models.  The genetic correlations between IBW and WW, FBW and YW, CFAT and 

UFAT, CMAR and UMAR, and CREA and UREA were 0.01 ± 0.21, 0.43 ± 0.22, 0.66 ± 0.19, 

0.65 ± 0.17, and 0.92 ± 0.12, respectively.  The linear regressions of animal performance for 

feedlot traits on sire EPD had coefficients of 0.23 ± 0.19, 0.57 ± 0.16, 0.67 ± 0.19, 93.35 ± 12, 

and 1.08 ± 0.17 for IBW, FBW, CFAT, CMAR, and CREA, respectively.  CMAR was measured 

in degrees of marbling with 100 units corresponding to a single marbling degree.  A CMAR 

score of 1000 equated to a small00 marbling degree. 

Generally, carcass traits exhibited stronger, more predicable relationships with one 

another as compared to growth characteristics.  Low to moderate genetic correlations between 

growth traits in purebred and commercial environments, along with small regression coefficients, 

suggested CCPS would be beneficial. 

When three selection indices were evaluated on the basis of relative efficiency of genetic 

progress toward defined goal traits in the TC program, benefits of CCPS became apparent.  

Indices including purebred AAA records and commercial TC records offered the highest 

selection progress, when compared to indices only including purebred AAA records or 

commercial TC records.  However, the benefit of a single AAA sire record diminished once a 

sufficient number of progeny records were included in the index. 

 
 

INTRODUCTION 
 

  
The genetic evaluation of sires typically hinges on their own performance records, along 

with those of their progeny.  In many instances those progeny records entail weight and 

ultrasound carcass measures on registered, purebred livestock that are processed by breed 

associations.  Traditionally, performance data used in genetic evaluation programs has been 
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collected in purebred herds on potential selection candidates (Garrick and Golden, 2008).  

Arguably, the genetic improvement in seedstock bulls should be directed by needs of commercial 

producers who produce large numbers of fed cattle for consumption.  The beef cattle industry 

currently does an inadequate job of utilizing phenotypes on animals in those commercial settings, 

though they may be most valuable in analyzing the success of selection and mating decisions.  

The concept of combined crossbred-purebred selection (CCPS) (Wei and van der Steen, 1991) 

was proposed to remedy this challenge, whereby both purebred and crossbred animal 

performance records could be combined to make selection decisions in the population of interest.  

The use of CCPS involves evaluating phenotypic measurements for a given trait, collected in 

purebreds and their crossbred relatives, as separate yet genetically correlated traits (Wei and van 

der Werf, 1994; Jiang and Groen, 1999).  Considering the current study, animals from AAA and 

TC were primarily Angus in composition, but the benefit of CCPS would still be realized in 

allowing records from animals reared on-farm to be combined with records from commercially 

raised animals grown in a feedlot. 

The first objective of this paper was to estimate the genetic correlations between similar 

traits, along with their heritabilities, measured in purebred and commercial Angus cattle grown 

in distinct production environments: on-farm and in the feedlot.  The two groups were 

genetically linked through common sires.  Secondly, the relationship of sire EPD, for traits 

measured in purebred Angus, and their effect on performance of progeny in commercial feedlot 

conditions was evaluated with regression analysis.  The ability to predict changes in commercial 

cattle performance based on incremental changes in sire EPD could be a valuable tool for 

producers.  Finally, the value of incorporating performance records on commercial feedlot cattle 

in selection decisions in purebred sires was assessed using index methodologies.  Three indexes 
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were developed based on information from purebred sires alone, their commercial progeny 

alone, or a combination of the two.  Comparing selection response and accuracy among these 

indexes aids evaluating the merit of using CCPS in the beef cattle industry. 

 
 

MATERIALS AND METHODS 
 
 

 In evaluating the relationship between similar traits measured in different production 

environments, data from the Tri-County Steer Carcass Futurity (TC) and the American Angus 

Association (AAA) were acquired to evaluate sires with progeny in both feedlot and purebred 

seedstock production scenarios.  Initially, over 400 Angus bulls were identified in the TC data 

whose progeny had recorded feedlot weights and carcass traits.  Feedlot traits evaluated in the 

TC data were initial BW at delivery (IBW) and final BW at slaughter (FBW), and carcass 

backfat thickness at the 12th rib (CFAT), marbling score (CMAR) and ribeye area at the 12th rib 

(CREA).  Performance records for these traits were edited according to the restrictions set forth 

in Chapter 2.  The final TC data consisted of 2,601 feedlot weight and carcass records from steer 

and heifer calves dispersed across 193 contemporary groups and sired by 188 Angus bulls.  The 

193 contemporary groups comprised: 5 birth years, 3 birth seasons, 85 owners and 93 pens 

within 10 feedlots.  The 6 breed of dam classifications were 1,677 British, 90 Continental, 235 

British-Continental cross, 64 British-Zebu cross, 246 Angus cross and 289 with unknown breed 

type.   

The AAA provided a four-generation pedigree, contemporary group (CG) designations 

and performance records adjusted to specified ages.  Weaning weight was adjusted to 205 d 

(WW), yearling weight was adjusted to 365 d (YW), and ultrasound measures, were adjusted to 

365 d for bulls and 390 d for heifers.  The ultrasound measures provided were backfat thickness 
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at the 12th rib (UFAT), intramuscular fat percentage (UMAR), and ribeye area at the 12th rib 

(UREA).  Performance data were provided on the progeny and contemporaries of the 400 AAA 

bulls contributing to the TC data.  Weight and ultrasound records from AAA were edited 

according to guidelines set forth in Chapter 3.  The final WW data consisted of 277,202 total 

records comprised of 139,602 bulls, 130,994 heifers and 6,656 steers dispersed among 24,199 

contemporary groups and sired by 149 Angus bulls.  The final YW data consisted of 164,285 

total records comprised of 85,702 bulls, 76,603 heifers and 1,980 steers dispersed among 14,496 

contemporary groups and sired by 131 Angus bulls.  The final ultrasound data consisted of 

108,710 total records comprised of 62,752 bulls and 45,958 heifers dispersed among 9,257 

contemporary groups and sired by 111 Angus bulls.  Editing restrictions decreased the number of 

bulls with progeny in both data; therefore pedigree relationships were established to create 

dependable genetic links among calves in the two data.   A total of 63 bulls had offspring in both 

the TC and AAA data. 

