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CHAPTER I 
INTRODUCTION 

The beef industry has recognized the need to change the 
composition of its product, as shown by the adoption of a resolution 
at the 1989 National Cattleman's Association (NCA) convention which 
called for the development of a national research and implementation 
program to address the problem of waste fat. This need for change 
was brought to the forefront by the National Consumer Retail Beef 
Study (Cross et al., 1986) in which consumers indicated that the beef 
product they were buying was excessively fat. In turn, retailers were 
prompted to trim their product to .64 em of fat, instead of leaving 
1.27 em of fat or more on retail cuts. Later, when a National Beef 
Market Basket Survey was done in 1988 (Savell et al.) it showed that 
average trim had dropped to less than .32 em. However, at the packer 
level in 1988, the average U.S. Department of Agriculture Choice beef 
carcass was 30 to 3 5% fat (Topel and Kauffman, 1988). Therefore, the 
excess fat that the retailer buys from the packer is waste that is 
eventually paid for by the consumer. 

There are possible nutritional means of reducing fat content but 
the main advantage of genetic improvement is that it is permanent 
(Eisen, 1989). When this type of change is being attempted, selection 
should be used since it is the primary force for altering the average 
genetic composition of herds and breeds (Koch et al., 1974). In the 
beef industry, the seedstock producer would be the most efficient 
level at which to practice this selection, since that is the level where 
the majority of sires used in commercial herds are produced, and 
sires determine most of the genetic content in beef cattle populations 
(Koch et al., 1986). Expected progeny differences (EPD's) are currently 
the best way for the seedstock producer to identify genetically 
superior breeding animals within a breed. Therefore, a logical way to 
change carcass composition would be to supply producers with a 
carcass merit EPD. 

The American Angus Association, St. joseph, MO, does currently 
produce and report EPD's for several carcass traits based on progeny 
carcass data. However, Mr. John Crouch, Director of Performance 
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Programs for the American Angus Association, estimates that the 
current cost to get a sire evaluated for carcass merit in this manner is 
between $3,000 and $5,000 (Wilson et al., 1990b) which clearly 
demonstrates the possibility of price being a limiting factor in data 
collection. Evidence of this was apparent in the 1990 Fall Angus Sire 
Evaluation Report in which only 5 50 sires were evaluated for carcass 
EPD's (Wilson et al., 1990a), while in the same report 50,085 sires had 
been genetically evaluated for weaning weight. 

Bertrand et al. (1989) recommended the use of ultrasound 
technology for the collection of compositional data in beef cattle to 
avoid the high cost of obtaining carcass records as well as the 
required death of the animal. The authors also suggested that the 
most important traits for describing retail yield in beef cattle are 
currently backfat thickness (BFT) and longissimus muscle area (LMA) 
between the 12th and 13th ribs, mainly due to their inclusion in the 
USDA yield grade equation. Much attention has already been given to 
the accuracy of ultrasonic measures of BFT and LMA taken on live beef 
cattle. However, Wilson (1992), in a paper discussing the application 
of ultrasound for genetic improvement, listed the following research 
priorities for beef cattle: 

1) identification of measurements that can be made on the 
carcass and consequently with ultrasound on the live animal 
that are predictive of carcass composition; 2) development of 
appropriate procedures for dealing with differences in mean 
levels of fatness and differences in variation in cattle in diverse 
contemporary groups (i.e., different sexes, ages and feeding 
regimens); 3) development of growth models, within breed and 
sex, from serial scanning that will allow proper adjustment of 
scan records to a common end point; and 4) estimation of 
heritabilities and genetic correlations for ultrasound 
measurements at specific reference points for use in genetic 
evaluation programs for carcass merit. (p. 981) 

The objectives of this project were: 
1) To derive adjustment equations for fixed effects of ultrasonic 

BFT and LMA in a population of beef cattle, prior to the prediction of 
breeding values for these traits in those animals; 

2) to determine the degree of genetic variability in ultrasonic 
measures of BFT and LMA as well as their relationships with other 
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economically important traits in the same population of beef cattle; 
and 

3) to predict breeding values for each animal in that population. 
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CHAPTER II 
LITERATURE REVIEW 

Evaluation of Ultrasonic Backfat and 
Longissimus Muscle Area 

Accuracy of Ultrasonic Backfat and 
Longissimus Muscle Area 

Houghton and Turlington (1992), in a review of applications of 
ultrasound for feeding and finishing animals, stated that technological 
advances during the late 1970's and early 1980's have dramatically 
improved ultrasound equipment. Accuracies for live animal 
ultrasonic measures of carcass traits in beef cattle have mainly been 
reported on backfat thickness (BFT) and longissimus muscle area 
(LMA) between the 12th and 13th ribs, as correlation coefficients 
between live ultrasound traits and carcass traits, and mostly for 
slaughter cattle (steers and heifers). Cundiff (1991) assembled a 
summary table of correlation coefficients between ultrasonic and 
carcass estimates of BFT and LMA in steers or heifers, with almost 
three-fourths of the reports being from before 1975. The weighted 
averages of correlation coefficients in Cundiff's table for BFT and LMA 
were .65 and .52 respectively, and ranged from .32 to .93 for BFT and 
.22 to .89 for LMA. When these values are compared to those in Table 
2.1, which contains only reports from 1989 or later, it is evident that 
new ultrasound technology has positively affected the accuracy of 
ultrasonic measures of BFT and LMA, as reflected by correlation 
coefficients. Table 2.1 lists weighted averages of .84 and .65 for BFT 
and LMA respectively, and ranges of .68 to .96 for BFT and .43 to .93 
for LMA. 

Recently, several researchers have expressed dissatisfaction with 
the use of correlation coefficients alone to assess the accuracy of 
ultrasonic measures of BFT and LMA. Brethour (1992) stated: "A 
correlation coefficient enables hypothesis testing within a data set, 
but diversity and sample size affect coefficient values among different 
trials." Limitations of correlation coefficients noted by Houghton and 
Turlington (1992) in their review were the fact that correlations are 
influenced by the variation of the population (i.e., large variation will 
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produce high correlation coefficients, while uniform populations 
result in lower correlation coefficients), and correlation coefficients 
do not reflect bias. Green (1992), in making recommendations to the 
Beef Improvement Federation (BIF) for the certification of ultrasound 
technicians, also indicated that correlations are directly dependent on 
the variability of test animals and therefore should not be used to 
evaluate the accuracies of potential technicians. 

A different way that has been used to report the accuracy of live 
animal ultrasonic measures of carcass traits is frequency 
distributions. Hough et al. (1991) ultrasonically scanned 152 Angus 
and Charolais cattle for BFT and LMA, and found that ultrasonic BFT 
fell within .25 em of carcass BFT 64% of the time and ultrasonic LMA 
fell within 6.45 cm2 of carcass LMA 77% of the time. Henderson-Perry 
et al. (1989) noted a similar frequency for LMA and an even higher 
frequency for BFT, with ultrasonic BFT being within .3 em of carcass 
BFT 93% of the time in their study which included records for 227 
steers of mixed breeding. In a project using a total of 169 crossbred 
steers and bulls with small, medium and large frame sizes, Duello et 
al. ( 1990) also reported a LMA frequency close to that of Hough et al. 
(1991)--71% of the ultrasonic LMA's fell within 6.5 cm2 of carcass 
LMA's. 