Animals with records from TC and AAA were merged, and pedigree links were extracted 

to include at least a sire, dam, paternal grand-sire and grand-dam, and maternal grand-sire and 

grand-dam.  Since dams of TC animals were not identified, they were limited to paternal 

ancestral information.  Maternal grand-dams were included in the pedigree for AAA animals to 

account for WW variation attributed to the maternal environment effects.  Some animals had 8 

generations of ancestry information in the pedigree file.  The final pedigree included 560,511 

animals. 

 Bivariate animal models using ASReml3 (Gilmour et al., 2009) were fitted to obtain 

heritabilities and genetic correlations between pairs of similar traits in the TC and AAA data 
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(e.g., between FBW and YW).  The following model was utilized to describe the traits measured 

on TC animals: 

yijk = μ + CGi + Age(Season-Year)j  + Age2(Season-Year)j + Animalk +  eijk, 

where μ was the mean of dependent variable yijk measured on calf k, in contemporary group 

(CG) i, with linear [Age(Season-Year)] and quadratic [Age2(Season-Year)] effects of age within 

season-year combination.  Age was either that at delivery or slaughter. Animal and residual (eijk) 

were fitted as random effects.  

 The following animal model was used to describe WW measures available on AAA 

animals: 

yijk = μ + CGi + Animalk + Damj + eijk, 

where μ was the mean of  dependent variable yijk measured on calf k, in CG i, with dam j.  

Animal, dam and residual (eijk) were fitted as random effects.  Dam was fitted as a maternal 

environmental effect.  

The following animal model was used to describe YW, UFAT, UMAR and UREA 

measures available on AAA animals: 

yij = μ + CGi + Animalj +  eij, 

where μ was the mean of  dependent variable yij measured on calf j, in CG i.  Animal and residual 

(eij) were fitted as random effects.  

The residual or environmental variances between TC and AAA animals were fixed at 0 

since records were on different animals in separate environments.  Five bivariate analyses were 

used to characterize relationships between: i) IBW and WW, ii) FBW and YW, iii) CFAT and 

UFAT, iv) CMAR and UMAR, and v) CREA and UREA. 
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 To investigate the phenotypic response in performance of TC calves resulting from EPD 

selection in bulls, the regression of TC phenotypic values on AAA sire EPD were calculated 

using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).  Sire EPD were acquired from 

AAA from their fall 2008 National Cattle Evaluation.  These EPD were: weaning weight (WW-

EPD), converted to kg; yearling weight (YW-EPD), converted to kg; marbling (Marb-EPD), 

expressed as a fraction of USDA marbling score; ribeye area (RE-EPD), converted to cm2; and 

fat thickness (Fat-EPD), converted to cm.  Sire EPD for carcass merit combined information 

from both carcass and ultrasound records in the AAA database.  Records for 2,601 calves with 

TC traits were set as dependent variables with the following model: 

yijkl = µ + CGi + Age(Year-Season)j + Age2(Year-Season)j +  βEPDk + eijkl, 

where µ was the intercept of the dependent variable yijkl measured on calf l, in CG i, with linear 

[Age(Season-Year)] and quadratic [Age2(Season-Year)] effects of age within season-year 

combination and regressed upon the EPD of sire k.  Age was either that at delivery or slaughter.  

 To evaluate the effectiveness of CCPS selection, three indices were constructed to 

compare selection strategies within Angus bulls.  These indices were similar to those developed 

by Wei and van der Werf (1994) based on phenotypic records from different family sources.  

The selection objective or goal common to each index was genetic improvement of Angus sires 

for performance traits measured in the feedlot on their progeny at or near slaughter.  Therefore, 

the goal traits were FBW, CFAT, CMAR, and CREA.  

 Three indexes were designed to select sires for the goal of improving the performance of 

their progeny in a commercial feedlot environment.  The selection criteria for the indexes were: 

i) individual AAA records for a sire, ii) progeny (half-sib groups) TC records, and iii) individual 

AAA records for a sire and TC records available on their progeny (half-sib groups).  When 
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deriving the indices, dams were assumed to be unrelated, with a single calf per dam, and no 

inbreeding.  For comparative purposes, an index based on a sire’s own measure for the TC traits 

was also constructed; in practice such information would not be available on sires directly.   

Selection index coefficients, the variance of the index, the variance of the aggregate 

genotype, accuracy of selection and the response to selection were calculated for each index.  

Relative efficiency was used to compare genetic progress attainable by implementing each index.  

The relative efficiency was evaluated as the ratio of selection response for one index to the 

selection response of a different index.  In our case, the denominator for this ratio was the 

selection response of the index based solely on the individual sire’s AAA record.  As such, the 

relative efficiency for that particular index was necessarily 1.  Standardized selection intensity 

was assumed.  The selection accuracy was calculated as the square root of the ratio of variances 

of the index and aggregate genotype.   The impact of progeny half-sib family size on the 

evaluation of Angus sires was investigated by considering three half-sib family sizes.  These 

half-sib family sizes coincided with the minimum, median, and maximum number of progeny in 

the TCSCF data sired by AAA registered bulls.  The minimum, median, and maximum half-sib 

progeny family sizes were 5, 10, and 95, respectively. 

 

 
RESULTS AND DISCUSSION 

 
  

To simplify the description of each trait in the two data sets, their acronyms and 

definitions are provided in Table 4.1.  