Perkins et al. (1992a) used the same approach in a study done on 
crossbred steers (n = 495) and heifers (n = 151), but reported the 
frequency distributions of BFT and LMA measures for animals within a 
range of the carcass value for that trait. For instance, cattle with less 
than . 76 em of carcass BFT were ultrasonically measured within .2 5 
em of carcass BFT 75% of the time, cattle with . 77 to 1.0 em carcass 
BFT had ultrasonic BFT that close to carcass BFT 77% of the time, 
cattle with 1.1 to 1.27 em carcass BFT were in that same range 65% of 
the time and cattle with greater than 1.27 em carcass BFT were in the 
range 45% of the time. Breaking up the results in this manner allowed 
the authors to observe that ultrasound in this study was more precise 
in the estimation of BFT on cattle with less than 1.0 em actual BFT. 
The same type of analysis showed that LMA was measured most 
precisely by ultrasound in this study when actual LMA was between 
70.9 and 77.5 cm2--61% were ultrasonically measured within 6.5 cm2 
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of carcass measures. Another observation was made about the 
accuracy of ultrasonic LMA by Perry et al. (1992) when they reported 
that correlation coefficients between carcass LMA and ultrasonic LMA 
increased when fat thicknesses were below 2 em, in their study 
involving 186 cattle from five breeds. 

Two experiments were done by Smith et al. (1992) to evaluate the 
use of ultrasound for predicting carcass BFT and LMA in feedlot 
steers. The authors presented the data in the same manner as Perkins 
et al. (1992a), but used different ranges of carcass BFT and LMA for 
classifying animals. They also found that cattle with less actual BFT 
(less than 1.27 em) were measured for ultrasonic BFT more precisely 
in both experiments. Ultrasonic measures of BFT for these animals 
were within .2 5 em of carcass BFT 82 and 76% of the time for 
experiments 1 and 2 respectively, compared to cattle with greater than 
1.2 7 em carcass BFT that were ultrasonically measured for BFT within 
.25 em of carcass BFT 67 and 51% of the time, experiments 1 and 2 
respectively. In experiment 2 of the study, ultrasonic LMA was within 
6.5 cm2 of carcass LMA 62% of the time for cattle with carcass LMA's 
less than 97 cm2 and within that same distance only 35% of the time 
for cattle with carcass LMA's over 96 cm2. Smith et al. (1992) 
presented data in yet another way by calculating differences between 
ultrasonic and carcass values (residuals) and plotting these against the 
corresponding carcass trait. The resulting graphs indicated that 
ultrasonic measures in this study tended to over predict BFT for steers 
with less than 1.0 em BFT and under predict BFT for steers with more 
than 1.5 em BFT. They also showed that LMA tended to be over 
predicted for steers with LMA less than 71 cm2 and under predicted 
for steers with greater than 84 cm2. 

Perkins et al. (1992b) ultrasonically measured BFT and LMA on 36 
crossbred steers to study the accuracy of the measures, the 
repeatability of the measures and the effect of technician on the 
measures. In addition to the correlation coefficients and frequency 
distributions calculated by other authors, Perkins et al. (1992a) and 
Perkins et al. (1992b) also included error percentage rates as measures 
of accuracy. In these projects, error percentage rates were calculated 
as mean absolute differences between ultrasonic and carcass 
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measures of BFT and LMA, divided by the mean of the carcass trait. 
Mean absolute differences and error percentage rates improved (were 
lower) for LMA in the later (1992b) study (7.4 cm2 vs. 4.42 cm2 and 
9.4% vs. 6.1%) in which a new ultrasound machine was used. The 
Aloka SOOV used in the second study was equipped with a 17.2 em 
transducer which eliminated the use of a split screen to capture an 
entire LMA. The previously mentioned results indicate an 
improvement in the accuracy of ultrasonically measured LMA using 
the newer equipment. 

Repeatability within technician (i.e. a technician's ability to arrive 
at the same measurement more than once on one animal in a limited 
time period) could possibly be one of the most important factors in 
the assessment of ultrasonic measures to be used in genetic 
evaluations, since ranking of animals is of primary importance. In a 
brief overview of ultrasonic evaluations in beef cattle, Stouffer et al. 
(1989) stated that repeatability of ultrasonic measures had been 
correlated at .90 for both BFT and LMA. Brethour (1992), in a study 
where only ultrasonic BFT was evaluated on 217 cattle, reported a 
simple correlation of repeatability of .975 for BFT. He also noted that 
average absolute differences between two ultrasound measures on the 
same animal got larger (P < .001) as BFT increased, particularly when 
BFT was greater than 1.0 em. Two technicians were used by Perkins et 
al. (1992b) and were shown to have correlations between their own 
measurements on one animal of .90 and .97 for BFT, and .83 and .84 
for LMA, technicians 1 and 2 respectively. The authors in this study 
also used intraclass correlations as measures of repeatability which 
resulted in values of .88 and .93 for BFT, and .81 and .81 for LMA, 
technicians 1 and 2 respectively. 

All of these studies show that much research has been done to 
determine the accuracy of measures of ultrasonic BFT and LMA in 
finishing steers and heifers. Several overall conclusions can be drawn 
from the above information: 

1) Based on correlation coefficients and frequency distributions, 
ultrasonic measures of BFT and LMA are quite reliable in predicting 
carcass measures of BFT and LMA in slaughter cattle. 
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2) BFT is generally measured more accurately by ultrasound 
when actual BFT is 1.0 em or less. 

3) LMA is generally measured more accurately by ultrasound 
when actual LMA is greater than 71 cm2 and less than about 80 cm2, 
when actual BFT is less than 2.0 em and when split screen technology 
is not used. 

4) Ultrasonic measures of BFT and LMA are highly repeatable. 

Technician Effects 
Another question that some research projects have addressed is 

whether or not ultrasonic measures of BFT and LMA are affected by 
technicians. Mclaren et al. (1992) did show operator (n = 5) as a 
source of variation (P < .0 1) for both ultrasonic BFT and LMA in cattle 
(n = 18), but only when operators interpreted their own recordings 
(instead of one technician interpreting all operators' recordings), 
which indicated that recording images involved less error than 
interpreting them. Repeatabilities (intraclass correlations) of 
ultrasonic measures of BFT and LMA across five operators were low 
(.129 and .282). These facts led the authors to recommend technical 
training for those who wish to use ultrasound equipment to evaluate 
livestock in the field. 

Perkins et al. (1992b) evaluated technician effects on ultrasonic 
measures between two experienced operators. They reported no 
technician effects (P < .05) and high repeatabilities (intraclass 
correlations) between technicians for ultrasonic BFT (.92) and LMA 
(.80). Furthermore, repeatability estimates of LMA int.erpretation from 
videotape were .87 and .84 within technician and .81 and .71 between 
technicians. From these statistics, technician effects in this study 
seem to have been minimal, which could have been partially due to 
the two technicians having the same training and experience. 