Animal model bivariate analyses were used to estimate the heritabilities of similar traits 

in commercial (TC) and purebred (AAA) cattle.  The ratio of additive genetic to total phenotypic 
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variance captured by the crossbred or commercial heritability was an important factor in 

optimizing selection using crossbred information (Wei and van der Werf, 1994).  Crossbred traits 

that are lowly heritable are more difficult to change genetically (Wei and van der Werf, 1995).  

Even so, CCPS remained valuable, particularly when heritability for a trait in the purebred or the 

genetic correlation between purebred and crossbred performance is low (Bijma et al., 2001).  

The correlated genetic response expected in the crossbred when selection is practiced in 

the purebred is defined by the genetic correlation between the purebred and crossbred animals 

(Wei and van der Steen, 1991; Wei and van der Werf., 1995; Besbes and Gibson, 1999). 

Typically the genetic correlation between purebred and crossbred performance is estimated more 

accurately from families of sires as compared to dams, since sires produce a larger number of 

progeny (Besbes and Gibson, 1999).  When considering implementation of CCPS, certain 

genetic correlation benchmark values are important.  One example would be from Jiang and 

Groen (1999) who noted that in broiler performance, there was no significant genetic 

improvement resulting from combining purebred and crossbred performance when the genetic 

correlation between the two traits was 0.7 or higher.  Alternatively, the benefit of crossbred 

information increases rapidly when the genetic correlation between purebreds and crossbreds 

decreases because selection in purebred animals becomes less effective in achieving crossbred 

genetic gains (Bijma and van Arendonk, 1998). 

The heritabilities of IBW and WW were 0.52 ± 0.11 and 0.34 ± 0.01 (Table 4.2), 

respectively, and thus differ little in size.  These high heritabilities suggest that both traits would 

respond well to selection within both production environments.  As described in Chapter 2, the 

average age of IBW measurements would exceed that of AAA records, which were adjusted to 

205 d of age.  This difference in age was likely a cause for IBW having both larger phenotypic 
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and genetic variances than WW.  The TC animals were potentially back-grounded on higher 

energy diets allowing them to express more variable genetic potentials for growth, while at the 

same time experiencing a larger array of environmental conditions.  The genetic correlation 

between IBW and WW was 0.01 ± 0.21, which was lower than anticipated.  Although the 

association was positive, it was not different from zero and reveals that changes in WW of 

purebred cattle would be independent of changes in IBW of feedlot cattle.   

Genetic correlations between weaning weight in purebred Herefords or Angus and 

weaning weights in their crosses varied from 0.55 to 0.94 (Nunez-Dominguez et al., 1993).  

However, the purebred sires and crossbred progeny in the Nunez-Dominguez et al. (1993) study 

were raised in similar environments with similar forage-based rations.  Genetic correlation 

estimates in swine between two purebred Duroc sire lines and their crossbred progeny, when 

mated to separate whiteline female dam lines, were 0.53 ± 0.08 and 0.80 ± 0.10 for body weight 

(Zumbach et al., 2007).  Unlike the current study, the swine characterized by Zumbach et al. 

(2007) were fed similar diets on several different farms.  The measurements on the purebred 

swine were acquired at an average of 172 d of age, while those on the crossbred were collected at 

an average slaughter age of 196 d. 

 To examine relationships of post-weaning gain in Angus sired cattle, FBW and YW were 

used as comparable measurements in the TC and AAA data (Table 4.3).  One distinction, as 

described in Chapter 2, is that FBW would tend to be measured later in life (on average, at 457 

d) than YW, which were adjusted to 365 d of age.  This would likely contribute to the larger 

phenotypic and genetic variances associated with FBW as compared to YW since increased age 

should allow more variation to be expressed.  The heritabilities of FBW and YW were 0.47 ± 

0.11 and 0.53 ± 0.01, respectively, which indicated post-weaning growth is amenable to 
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selection.  The genetic correlation between FBW and YW was moderate (0.43 ± 0.22), albeit 

lower than perhaps anticipated.  An increase in YW would result in a modest increase in FBW in 

the feedlot environment.   

The genetic correlation for 400 day BW between Hereford or Angus cattle with their 

crossbred progeny varied from 0.68 to 0.86 (Nunez-Dominguez et al., 1993).  Newman et al. 

(2002) reported a genetic correlation between purebred and crossbred Australian cattle of 0.48 ± 

0.18 for 400-day weight.  The study of Newman et al. (2002) utilized cooperator herds to raise 

purebred bulls that were later transported to a new location for breeding to a female base 

population of Brahman cattle.  Crossbred progeny were raised in several locations, and then sent 

to be fed out either on forage based or concentrate based rations. 

In evaluating relationships of subcutaneous fat deposition, CFAT and UFAT were 

complimentary measures of fatness typical to feedlot and purebred conditions, respectively 

(Table 4.4).  The heritabilities of CFAT and UFAT were 0.28 ± 0.08 and 0.50 ± 0.01, 

respectively.  These estimates indicate that CFAT in feedlot cattle would undergo genetic 

improvement at a slower pace than its highly heritable ultrasound counterpart measure from on-

farm cattle.  The phenotypic variance of CFAT was much higher than that of UFAT.  This could 

be due to the higher energy diets fed in the feedlot which allow animals to express thicker and 

more variable measures of CFAT than in forage dominated or lower energy diets found in 

seedstock operations.  However, the genetic correlation of 0.66 ± 0.19 showed that increased 

CFAT was strongly related to increases in UFAT.  This could signify that sire selection based on 

UFAT would be expected to generate satisfactory changes in CFAT of their commercial 

progeny.  Newman et al. (2002) reported the genetic correlation of purebred and crossbred 

Australian cattle for subcutaneous rump fat thickness was 1.0 ± 0.00.  In swine, Zumbach et al. 
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(2007) reported genetic correlation estimates for backfat thickness between purebreds and 

crossbreds of 0.83 ± 0.09 and 0.89 ± 0.05.   