These two studies indicate that training and experience are 
important when trying to control technician effects on ultrasonic 
measures of BFT and LMA. When records are being compared among 
cattle that have been ultrasonically measured by different technicians 
with dissimilar technical backgrounds, it may be necessary to include 
technician as a fixed effect in models describing those traits. 
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Ultrasonic Estimation of Carcass Composition 
The ultimate goal of evaluating cattle on the basis of ultrasonic 

measures of BFT and LMA is to affect their carcass composition. 
Therefore, it is of interest to know how highly these ultrasonic traits 
are related to actual carcass composition. The USDA currently 
predicts the amount of boneless, closely trimmed retail product from 
the chuck, rib, loin and round in beef carcasses with the yield grade 
equation. The yield grade equation includes BFT and LMA measured 
between the 12th and 13th ribs, percent kidney, pelvic and heart fat 
(KPH) and carcass weight (Murphey et al., 1960). When this equation 
was applied to the population from which it was obtained, the 
correlation between estimated yield of cuts and actual yield of cuts 
was .906. The equation was later evaluated by Abraham et al. (1980) 
on 280 beef carcasses and resulted in a correlation between actual and 
estimated yield of .90. These reports show that USDA yield grade is 
an accurate predictor of cutability. 

Perry et al. (1990) used live animal ultrasonic BFT and LMA, carcass 
weight and a standard 3.5% KPH to predict a yield grade for 53 steers. 
The correlation between the yield grade using ultrasonic traits and the 
USDA yield grade using carcass measures was .95. A similar 
procedure was used by Hough et al. ( 1991) to calculate yield grades 
for 15 2 Angus and Charolais cattle using ultrasonic BFT and LMA, 
except actual KPH was included in the calculation instead of a 
standard 3.5% KPH. The authors reported a correlation of .69 between 
the "ultrasonic" yield grade and the carcass yield grade. They also 
noted that ultrasonic yield grade was within .3 of carcass yield grade 
55% of the time and within .6 87% of the time. May et al. (1991) used 
669 slaughter cattle (steers and heifers) to predict carcass 
composition using live animal ultrasonic measures. When the percent 
of .64 em trimmed, boneless subrimals and percent fat trim were 
regressed on USDA yield grades, R2's of .72 and .82, respectively, 
were obtained. The authors also determined a three variable equation 
using ultrasonic BFT and LMA and an appropriate weight measure to 
predict percent .64 em trimmed, boneless subprimals and regressed 
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those prediction values on the actual percentages, which resulted in a 
R2 value of .57. 

Hamlin (1992), when doing a study involving 180 feedlot steers, 
found that ultrasonic BFT used by itself was a good predictor of 
percent retail product at 0 em trim and percent fat trim, as shown by 
R2's of .59 and .64 and residual standard deviations (RSD's) of 2.64 
and 2.89, respectively. A study was done by Faulkner et al. (1990) that 
also looked at the relationship between BFT and percent fat, in which 
4 7 Angus and Hereford cows were ultrasonically measured for BFT 
and LMA, and then slaughtered and analyzed for carcass composition. 
They found a correlation of .83 between carcass BFT and carcass fat 
percent, and a very similar correlation of .81 between ultrasonic BFT 
and carcass fat percent. 

The following conclusions can be drawn from the above studies 
relating ultrasonic measures to carcass composition: 

1) USDA yield grades derived from carcass measures are good 
predictors of retail yield. 

2) Equations using ultrasonic BFT and LMA instead of carcass 
BFT and LMA are effective in predicting USDA yield grade. 

3) More research needs to be done to develop prediction 
equations for carcass composition using only live animal traits 
(instead of carcass weight). 

4) Ultrasonic BFT is a good predictor of percent fat. 

Ultrasonic Backfat and Longissimus 
Muscle Area in Bulls 

Most studies using ultrasound to measure BFT and LMA have been 
focused on slaughter cattle, as shown by the previously cited studies, 
but some experiments have been done with bulls. Duello et al. 
( 1990a) used 169 crossbred bulls and steers to evaluate measures of 
ultrasonic BFT and LMA. They reported correlation coefficients of .85 
and . 79 between ultrasonic and carcass measures of BFT and LMA, 
respectively, and also noted that bull ultrasonic LMA's were 
consistently more closely correlated to carcass measurements than 
steers' ultrasonic LMA's. 
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Waldner et al. (1992) have reported the most recent and complete 
study done solely on bulls. Sixty Brangus bulls were ultrasonically 
evaluated and then slaughtered, 10 at a time, every 4 months. 
Accuracy of ultrasonic measures of BFT and LMA was assessed by 
correlation coefficients with carcass measures (.86 for BFT and . 73 for 
LMA) and by confidence intervals. They reported 99% confidence that 
ultrasonic BFT will lie within the range of -.08 to +.34 em of carcass 
BFT and 95% confidence that ultrasonic LMA will lie within the range 
of -4.8 to 20 cm2, when both are measured at 12 months of age. When 
all aspects of accuracy were considered over the different ages, the 
authors stated that the most accurate ages at which to measure BFT 
were 12 and 16 months of age, and the most accurate age at which to 
measure LMA was 12 months. 

Waldner et al. (1992) also evaluated technician (n = 4) effects. For 
measures of ultrasonic BFT, they found no differences (P >.OS) among 
3 out of 4 operators for mean actual differences between ultrasonic 
and carcass BFT or for absolute differences. Also, they reported little 
difference among LMA interpreters when bulls were measured at 12 
months of age. 

In the same study they also related live animal, ultrasonic 
measures of BFT and LMA to carcass composition, which was 
estimated by 9-10-11 rib chemical composition and USDA yield grade. 
Correlation coefficients between ultrasonic BFT, and lipid percent and 
yield grade were .65 and .61, respectively, which were comparable to 
the correlation coefficient between carcass BFT and lipid percent (.67), 
and the correlation coefficient between carcass BFT and yield grade 
(. 7 4). Also, prediction equations were formed to predict yield grade 
from live animal traits. The authors found that yield was best 
predicted using the following traits measured at 12 months of age: 
ultrasonic LMA, live weight and hip height (R2=.95, RSD=.14). 

The following points can be highlighted from the above literature 
on ultrasonic measures of BFT and LMA collected for bulls: 

1) Ultrasonic BFT and LMA measured in bulls predict carcass BFT 
and LMA as accurately, or possibly even more accurately, than 
ultrasonic BFT and LMA measured in slaughter cattle. 
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2) It would be best to measure bulls at yearling age to maximize 
the accuracy of both ultrasonic BFT and LMA. 

3) Technician effects also need to be analyzed in ultrasonic data 
sets collected on bulls, as in ultrasonic data sets collected on 
slaughter cattle. 

4) Ultrasonic data collected on bulls can be used to predict their 
carcass composition. 