Marbling is deemed especially important in the Angus breed, and the goal to increase 

marbling is a focus of many selection programs.  Note that CMAR was determined on a point 

basis by graders with 100 points equal to a single marbling degree category, while UMAR was 

evaluated on a percentage intramuscular fat basis.  The heritabilities for CMAR and UMAR were 

0.48 ± 0.10 and 0.38 ± 0.01, respectively (Table 4.5).  Contrary to measures of backfat thickness, 

CMAR in feedlot cattle was highly heritable, while UMAR in purebreds was moderately 

heritable.  Both estimates suggest marbling would respond to genetic selection.  The genetic 

correlation of 0.65 ± 0.17 between CMAR and UMAR indicated that as UMAR percentage in 

purebred cattle increases carcass quality of feedlot cattle would also improve.  This encouraging 

result does not meet the benchmark value of 0.70, but still indicated that selection of sires based 

on UMAR measured on farm should create moderate favorable changes in their commercially 

grown offspring.  Newman et al. (2002) reported a genetic correlation of 0.95 ± 0.11 for 

intramuscular fat between purebred and crossbred Australian cattle.  Newman et al. (2002) 

suggested that sire re-ranking may occur when bulls were evaluated based on their crossbred 

rather than purebred progeny’s performance for weight traits and eye muscle area.  However, 

evaluating sires only on purebred progeny performance was likely acceptable for rump fat and 

intramuscular fat (Newman et al., 2002). 

Larger ribeye area in cattle contributes to better yield grades and improved cutability, 

with CREA and UREA serving as indicators of muscling.  The heritabilities of CREA and 

UREA were 0.44 ± 0.10 and 0.40 ± 0.01, respectively (Table 4.6).  Unlike previous heritability 

estimates for carcass merit, CREA and UREA were very close in size with moderate to high 
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heritability.  The genetic correlation between CREA and UREA was very high at 0.92 ± 0.12.  

This estimate suggested larger UREA in farm raised purebred cattle was intimately related to 

greater CREA in feedlot cattle.  This value indicated that selection decisions based on UREA 

records on AAA animals should achieve excellent response in CREA in feedlot cattle, removing 

the need to collect phenotypes from the feedlot cattle as an aid to selection.  Between purebred 

and crossbred Australian cattle, a genetic correlation of 0.78 ± 0.25 was observed for pre-

slaughter scanned eye muscle by Newman et al. (2002).  In swine, genetic correlations between 

purebred Duroc sires and their cross to two white-line dam bases were 0.78 ± 0.05 and 0.80 ± 

0.08 for muscle depth (Zumbach et al., 2007).   

Generally, this study indicated that genetic correlation estimates between purebred and 

commercial cattle was weak for the goal trait IBW, moderate for goal traits FBW, CFAT, and 

CMAR, and strong for the goal trait CREA.  Zumbach et al. (2007) found estimates of genetic 

correlations between purebred and crossbred animals were generally higher for carcass traits than 

weight traits, even though carcass measurements on purebreds were ultrasound based while those 

on crossbreds were carcass measurements. That conclusion corresponded with the results of the 

current study.  Feeding regimens were the same in their purebred and crossbred lines, although 

production environments (housing) differed.  Zumbach et al. (2007) explained that low genetic 

correlations could be attributed to non-additive gene combination effects and genotype by 

environment interactions.  Should genotype by environment interactions exist due to differences 

in production environment (housing) of the purebred compared to the crossbred, it would be 

confounded in the genetic correlation between traits in those surroundings (Wei and van der 

Werf, 1994; Uimari and Gibson, 1998).  This would be indistinguishable from the non-additive 

genetic effects contributing to the decreased correlation coefficient (Wei and van der Werf, 
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1994).  This confounding would not need to be distinguished as long as crossbred performance 

was measured in the same environment for which the breeding goal was defined for (Wei and 

van der Werf, 1995).  In the current data, the TC animals were primarily of Angus breeding, and 

thus the differences in environment (feedlot versus on-farm) rather than non-additive effects 

would more likely explain the lower correlations. 

A practical validation of selection in Angus may involve setting benchmark values for 

EPD in sires and comparing incremental EPD changes to the alteration in calf crop performance.  

The regression of animal feedlot performance on sire EPD for similar traits may be one approach 

for evaluating selection success.  The regression coefficients relating performance measures of 

TC calves to several AAA sire EPD and their associated significance levels are shown in Table 

4.7.  The regression of IBW on sire WW-EPD was not significant, and suggested an increase of 

only 0.23 kg in IBW for every kg increase in sire WW-EPD.  Sire YW-EPD was more 

predictive: a 1 kg increase in YW-EPD of a sire resulted in 0.57 kg increase in FBW among their 

progeny.  The departure of regression coefficients from unity could be due to a confounding of 

high or favorable EPD sires within herds that provide environments more conducive to 

expressing the full genetic potential of an animal and vice versa.  Our results suggested that 

producers may need other selection tools to ensure more predicable calf performance for weight 

traits.  However, the sizes of these coefficients were consistent with the lower genetic 

correlations observed between weight traits.  

Sire Fat-EPD was moderately predictive of carcass merit in feedlot finished calves.  A 1 

cm increase in sire Fat-EPD caused a 0.70 cm increase in CFAT among their progeny.  Again, 

this relationship was consistent with the moderate genetic correlation expressed between UFAT 

in AAA animals and CFAT in TC animals.  The effects of sire Marb-EPD and RE-EPD on 
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associated changes in TC measured traits in the feedlot were very strong.  A 1 unit increase in 

sire Marb-EPD resulted in a 93.3 unit increase in marbling score number in feedlot calves; once 

adjusting for measurement scales that corresponded with a nearly 1:1 change.  The strong 

relationship between sire progeny difference for Marb-EPD and calf CMAR may be somewhat 

unexpected based on the moderate genetic correlation between the two traits obtained previously.  