Adjustment Techniques for Ultrasonic Backfat 
and Longissimus Muscle Area 

Hamlin (1992) in a study involving 180 feedlot steers, found age 
and weight to be significant sources of variation for both ultrasonic 
BFT and LMA. Additionally, Turner et al. (1990) reported age, weight 
and ultrasonic BFT to be significant sources of variation for ultrasonic 
LMA measured on 385 yearling Hereford bulls. If cattle are to be 
compared on the basis of ultrasonic BFT and LMA before breeding 
values are available for those traits, the effects of these sources of 
variation need to be adjusted for so that animals can be fairly 
evaluated. R.R. Willham (personal communication) stated that before 
adjustments could be made, it would be necessary to know how 
sources of variation are related to the ultrasonic trait (linearly or non
linearly) and some type of measurement protocol (i.e., how often an 
individual animal has to be ultrasonically measured to make an 
accurate adjustment). 

In the experiment conducted by Waldner et al. (1992) in which 60 
Brangus bulls were evaluated for composition every 4 months from 4 
to 24 months of age, BFT and LMA were assessed over time. The bulls 
measured at 4 and 8 months had negligible amounts of BFT, and BFT 
did not change (P >.OS) from 12 to 16 months but then increased 
rapidly up to 24 months. Actual LMA increased rapidly from 4 to 16 
months and then slowed in rate of increase after 16 months. These 
facts indicated that change in both BFT and LMA over time was non
linear in this study. 

R.R. Willham (personal communication) did report linear and 
quadratic effects to be significant in measures of both ultrasonic BFT 
and LMA, when effects were evaluated on 280 Angus bulls that were 
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scanned four times over 281 to 371 days of age (on average). 
However, Duello et al. (1990b), using 169 steers and bulls measured 
three times in the last 69 days of the feeding period for ultrasonic BFT 
and LMA, found only linear effects to be significant for ultrasonic BFT, 
while both linear and quadratic effects were significant for ultrasonic 
LMA. De Rose et al. (1988) also found only linear effects (P <.OS) of 
age on ultrasonic BFT when attempting to fit a model for estimating 
genetic variance components. Using 3,482 Hereford cattle from 3 20 
to 410 days old, Arnold et al. ( 1991) reported only linear effects of age 
on ultrasonic BFT and LMA. 

Turner et al. (1990), when using 385 yearling Hereford bulls to 
estimate genetic parameters, reported that ultrasonic BFT had no 
relationship with age (P > .10). They did, however, find linear age and 
weight effects (P < .01) on ultrasonic LMA, and linear and quadratic 
effects (P < .01) of ultrasonic BFT on ultrasonic LMA. The authors 
concluded that ultrasonic LMA should be adjusted for effects of age, 
weight and ultrasonic BFT. Turner et al. (1989) also reported the lack 
of a strong association of age with ultrasonic BFT, using 469 yearling 
Hereford bulls. The authors commented that linear models of 
ultrasonic LMA on age were more biologically correct for their data, 
but that models with quadratic effects should be used in data sets 
with wide age ranges. 

Duello et al. (1992) did a study aimed at determining a 
measurement protocol for adjusting ultrasonic measures of BFT and 
LMA to 365 days of age, using Simmental (n = 96) and Angus (n = 112) 
bulls scanned 4 times at monthly intervals. After trying several 
methods of adjustment procedures, they concluded that one 
ultrasonic measurement per animal, within a reasonable distance of a 
year of age, was enough to predict the ultrasonic measures at 365 
days of age. 

A couple of general conclusions that can be made from these 
studies, is that it appears to be necessary to test for both linear and 
quadratic age effects on ultrasonic BFT and LMA, and LMA should be 
further tested for the significance of weight and BFT effects (linear 
and quadratic). 
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Genetic Parameter Estimates of Ultrasonic 
Backfat and Longissimus Muscle Area 

When Wilson (1992) was discussing the application of ultrasound 
for genetic improvement, he pointed out the need for the estimation 
of heritabilities (h2's) and genetic correlations for ultrasonic 
measurements so that they can be used in genetic evaluation 
programs for carcass merit. Fairly recently, several researchers have 
reported genetic parameters for ultrasonic BFT and ultrasonic LMA. 

De Rose et al. ( 1988) used Canadian test station data on bulls of six 
different breeds to estimate h2's on several traits, by breed, including 
ultrasonic BFT measured between the 12th and 13th ribs. To calculate 
the h2 of ultrasonic BFT, they used a single trait, sire model, which 
included the fixed effect of test group and linear age as a covariate, 
and maximum likelihood procedures. Ultrasonic BFT h2's ranged from 
.25 to .76 across the six breeds, and had a weighted average of .49. 

Another study that reported genetic parameters for ultrasonic BFT 
was done by Lamb et al. (1990), using data from 824 Hereford bulls. A 
multiple-trait restricted maximum likelihood (REML) procedure was 
used to estimate h2's and genetic and phenotypic correlations. The 
fixed effects of feeding method and the covariates, age of dam and 
age at slaughter, were adjusted for prior to analysis because they were 
not accounted for in the REML procedures. The authors reported a h2 
of .24 for ultrasonic BFT, and the largest genetic correlation between 
ultrasonic BFT and the other traits analyzed was with carcass marbling 
(r = .21). 

In 1990, Turner et al. estimated genetic parameters for ultrasonic 
BFT and LMA, using records from 385 yearling Hereford bulls. Single 
trait sire models were used to estimate variance components with 
maximum likelihood procedures. The model for ultrasonic LMA 
included covariates of weight, age and ultrasonic BFT (linear and 
quadratic terms of each). Heritabilites of BFT and LMA were .04 and 
.12 respectively. 

Arnold et al. (1991) did a study involving 3,842 yearling Hereford 
cattle that represented 441 sires. Genetic parameters for ultrasonic 
BFT and LMA were obtained from two-trait sire models using REML 
procedures. All models included the fixed effect of contemporary 
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group, but two separate analyses were done, one using measurement 
age as a covariate and the other using measurement weight as a 
covariate. The data were adjusted for covariates prior to analyses. 
Heritabilities from the age-adjusted data for ultrasonic BFT and LMA 
were .26 and .28 respectively. The genetic correlation between BFT 
and LMA, and the genetic correlations between the two ultrasound 
traits and growth traits, were all positive and moderate in the age 
constant analyses. 

The most recent study that reports genetic parameter estimates for 
ultrasonic BFT and LMA is Johnson et al. (1992). Records from 1,613 
Brangus cattle were used, and variance components were estimated by 
a derivative-free restricted maximum likelihood algorithm. Ultrasonic 
LMA and ultrasonic BFT had h2 estimates of .40 and .14 respectively. 
The authors also reported that all weight/growth traits were positively 
genetically correlated to ultrasonic LMA and ranged from .17 to .66. 
Genetic correlations of BFT with LMA, weaning weight and post
weaning gain were reported as .12, -.17 and .42. 

The genetic parameters for ultrasonic BFT and LMA reported to 
date indicate that these traits are under some level of additive genetic 
control and therefore could be altered by selection, and are usually 
positively correlated to weight and growth traits. However, more 
studies need to be done to estimate genetic parameters for ultrasonic 
BFT and LMA in other breeds of cattle, and they need to be done using 
the most current technology available. 

Genetic Parameter Estimation 
Restricted Maximum Likelihood (REML) 

Meyer (1990), when evaluating statistical procedures for estimating 
variance and covariance components, stated that REML estimation 
fitting an animal model was the 'state of the art' in the field of animal 
breeding. Restricted maximum likelihood was derived by Patterson 
and Thompson (1971) who used maximum likelihood (ML) principles, 
but eliminated the bias associated with ML due to the process used to 
estimate fixed effects. Since the release of their publication, the 
animal breeding community has broadly endorsed the use of REML for 
estimating variance components for several reasons. 
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Restricted maximum likelihood algorithms make use of all of the 
information from an animal model (Sorenson and Kennedy, 1984), 
which results in the primary positive attribute of REML that is, when 
used with a full animal model, it accounts for selection bias (Meyer, 
1990). Another way REML improves the accuracy of estimates, is by 
using the degrees of freedom for fixed effects in the model. 
Furthermore, when an expected-maximization (EM) REML algorithm 
(which requires the first derivative of the maximum likelihood 
function to be optimized) is used, data sets can be analyzed that have 
missing observations (Meyer, 1990), and if priors for variances and 
covariances are positive definite, they will remain positive definite at 
each round of iteration (Henderson, 1984). Also, REML procedures do 
not require prior knowledge of true variances, while another ML 
algorithm, minimum variance quadratic unbiased estimator (MIVQUE), 
does (Sorenson and Kennedy, 1984). One more unique characteristic 
of REML algorithms is that they produce estimates that fall within the 
parameter space (Henderson, 1986). 

There is, however, one major problem with implementing the use 
of REML on a large scale. Mitzal (1990) stated that, when applying 
variance component estimation procedures, the best choices of 
estimation are often compromised by computational expenses. This is 
the case with REML in that it requires the inversion of a different 
coefficient matrix in each successive round of iteration, and inverting 
the coefficient matrix is the most CPU time-consuming part of 
variance component estimation (Lin, 1988). For these reasons, it can 
be concluded that the best way to estimate variance and covariance 
components is by using EM-type REML algorithms with a full animal 
model, if it is computationally feasible. 

Multiple Trait Models 
Henderson ( 1984) stated that the most important reason for the 

multi trait estimation of variance components is that it produces direct 
estimates of genetic and residual covariances for use in genetic 
evaluations. Another reason for using multitrait estimation 
procedures is that they have been shown to be more accurate than 
single trait estimations when selection has taken place. Walter and 
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Mao (1985) used simulated populations under different selection 
intensities to compare the estimation of variances and covariances in 
single and multiple trait REML estimators. The three methods of REML 
estimations they used were a single trait analysis (ST), a multitrait 
analysis with zero residual covariance (MT-0), and a multitrait analysis 
that did not assume zero residual covariance (MT). They noted that 
when culling selection was used in a data set, the MT model 
consistently produced the most accurate estimates, withSTand MT-0 
being similar in levels of accuracy. 

Schaeffer ( 1984) pointed out a couple of negative aspects to using 
multitrait models. First of all, he stated that costs would be greater 
for multitrait versus single trait analyses because of time needed to 
construct a greater number of equations and then to solve a larger set 
of equations iteratively. Schaeffer (1984) also mentioned that 
convergence might be slowed due to an increased number of off
diagonal, non-zero elements. In a later paper, Schaeffer ( 1990) noted 
that, because of computational difficulties, it is not possible to 
directly estimate residual covariances in a multitrait model, where 
·models for each trait are not the same and when there are missing 
observations for one or more trait. This is not favorable because 
often times data sets do not have the same models among traits. 
Furthermore, if a multi trait model is being used to account for 
selection, there will definitely be missing observations in the data 
sets. 

Sire Maternal Grandsire (SMGS) Models 
Sorenson and Kennedy ( 1984) stated that completely unbiased 

estimation of variance components requires the use of an animal 
model and the complete relationship matrix. However, they go on to 
point out that the animal model is very computationally demanding. 
The use of a SMGS model will not account for all selection bias like the 
animal model, but does allow for the estimation of maternal effects 
and the inclusion of relationships between sires and maternal 
grandsires (Everett et al., 1979). Also, a positive consequence of using 
a SMGS instead of an animal model is the tendency towards faster 
convergence (C.H. Mallinckrodt, personal communication). 
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Genetic Parameter Estimates 
Table 2.2 is a summary that was compiled by Koots et al. (1991) of 

genetic parameters for various performance traits in beef cattle. The 
authors included traits with the most published estimates, which 
resulted in carcass traits not being included. Arnold et al. (1991), in a 
brief summary of genetic parameters for carcass traits, stated that 
studies had reported h2's for BFT that ranged from .24 to .68 and for 
LMA that ranged from .25 to .56. 

Conclusions 
From this literature, ultrasound has been shown to be a reliable 

option for estimating the carcass traits of BFT and LMA, as well as for 
estimating carcass composition. Ultrasonic BFT and LMA were further 
shown to be under some level of additive genetic control. These facts 
lead to the conclusion that after more genetic parameters are 
produced for these traits, they could effectively be incorporated into 
beef cattle genetic evaluation programs. Any future estimates of 
genetic parameters for ultrasonic BFT and LMA should be produced 
using the most accurate methods computationally possible. However, 
to truly understand what is being quantified when breeding values are 
produced for ultrasonic measures, studies need to be done to define 
the relationship between ultrasonic measures on breeding animals, 
and the carcass merit of their offspring. 

18 



Literature Cited 

Abraham, H.C., C.E. Murphey, H.R. Cross, G.S. Smith, and W.]. Franks, 
Jr. 1980. Factors affecting beef carcass cutability: An evaluation 
of the USDA yield grades for beef. ]. Anim. Sci. 50:841. 

Arnold, ].W., ].K. Bertrand, L.L. Benyshek, and C. Ludwig. 1991. 
Estimates of genetic parameters for live animal ultrasound, 
actual carcass data, and growth traits in beef cattle.]. Anim. Sci. 
69:985. 

Bertrand, ].K., L.L. Bernyshek, D.E. Little, M.H. Johnson, L.A. Kriese, 
and]. W. Arnold. 1989. Carcass expected progeny differences. In: 
Proc. Beef Improvement Federation Research Symposium and 
Annual Meeting, Nashville,TN. 

Brethour, ].R. 1992. The repeatability and accuracy of ultrasound in 
measuring backfat of cattle.]. Anim. Sci. 70:1039. 

Cross, H.R., ].W. Savell, and].]. Francis. 1986. National Consumer 
Retail Beef Study. Proc. Recip. Meat Conf. 39:112. 

Cundiff, LV. 1991. Ultrasound estimation of carcass EPD's. In: Proc. 
Beef Improvement Federation Research Symposium and Annual 
Meeting, San Antonio, TX. 

De Rose, E.P., ].W. Wilton, and L.R. Schaeffer. 1988. Estimation of 
variance components for traits measured on station-tested beef 
bulls. ]. Anim. Sci. 66:626. 

Duello, D.A., G.H. Rouse, and D.E. Wilson. 1990a. Real-time ultrasound 
· as a method to measure ribeye area, subcutaneous fat cover and 

marbling in beef cattle.]. Anim. Sci. 68(Suppl.1):240 (Abstr.). 