The genetic correlation between UMAR and CMAR suggests CCPS may be warranted, while the 

regression of sire Marb-EPD on offspring CMAR suggested sire selection on ultrasound 

measures of marbling alone may be effective to enhance feedlot performance.  Lastly, a 1 cm2 

increase in sire RE-EPD caused a 1.08 cm2 increase in CREA.  This result corresponded with the 

very strong genetic correlation between UREA and CREA.  Sire selection for the goal trait 

CREA appeared to be very effective and therefore obtaining phenotypes on offspring grown in 

feedlots to prove the genetic worth of their purebred sires would not likely be cost effective.   

In addition to sire selection for EPD that corresponded with a trait measured in calves, 

producers may also be interested in selection for EPD in sires with possible impact on different 

traits in their progeny.  The regression of CREA on sire YW-EPD (Table 4.7) demonstrated a 

0.13 cm2 increase in CREA for every 1 kg increase in YW-EPD of sire.  The value confirmed 

that selecting sires with greater post-weaning growth predictors would enhance muscling of their 

feedlot progeny.  Although statistically insignificant, the regression of CFAT on sire YW-EPD 

resulted in a 0.002 cm decrease in CFAT with a 1 kg increase in sire YW-EPD.  This would 

indicate that sire selection for increased post-weaning gain could be implemented independently 

of fatness changes in those sires’ feedlot progeny. 

In evaluating the effectiveness of three indices for selection of Angus bulls to improve 

the feedlot performance of their progeny, the relative efficiencies of alternative indexes were 
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calculated based on the selection response attained for the index based on a sire’s own record in 

the AAA data (Table 4.8).  Such relative efficiencies aid in making two decisions: 1) defining 

which selection criteria should be included in an index, and 2) how many progeny should be 

evaluated if selection criteria were measured on progeny rather than on their sires.  The selection 

goal in this study was to improve TC progeny performance for FBW, CFAT, CMAR or CREA 

by selecting among AAA sires.   

The relative efficiency of each index was compared to an index based on a single 

observation on the sire in the AAA herd of origin.  One criterion was an indicator trait, as 

typically measured by AAA, while the other criterion was the goal trait, as measured in TC.  

Again, in practice, TC data would not be available on a sire itself.  However, if such information 

was available, the index with a sire record measured directly on the TC goal trait was more 

efficient than that based on its related AAA trait (Table 4.8).  This is logical since measuring the 

goal trait directly, and in the relevant environment, would provide more information on genetic 

merit than a correlated indicator trait.  Relative efficiency was highest for the goal trait FBW, 

which also had the lowest genetic correlation with its corresponding AAA trait (YW). 

The efficiency of an index when incorporating progeny data from TC was increased over 

that based on a correlated indicator trait on the sire itself (Table 4.8).  However, the relative 

efficiency of an index with a single TC record on a sire itself exceeded the relative efficiency of 

an index with TC records on 5 progeny.  As half-sib family size grew though, increased 

information from TC progeny records overwhelmed the information that a single TC record on a 

sire provided.  Although the index with a single TC record on an individual sire showed the 

value of measuring goal traits on individuals in their relevant environment, it would have limited 

practical value since sires do not have feedlot records due to the terminal nature of measurement.   
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When half-sib family size was small, there was a clear advantage in relative efficiency 

for the index using both AAA sire and TC progeny selection criteria, compared to the index 

based solely on TC progeny data (Table 4.8).  However, as half-sib families grew the value of 

adding an AAA record on an individual sire deteriorated.  This is logical since progeny data from 

TC was measured on the actual goal trait, instead of a correlated indicator trait measured on 

individual sires.  The largest increases in relative efficiencies were for FBW, which had a 

moderate genetic correlation with YW (Table 4.3).  As the genetic correlation weakened between 

a trait measured in the sire and a trait measured in their progeny, increased numbers of progeny 

records substantially improved the evaluation of the sire, especially when the goal of genetic 

improvement was in the commercial progeny.  Conversely, the genetic correlation was strongest 

between CREA and UREA (Table 4.6).  Therefore using progeny records from TC, or the 

combination of AAA sire and TC progeny records, resulted in the lower, yet still appreciable 

improvements in relative efficiency.  The gain in relative efficiency, however, was due to the 

increased amount of information from larger numbers of progeny, rather than size of the genetic 

correlation; CREA and UREA were effectively the same trait.  An intermediate genetic 

correlation between CFAT and UFAT (Table 4.4) coincided with intermediate improvements in 

relative efficiency when TC progeny measured alone, or the combination of AAA sire and TC 

progeny records, were built into an index.  Although the genetic correlation between CFAT and 

UFAT was similar to that between CMAR and UMAR (Table 4.5), larger gains were achieved 

by incorporating progeny information on marbling into selection decisions due to the larger 

genetic variance and heritability of CMAR as compared to CFAT.    

Larger half-sib family size improved the relative efficiency of indices including progeny 

information for each trait.  However, the concept of diminishing returns became evident as 



 

120 
 

progeny family sizes increased since the rate of improvement in relative efficiency decreased.  

Pragmatically, this becomes an issue of cost in not only collecting phenotypes on progeny, but 

also ensuring there are enough progeny assessed from individual sires for their accurate 

evaluation as candidates for selection. 

 When more information was included in an index used to evaluate sires, the accuracy 

would be expected to improve.  As shown in Table 4.9, that was the case.  Utilizing information 

on crossbred performance contributed to genetic gain in purebreds by increasing selection 

accuracy (Jiang and Groen, 1999).  Accuracy of selection improved when a single record on the 

individual for goal trait measured in the TC environment was used rather than on the indicator 

trait measured in the AAA environment.  The largest increase in accuracy was for the goal trait 

FBW, which had the lowest genetic correlation with its counterpart AAA trait.  Oppositely, the 

smallest increase in accuracy was noted for the goal trait CREA, since it was strongly correlated 

to the selection criteria UREA in the AAA data.  