Duello, D.A., D.E. Wilson, and G.H. Rouse. 1990b. Serial real-time 
ultrasound measurements of three frame sizes of steers and 
bulls to evaluate relative rates of change in body composition. ]. 
Anim. Sci. 68(Suppl.l):240 (Abstr.). 

Duello, D.A., D.E. Wilson, and G.H. Rouse. 1992. Adjustment factors 
and heritability estimates of ultrasonically measured carcass 
traits for yearling bulls from cooperator herds- progress report. 
In: 1992 Beef and Sheep Research Report, Iowa State University, 
Ames. 

19 



Eisen, E.]. 1989. Selection experiments for body composition in mice 
and rats: A review. Livest. Prod. Sci. 23:17. 

Everett, R.W., R.L. Quaas, and A.E. McClintock. 1979. Daughter's 
maternal grandsires in sire evaluation.]. Dairy Sci. 62:1305. 

Faulkner, D.B., D.F. Parett, F.K. McKeith, and L.L. Berger. 1990. 
Prediction of fat cover and carcass composition from live and 
carcass measurements. ]. Anim. Sci. 68:604. 

Green, R.D. 1992. Beef cattle ultrasound technician certification: 
Proposal for revised guidelines. In: Proc. Beef Improvment 
Federation Research Symposium and Annual Meeting, Portland, 
OR. 

Hamlin, K.E. 199 2. Evaluation of sources of variation affecting 
ultrasonic predictors of carcass merit in beef cattle. M.S. Thesis, 
Texas Tech University, Lubbock. 

Henderson, C.R. 1984. Estimation of variances and covariances under 
multiple trait models.]. Dairy Sci. 67:1581. 

Henderson, C.R. 1986. Recent developments in variance and 
covariance estimation.]. Anim. Sci. 63:208. 

Henderson-Perry, S.C., L.R. Corah, and R.C. Perry. 1989. The use of 
· ultrasound in cattle to estimate subcutaneous fat thickness and 

ribeye area. ]. Anim. Sci. 6 7(Suppl.l):43 3 (Abstr.). 

Hough, ].D., W.O. Herring, D.R. Mulvaney, and J.L. Holliman. 1991. 
Accuracy of real-time ultrasound measurement of carcass 
composition in two breeds of beef cattle. ]. Anim. Sci. 69(Suppl. 
1): 7(Abstr.). 

Houghton, P.L., and L.M. Turlington. 1992. Application of ultrasound 
for feeding and finishing animals: A review. ]. Anim. Sci. 70:930. 

Johnson, M.Z., R.R. Schalles, M.E. Dikeman, and L.C. Martin. 1992. 
Genetic parameter estimates of ultrasound-measured ribeye 
area, twelfth-rib fat thickness and growth traits in Brangus 
cattle.]. Anim. Sci. 70(Suppl. 1):381(Abstr.). 

20 



Koch, R.M., ].B. Gibb, and ].A. Gosey. 1986. Evaluation of beef cattle 
industry breeding programs: Breeders and breed associations. 
Proc. 3rd World Congress on Genetics Applied to Livestock 
Production. 9:398. 

Koch, R.M., K.E. Gregory, and L.V. Cundiff. 1974. Selection in beef 
cattle. I. Selection applied and generation interval. ]. Anim. Sci. 
39:449. 

Koots, K.R., J.P. Gibson, and ].W. Wilton. 1991. Analysis of genetic 
parameters for beef cattle. ]. Anim. Sci. 69(Suppl.1):205 (Abstr.). 

Lamb, M.A., O.W. Robison, and M.W. Tess. 1990. Genetic parameters 
for carcass traits in Hereford bulls.]. Anim. Sci. 68:64. 

Lin, C.Y. 1988. Four equivalent sets of mixed-model equations with 
relationship matrix for estimation of genetic parameters. ]. 
Anim. Sci. 66:162 7. 

May, S.G., ].W. Savell, W.L. Miles, ].W. Edwards, F.L. Williams, ].W. 
Wise, and L.L. Pelton. 1991. Predicting beef carcass composition 
using live estimates and real-time ultrasound. ]. Anim. Sci. 
69(Suppl. 1):18 (Abstr.). 

McDonald, A. 1991. Genetic prediction of ultrasound evaluation in 
Australia. In: Proc. Beef Improvement Federation Research 
Symposium and Annual Meeting, San Antonio, TX. 

McLaren, D.G., ]. Novakofski, D.F. Parrett, L.L. Lo, S.D. Singh, K.R. 
Neumann, and F .K. McKeith. 1991. A study of operator effects 
on ultrasonic measures of fat depth and longissimus muscle 
area in cattle, sheep and pigs.]. Anim. Sci. 69:54. 

Meyer, K. 1990. Present status of knowledge about statistical 
procedures and algorithms to estimate variance and covariance 
components. In: Proc. 4th World Congress on Genetics Applied 
to Livestock Production. 13:407. 

Misztal, I. 1990. Restricted maximum likelihood estimation of variance 
components in animal model using sparse matrix inversion and 
a super computer.]. Dairy Sci. 73:163. 

Moylan, ].C. 1990. Ultrasound, linear measurement and visual 
evaluation of cattle. M.S. Thesis, Texas Tech University, 
Lubbock. 

21 



Murphey, C.E., D.K. Hallett, W.E. Tyler, and ].C. Pierce. 1960. 
Estimating yields of retail cuts from beef carcasses. Presented at 
the 62nd Meet. of the Amer. Soc. of Anim. Prod., Chicago, IL. 

Oltjen, ].W., M.T. Smith, H.G. Dolezal, D.R. Gill, and B.D. Behrens. 
1989. Evaluation of ultrasonic carcass fat thickness and muscle 
area prediction in feedlot steers. ]. Anim. Sci. 6 7(Suppl. 1):440 
(Abstr.). 

Patterson, H.D., and R. Thompson. 1971. Recovery of inter-block 
information when block sizes are unequal. Biometrika. 58:545. 

Perkins, T.L., R.D. Green, and K.E. Hamlin. 1992a. Evaluation of 
ultrasonic estimates of carcass fat thickness and longissimus 
muscle area in beef cattle.]. Anim. Sci. 70:1002. 

Perkins, T.L., R.D. Green, K.E. Hamlin, H.H. Shepard, and M.F. Miller. 
1992b. Ultrasonic prediction of carcass merit in beef cattle: 
Evaluation of technician effects on ultrasonic estimates of 
carcass fat thickness and longissimus muscle area. ]. Anim. Sci. 
70:2758. 

Perry, T.C., S.]. Ainslie, M.]. Traxler, D.G. Fox, and ].R. Stouffer. 1990. 
Use of real-time and attenuation ultrasonic measurements to 
determine backfat thickness, ribeye area, carcass marbling and 
yield grade in live cattle.]. Anim. Sci. 68(Suppl.1):337. 

Perry, T.C., ].R. Stouffer, and D.G. Fox. 1989. Use of real-time and 
attenuation ultrasound measurements to measure fat 
deposition, ribeye area and carcass marbling. ]. Anim. Sci. 
67(Suppl. 1):120 (Abstr.). 

Robinson, D.L., C.A. McDonald, K. Hammond, and ].W. Turner. 1992. 
Live animal measurement of carcass traits by ultrasound: 
Assessment and accuracy of sonographers. ]. Anim. Sci. 
70:1667. 

Savell, ].W., H.R. Cross, D.S. Hale, and L. Beasley. 1988. National Beef 
Market Basket Survey. Final Report to the Cattleman's Beef 
Board. 

Schaeffer, L.R. 1984. Sire and cow evaluation under multiple trait 
models.]. Dairy Sci. 67:1567. 

22 



Schaeffer, L.R. 1990. Problems in estimating covariance matrices in 
multitrait animal models. Proc. 4th World Congress on Genetics 
Applied to Livestock Production. 13:441. 

Smith, M.T., ].W. Oltjen, H.G. Dolezal, D.R. Gill, and B.D. Behrens. 
1992. Evaluation of ultrasound for prediction of carcass fat 
thickness and longissimus muscle area in feedlot steers.]. Anim. 
Sci. 70:29. 

Sorenson, D.A., and B.W. Kennedy. 1984. Estimation of genetic 
variances from unselected and selected populations.]. Anim. 
Sci. 59:1213. 

Stouffer, ].R., T.C. Perry, and D.G. Fox. 1989. New techniques for real
time ultrasonic evaluations of beef cattle. ]. Anim. Sci. 6 7(Suppl. 
1):121 (Abstr.). 

Topel, D.G., and R. Kauffman. 1988. Live animal and carcass 
composition measurements. In: Designing Foods: Animal 
Product Options in the Marketplace. p 258. National Academy 
Press, Washington, D.C. 

Turner, ].W., L.S. Pelton, and H.R. Cross. 1990. Using live animal 
ultrasound measures of ribeye area and fat thickness in yearling 
Hereford bulls.]. Anim. Sci. 68:3502. 

Waldner, D.N., M.E. Dikeman, R.R. Schalles, W.G. Olson, P.L. Houghton, 
].A. Unruh, and L.R. Corah. 1992. Validation of real-time 
ultrasound technology for predicting fat thicknesses, 
longissimus muscle areas, and composition of Brangus bulls 
from 4 months to 2 years of age.]. Anim. Sci. 70:3044. 

Walter, J.P., and I.L. Mao. 1985. Multiple and single trait analyses for 
estimating genetic parameters in simulated populations under 
selection. ]. Dairy Sci. 68:91. 

Wilson, D.E. 1992. Application of ultrasound for genetic improvement. 
]. Anim. Sci. 70:973. 

Wilson, D.E., S. Northcutt, and G. Rouse. 1990a. 1990 Fall Angus 
Carcass Evaluation. American Angus Association Sire Evaluation 
Report. Fall:32. 

23 



Wilson, D.E., G. Rouse, and D. Duello. 1990b. Review of the research 
relating to carcass EPD's. In: Proc. Beef Improvement Federation 
Research Symposium and Annual Meeting, Ontario, Canada. 

24 



Table 2.1. Recent Reports of Correlations (Corr.) Between Ultrasonic 
and Carcass Measures of Backfat Thickness (BFT) and 
Longissimus Muscle Area (LMA) in Slaughter Cattlea 

BFT LMA 
Equip-

Investigator (Year) ment N Mean so Corr. Mean so Corr. 

Perkins et al. (199 2a) Aloka 646 .92 .38 .75 78.5 9.2 .60 
2100X 

Perkins et al. (1992b) Aloka 36 .82 .41 .86 72.4 9.0 .79 
soov 

Moylan, ].C. (1990) Aloka 31 1.0 .so .87 88.0 11.7 .76 
soov 

Duello et al. (1990) Aloka 633 84 .82 .63 

Henderson-Perry 227 .85 .71 
et al. (1989) 

Oltjen et al. (1989) Aloka 315 1.4 .45 .81 78.4 8.1 .43 
2100X 

Perry et al. (1990) G.E. 53 .96 .90 
Oatason 

Perry et al. (1989) G.E. 186 .86 .76 
Datason 

Hough et al. (1991) Aloka 152 .92 .25 79.0 14.0 .93 
2100X 

McDonald, A. (1991) Aloka 30 .87 .87 
2100X 

Aloka 30 .84 .90 
soov 

Faulkner et al. ( 1990) Aloka 47 .56 .55 .89 
2100X 

Smith et al. (1992) Aloka 137 1.4 .48 .82 86.4 9.6 .63 
2100X 

Brethour et al. (1992) Aloka 580 .90 .90 
2100X 

175 1.1 .37 .92 

aN = number of animals, SD = standard deviation. 
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Table 2.2. Genetic Parameters for Beef Cattlea 

WWTdb WWTm 
WWTd .26** -.39 
WWTm .21 * 
GAIN .11 ** .09 
sc .32 .36 

aKoots, et al. (1991). 
Mean heritabilities on diagonal. 
Genetic correlations above diagonal. 
Phenotypic correlations below diagonal. 

hsee text for definitions of acronyms. 
d =direct. 
m = maternal. 

* > 20 estimates contributing. 

**> 50 estimates contributing. 
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.39** .33 
.10 .17 
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CHAPTER III 
TECHNIQUES FOR THE ADJUSTMENT OF LIVE 

ANIMAL ULTRASONIC PREDICTORS OF 
CARCASS MERIT IN YEARLING 

BREEDING CATTLE 

Abstract 
The objectives of this study were to evaluate age and weight effects 

on live animal ultrasonic predictors of carcass composition in 
breeding age bulls and heifers. All data were collected in a production 
setting in cooperation with Ankony Shadow Isle, Minatare, NE. 
Available bulls and heifers between the ages of 250 and 550 d were 
ultrasonically measured for backfat thickness (BFT) and longissimus 
muscle area (LMA) six times during a 20 month period by one of two 
technicians. Regression equations were calculated, by sex (males, n = 

1,321 and females, n = 1,151), for BFT, BFT per 45 kg weight (BFKG) 
and LMA per 45 kg weight (LMKG) on age, along with LMA on BFT and 
age. In each of these equations, variation in the independent 
variable(s) affected (P < .05) variation in the dependent variable. 
Equations were developed, using the appropriate regression 
coefficients, to adjust BFT, BFKG and LMKG measurements to one year 
of age as well as to adjust LMA to one year of age and .64 em of BFT. 
Ultrasonic records for each animal that were taken closest to 365 d of 
age were adjusted using these equations. Several other adjustment 
procedures, using different subsets of the data, were done and then 
compared to adjustments made from the original analysis by simple 
and rank correlations. Results indicated that taking one set of 
ultrasonic measures per animal and using the resulting herd data to 
calculate adjustment formulas, produced very similar rankings when 
compared to using serial measures for each animal. Furthermore, 
adjusting LMA for the quadratic effects of BFT and age (ALMA) was 
revealed as the method that most successfully reduced environmental 
variation in LMA, while BFT, in these cattle, did not show a consistent 
relationship with age. In conclusion, since it is desirable to compare 
animals on the basis of measures reflecting carcass composition 
without added environmental variation, these types of adjustment 
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formulas may be useful in the characterization of carcass merit for 
national cattle evaluation programs. 