Similar to relative efficiency, selection accuracy was greater for an index based on a 

single record on the sire itself as compared to records on 5 half-sib progeny on the goal trait 

(Table 4.9).  When half-sib family size was small, selection accuracy increased when the sire’s 

performance in AAA for the correlated selection criteria was included in the index.  However, as 

half-sib family sizes grew, the advantage of including the sire’s own AAA performance record 

eroded.  For 10 and 95 progeny, accuracies were similar for the corresponding family size 

whether or not the sire’s own AAA performance was included in the index.  Unlike relative 

efficiency, the accuracy of an index was not strongly influenced by the particular goal trait 

involved in the index.  Similar to relative efficiency, as the number of progeny in a half-sib 

family increased, the gains in accuracy slowed. 
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IMPLICATIONS 
 
 

Currently, adoption of CCPS has not been widespread in the beef cattle industry.  A 

cost/benefit analysis of CCPS by producers is likely necessary as a precursor to its adoption.  

However, when selecting purebred sires that will improve feedlot growth in their progeny, CCPS 

may offer real benefits for incorporating feedlot information into sire evaluation.  This would 

clearly be the case for weight traits that exhibit weak genetic relationships between TC and AAA 

cattle, which was also characterized by the low non-significant regression of FBW on sire YW-

EPD.  Thus, superior gains in FBW could be achieved with a combined selection index.  

Depending on the cost of collecting records on commercial feedlot cattle, it may or may not be 

advantageous to implement CCPS in selection decisions regarding CFAT and CMAR as goal 

traits.  The strong relationship between sire performance for UREA and the corresponding 

changes in offspring CREA indicates that sire selection based on EPD already available on 

Angus sires is sufficient for making economically beneficial gains.  This decreases the need for 

CCPS along with the additional time and cost it may entail.  

 The practice of CCPS offers clear benefits when genetic improvement of crossbred 

livestock is desired.  Utilizing different forms of CCPS selection indices could allow relative 

economic values and sources of phenotypic information to be weighted according to the optimal 

production desired by producers. 
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Table 4.1 Description of acronyms 
Trait Source1 Description 
IBW TC Initial body weight at delivery, kg 
WW AAA Weaning weight adjusted to 205 d, kg 
FBW TC Final body weight at slaughter, kg 
YW AAA Yearling weight adjusted to 365 d, kg 

CFAT TC Carcass fat depth at 12th rib, cm 
UFAT AAA Ultrasound subcutaneous fat at 12th rib, cm
CMAR TC Carcass marbling score at 12th rib, score 
UMAR AAA Ultrasound intramuscular fat, % 
CREA TC Carcass ribeye area at 12th rib, cm2 
UREA AAA Ultrasound ribeye area at 12th rib, cm2 
1TC = Tri-County Steer Carcass Futurity Data; AAA = American Angus Association Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

125 
 

Table 4.2 Initial body weight and weaning weight (kg) phenotypic (P-var) and genetic (G-var) 
variances, heritabilities, and genetic correlation and covariance1 

Trait2 Source3 P-Var G-Var IBW WW 
IBW TC 698.1 361.1 0.52 (0.11) 0.01 (0.21) 
WW AAA 630.58 217.15 2.80 0.34 (0.01) 

1In last 2 columns, heritabilities are designated in bold along the diagonal, genetic correlation is 
above the diagonal and the genetic covariance is below the diagonal. 
2IBW = initial BW at delivery, WW = weaning weight 
3TC = Tri-Count Steer Carcass Futurity Data; AAA = American Angus Association Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

126 
 

Table 4.3 Final body weight and yearling weight (kg) phenotypic (P-var) and genetic (G-var) 
variances, heritabilities, and genetic correlation and covariance1 

Trait2 Source3 P-Var G-Var FBW YW 
FBW TC 1443.2 681.1 0.47 (0.11) 0.43 (0.22) 
YW AAA 1259.2 665.3 289.3 0.53 (0.01) 

1In last 2 columns heritabilities are designated in bold along the diagonal, genetic correlation is 
above the diagonal and the genetic covariance is below the diagonal. 
2FBW = final BW, YW = yearling weight 
3TC = Tri-Count Steer Carcass Futurity Data; AAA = American Angus Association Data 
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Table 4.4 Carcass fat thickness and ultrasound fat thickness (cm) phenotypic (P-var) and genetic 
(G-var) variances, heritabilities, and genetic correlation and covariance1 

Trait2 Source3 P-Var G-Var CFAT UFAT 
CFAT TC 0.09188 0.02613 0.28 (0.08) 0.66 (0.19) 
UFAT AAA 0.02886 0.01439 0.01286 0.50 (0.01) 

1In last 2 columns heritabilities are designated in bold along the diagonal, genetic correlation is 
above the diagonal and the genetic covariance is below the diagonal. 
2CFAT = carcass backfat thickness at 12th rib, UFAT = ultrasound backfat thickness at 12th rib 
3TC = Tri-Count Steer Carcass Futurity Data; AAA = American Angus Association Data 
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Table 4.5 Carcass marbling score and ultrasound intramuscular fat percentage phenotypic (P-
var) and genetic (G-var) variances, heritabilities, and genetic correlation and covariance1 

Trait2 Source3 P-Var G-Var CMAR UMAR 
CMAR TC 6666.56 3221.38 0.48 (0.10) 0.65 (0.17) 
UMAR AAA 0.635349 0.239588 18.07 0.38 (0.01) 

1In last 2 columns heritabilities are designated in bold along the diagonal, genetic correlation is 
above the diagonal and the genetic covariance is below the diagonal. 
2CMAR = carcass marbling score, UMAR = intramuscular fat percentage 
3TC = Tri-Count Steer Carcass Futurity Data; AAA = American Angus Association Data 
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Table 4.6 Carcass ribeye area and ultrasound ribeye area (cm2) phenotypic (P-var) and genetic 
(G-var) variances, heritabilities, and genetic correlation and covariance1 

Trait2 Source3 P-Var G-Var CREA UREA 
CREA TC 39.25 17.20 0.44 (0.10) 0.92 (0.12) 
UREA AAA 50.72 20.38 17.16 0.40 (0.01) 

1In last 2 columns heritabilities are designated in bold along the diagonal, genetic correlation is 
above the diagonal and the genetic covariance is below the diagonal. 
2CREA = carcass ribeye area at 12th rib, UREA = ultrasound ribeye area at 12th rib 
3TC = Tri-Count Steer Carcass Futurity Data; AAA = American Angus Association Data 
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Table 4.7 Regression of TC1 traits on their AAA2 sire EPD  
Trait3 Regressor EPD4 Regression Coefficient Significance
IBW WW 0.23 ± 0.19 0.2163 
FBW YW 0.57 ± 0.16 0.0003 
CFAT Fat 0.70 ± 0.19 0.0005 
CMAR Marb 93 ± 12 <0.0001 
CREA RE 1.08 ± 0.17 <0.0001 
CFAT YW -0.0019 ± 0.0013 0.1294 
CMAR YW 0.41 ± 0.34 0.2208 
CREA YW 0.13 ± 0.026 <0.0001 
IBW YW -0.05 ± 0.11 0.6472 

1TC = Tri-County Steer Carcass Futurity 
2AAA = American Angus Association 
3IBW = initial BW at delivery, FBW = final BW, CFAT = carcass backfat thickness at 12th rib, 
CMAR = carcass marbling score, CREA = carcass ribeye area at 12th rib 
4Acquired from AAA on sires of TC cattle 
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Table 4.8 Relative efficiency for sire selection indices utilizing different performance record 
sources and family sizes  

1AAA = American Angus Association, TC = Tri-County Steer Carcass Futurity 
2FBW = final body weight, CFAT = carcass backfat thickness, CMAR = carcass marbling score, 
CREA = carcass ribeye area 
3Selection criteria and associated goal trait were: yearling weight (YW) for FBW, ultrasound 
backfat thickness for CFAT, ultrasound intramuscular fat percentage for CMAR, and ultrasound 
ribeye area for CREA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           Source of Records1 
 Sire 

(AAA) 
Progeny  

(TC) 
Sire (AAA) and  
Progeny (TC) 

 Criteria3 Goal Progeny Family Size (Half-Sibs) 
Goal Trait2   5 10 95 5 10 95 

FBW 1 2.20 2.03 2.42 3.08 2.12 2.46 3.08 
CFAT 1 1.14 1.12 1.41 2.00 1.35 1.53 2.01 
CMAR 1 1.74 1.60 1.90 2.41 1.71 1.96 2.41 
CREA 1 1.14 1.06 1.28 1.65 1.25 1.37 1.65 
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Table 4.9 Accuracy of selection for sire selection indices utilizing different performance record 
sources and family sizes 

1AAA = American Angus Association, TC = Tri-County Steer Carcass Futurity 
2FBW = final body weight, CFAT = carcass backfat thickness, CMAR = carcass marbling score, 
CREA = carcass ribeye area 
3Selection criteria and associated goal trait were: yearling weight (YW) for FBW, ultrasound 
backfat thickness for CFAT, ultrasound intramuscular fat percentage for CMAR, and ultrasound 
ribeye area for CREA. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Source of Records1 
 Sire 

(AAA) 
Progeny  

(TC) 
Sire (AAA) and  
Progeny (TC) 

 Criteria3 Goal  Progeny Family Size (Half-Sibs) 
Goal Trait2   5 10 95 5 10 95 

FBW 0.31 0.69 0.63 0.76 0.96 0.66 0.77 0.96 
CFAT 0.47 0.53 0.53 0.66 0.94 0.63 0.72 0.94 
CMAR 0.40 0.70 0.64 0.76 0.96 0.68 0.78 0.96 
CREA 0.58 0.66 0.62 0.74 0.96 0.73 0.80 0.96 
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CHAPTER 5: SYNOPSIS OF COMBINED SELECTION OF ANGUS CATTLE FOR 
 

GENETIC IMPROVEMENT 
 

 

The Tri-County Steer Carcass Futurity (TC) data presented unique management 

challenges in that a large set of Angus-sired cattle were recorded for feedlot performance, but 

only a small number of their sires were actually registered with the American Angus Association 

(AAA).  The small number of traceable AAA sires presented two challenges: 1) smaller number 

of observations for the estimation of heritabilites, and genetic and phenotypic correlations, and 2) 

the use of natural service sires within many commercial herds and resulting confounding of a 

single service sire with herd in a number of cases, which is much less likely with sires used by 

artificial insemination.  Another obstacle in TC was the lack of information on dams.  Ideally, all 

dams would be Angus and registered with the AAA so that pedigree relationships would be 

increased, and maternal genetic and environmental effects could be fitted in the evaluation 

models.  However, this was not the case and dams were classified generally by breed-type or 

breed-type combinations that would be expected to best distinguish variation.  Furthermore, an 

age of dam fixed effect would have been helpful in categorizing variation associated with dam 

maturity.  Unfortunately, age was available on only a low percentage of dams, and therefore an 

age of dam effect could not be included in the contemporary group definition. 

For the TC data, estimates of heritabilities and genetic correlations were similar for the fit 

of the sire and animal models.  This was due to the absence of dam identifications, limiting 

additions to pedigree relationships to those derived from paternal ancestry.  A covariate of age at 

delivery was included when analyzing initial BW at delivery (IBW) to allow comparison of 

incoming calves adjusted to a common age.  The traits final BW as slaughter (FBW), carcass 
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backfat thickness (CFAT), marbling score (CMAR), and ribeye area (CREA) were analyzed 

with an age at slaughter covariate to allow comparison of calves at the age at which such carcass 

data were recorded.  Furthermore, fitting age as a covariate emulates industry practices in formal 

genetic evaluations of cattle.  The covariate of CFAT was used in the analysis of FBW, CMAR, 

and CREA since the terminal end-point was predicated on fat thickness and thus comparison at a 

constant fatness was applicable.  Adjustments for CFAT versus age had little impact on 

parameter estimates.  Estimates of heritabilities in TC were surprisingly high for IBW and FBW.  

The traits CFAT, CMAR, and CREA were all moderately to highly heritable and consistent with 

literature estimates.  Genetic correlations only showed strong, positive relationships between 

IBW and FBW, IBW and CREA, and FBW and CREA.  Additionally, a moderate and negative 

relationship between CFAT and CREA existed.  Each of the genetic relationships described 

would be favorable and conducive to genetic progress via selection. 

The AAA data provided a different set of challenges in the way of computational 

requirements.  First, the pedigree data were so large that forming the inverse of the numerator 

relationship matrix for animal models required substantial computer memory.  Secondly, the 

large number of weaning weights (WW), yearling weights (YW) and ultrasound records of 

backfat thickness (UFAT), intramuscular fat percentage (UMAR), and ribeye area (UREA) was 

difficult to incorporate in the evaluation because of the number of equations required to compute 

breeding values for each animal in the pedigree.  These concerns made for a continual tradeoff 

between incorporating more performance data and fewer ancestral pedigree relationships or vice 

versa.  In the end a logical balance was found.  This included decreasing the total number of 

AAA records to those animals from sires born later than 1990, which coincided with the oldest 

sire’s birth in TC.  Also, the decision coincided with the beginning of routine collection of 
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ultrasound records in addition to weaning and yearling weights.  The reduction in performance 

records facilitated at least a two generation pedigree for each AAA animal with a record.  One 

problem remained in explaining variation in weaning that was due to the maternal environment 

provided by the dam.  The choice was made to fit this as a random maternal environmental 

effect, rather than a maternal genetic effect since: 1) it required fewer equations and less 

computing resources, and 2) only the direct component of weaning weight was pertinent to our 

interests.   

The same pattern of heritability estimates held true in AAA as in TC with WW and YW 

being larger and more highly heritable than expected.  Ultrasound measures of carcass merit 

ranged from moderately heritable to highly heritable as anticipated.  Again, similar to TC, WW 

and YW, WW and REA, YW and REA showed strong, positive covariation.  Unlike TC, WW 

and UFAT, YW and UFAT, and UFAT and UMAR also exhibited moderate, positive 

covariation.  However, the three previous genetic correlations are antagonistic and indicate that 

cattle that were heavier at WW, YW and with increased UMAR would all be fatter as well.  The 

heritabilities of growth and carcass traits were very similar between TC and AAA. 

Implementing selection strategies that combine performance data from both purebred and 

commercial sources, such as combined crossbred purebred selection (CCPS), may be warranted 

in situations where low genetic correlations characterize the weak relationships between cattle 

performance in uniquely different production systems.  Such was the case between IBW and 

WW and between FBW and YW in this study.  To a lesser extent, the same concerns arise 

between CFAT and UFAT and between CMAR and UMAR. The strong, positive genetic 

correlation between CREA and UREA in Angus cattle grown in commercial feedlot and 



 

136 
 

purebred settings indicates that sire selection for ribeye area yields would result in the desired 

improvements across environments.   

A challenge in considering the inclusion of commercial or feedlot data in seedstock 

selection programs is cost.  The extra time and effort on behalf of commercial producers to 

measure phenotypes must be beneficial from a genetic selection standpoint.  Unfortunately, this 

cost/benefit tradeoff would be extremely difficult to evaluate.  Perhaps, creating a selection index 

with appropriate weighting for purebred and commercial information may provide avenues for 

effective selection in different environments whose production and marketing goals differ.  

Implementation of CCPS may be most relevant in commercial herds where cattlemen have 

traditionally depended on sire proofs composed of records from purebred progeny exclusively, 

but not their commercial progeny.    

The regression of sire breeding values on progeny feedlot phenotypes was producer 

oriented in nature and aimed to quantify selection results with changes in sire expected progeny 

difference EPD values.  The results indicated regression coefficients near 1 for carcass traits, 

suggesting that a 1 unit change in sire EPD would result in a near 1 unit change in progeny 

phenotype for CFAT, CMAR and CREA.  IBW and FBW were less clear with coefficients 

between 0 and 1.  If anything, both coefficients should be larger than 1 since IBW and FBW 

were measured later in life than WW and YW in purebred cattle.  The regressions of IBW, 

CFAT, CMAR, and CREA phenotypes on YW-EPD were not statistically significant, with the 

estimates of the coefficients not differing from zero.  For feedlot phenotypes and their 

corresponding EPD, results demonstrated selection on EPD should yield favorable changes in 

cattle performance for carcass merit, but not necessarily weight gain. 
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 The development of selection indexes aimed at improving performance of cattle, in 

a feedlot environment proved very useful in analyzing the relevance of CCPS to the cattle 

industry.  The ability to tailor indexes to different selection criteria information sources for the 

improvement of specified goal traits provided a useful example of this tools utility.  The 

advantage in CCPS, as determined by relative efficiency of selection responses, was clear for 

corresponding AAA and TC traits with weak or moderate genetic correlations.  For very strong 

genetic correlations among corresponding traits, measured in on-farm and feedlot production 

systems, the value of CCPS is likely diminished since sire selection should cause predictable 

changes in progeny performance.  Analyzing the efficiency of half-sib family size with goal trait 

records, compared to sires own records on an indicator trait, reaffirmed the underpinnings of 

genetic evaluation.  With few progeny records, the performance record of a sire itself proves 

useful in evaluation of that bull.  However, as the number of progeny records for a sire increases, 

the value of a performance record on the sire itself decreases.  The challenge for beef cattle 

producers becomes collecting phenotypes on various indicator and goal traits that are 

economically relevant, then determining which animals to select and what the final objective of 

that selection is.  Fortunately, this converges with the strengths of selection indexes; that is their 

ability to be adapted to goals of genetic improvement.  