Introduction 
There is a need in the beef industry to alter the composition of its 

product. This need for change was brought to the forefront by the 
National Consumer Retail Beef Study (Cross et al., 1986) in which 
consumers indicated that the beef product they were buying was 
excessively fat. There are possible nutritional means of reducing the 
fat content of beef cattle but genetic improvements have the 
advantage of permanence (Eisen, 1989). Furthermore, in this 
industry, the seedstock producer would be the most efficient level at 
which to practice genetic selection for leanness, since the ultimate 
genetic content of commercial herds and those segments that evolve 
from them is determined by the succession of sires used (Koch et al., 
1986). EPD's are currently the best tool the seedstock producer has to 
identify superior breeding animals within a breed. Therefore, a 
logical way to change carcass composition would be to supply 
producers with carcass merit EPD's. However, before this can be 
accomplished several steps need to be taken. One of these steps is 
the collection of large data sets that include carcass traits measured 
on live animals and the evaluation of these traits for potentially 
necessary adjustments so that animals can be fairly compared. This is 
especially pertinent because beef cattle producers are already 
collecting ultrasound information, but currently do not have EPD's on 
individuals to be able to utilize that information in an unbiased 
manner. Thus, the objective of this study was to evaluate age and 
weight effects on live animal ultrasonic predictors of carcass merit in 
breeding age bulls and heifers. 

Materials and Methods 
Bulls and heifers, between the ages of 250 and 550 d, of Ankony 

Shadow Isle Angus were measured in October and December of 1990, 
january, March and june of 1991 and March of 1992. This sampling 
procedure resulted in each animal being represented in the data set at 
one to five different points on their growth curve (n = 877 heifers and 
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n = 804 bulls). The seedstock operation this project was done in 
cooperation with consists of approximately 2,000 brood cows. The 
cow herd is maintained on range conditions in western Nebraska. 
Calving is concentrated into January, February-March, May and 
September-October groups. All bulls are evaluated on a postweaning 
performance gain test under feedlot conditions at a bull evaluation 
center on the ranch. Females are managed to allow breeding for 
calving as two year olds. Performance data for the herd follow the 
guidelines of the Angus Herd Improvement Record System of the 
American Angus Association, St. joseph, MO. and the 
recommendations of the Beef Improvement Federation (BIF, 1990). 

The ultrasonic measurements were taken by one of two trained 
ultrasound technicians from Texas Tech University using an Aloka 
500V linear array real-time ultrasound unit equipped with a 3.5 MHz, 
17 em linear probe (Corometrics Medical Systems, Wallingford, CT). 
No technician differences were found between these two operators in 
a stUdy by Perkins et al.(l991). The location of transducer placement 
was determined by palpation between the 12th and 13th ribs on the 
left side of each animal. This location was then oiled, curried free of 
dirt and debris and then oiled again (with vegetable oil). A super flab 
guide was used to insure proper contact between the flat ultrasound 
transducer and the curvature of the animal's back. Backfat thickness 
(BFT) was estimated using the Aloka 500's internal calipers at the time 
of measurement, while longissimus muscle area (LMA) between the 
12th and 13th ribs was traced from recorded images using computer 
software (PLUSMORPH, Woods Hole Educational Associates, Woods 
Hole, MA). Other data collected included: weight (WT) of animal when 
ultrasonic images were taken, date of measurement and sex. 

Diagnostic plotting techniques were used to determine which 
models were most appropriate for the data. Prior findings of different 
growth curves among the sexes (Brown et al., 1972), prompted 
regression equations to be calculated separately for male records (n = 

1,321) and female records (n = 1,151). For both sexes, LMA was 
regressed on age and BFT (EQl), LMA per 45 kg WT (LMKG) was 
regressed on age (EQ2), BFT was regressed on age (EQ3) and BFT per 
45 kg WT (BFKG) was regressed on age (EQ4). Due to the appearance 
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of nonlinearity for ultrasound traits in the diagnostics, each equation 
was also tested for quadratic effects and only regression coefficients 
with P < .05 were used in adjustment calculations. The following is an 
example of an adjustment formula that would be used to adjust a trait 
with linear age effects to 365 d of age: 

Yadjusted = Yi + /j(365 -Xi) . 

Adjustments were performed on the record of an animal taken closest 
to yearling age (365 d). All age adjustments were made to a constant 
365 d of age while the BFT adjustment for LMA was made to a constant 
.64 em of BFT. 

Three other analyses were done to discern possible differences 
between the data collection protocol used in this study (multiple 
records on some animals), and other potential methods of collecting 
and characterizing ultrasound data. The first of these three analyses 
was done using procedures similar to those used in the original 
analysis, but only included data from animals with three or more 
records over time so that each animal's records could be used to 
determine individual regression coefficients. Overall regression 
coefficients were also obtained from this edited data in order to 
compare measures that were adjusted using overall regression 
coefficients versus measures adjusted using individual regression 
coefficients. Results from this analysis were quantified as rank 
correlation coefficients between adjusted measures. 

The next analysis was done using the one record for each animal 
that was taken closest to 365 d of age. Regression equations were 
fitted and adjustments were made for these data in the same way they 
were for the data in the original analysis. The last analysis involved 
adjusting the original data set for weight differences in the same 
manner age differences were adjusted for in the original analysis. 
Results from the last two analyses were compared to adjusted 
measures from the original analysis using rank and/or regular 
correlation coefficients. 
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Results and Discussion 
Tables 3.1 and 3.2 list original data and adjusted value descriptive 

statistics. Mean values for the unadjusted data on the bulls were 
486.6 kg for WT, 355.7 d for age, .62 em for BFT and 77.29 cm2 for 
LMA. The females had averages of 387.9 kg for WT, 364.4 d of age, 
.64 em of BFT and 63.85 cm2 for LMA. The variation in the ultrasonic 
measures was similar to the levels of variation reported by R.R. 
Willham (personal communication) for ultrasonic BFT and LMA in 
Angus cattle, as well as the variation reported by Arnold et al. ( 1991) 
and Turner et al. (1990) for the same traits measured in Hereford 
cattle. Also, coefficients of variation revealed that BFT was almost 
twice as variable as LMA in all studies. 

The regression analyses including the entire data sets resulted in 
all of the dependent variable effects being quadratic (P < .05). Tables 
3.3 and 3.4 list the regression equations with their respective 
standard error of the estimates (SEE) and R-squared values (R2). R.R. 
Willham (personal communication) found regression coefficients for 
linear and quadratic age effects on BFT, in Angus bulls, that are 
almost identical to those reported for the bulls in this study. Yet, 
there were differences in the regression coefficients for LMA on age 
between the two studies that indicated a higher percent of later 
maturing bulls in the Ankony data set. Arnold et al. ( 1991) and Turner 
et al. ( 1990) both reported only linear age effects as significant for 
ultrasonic measures of BFT and LMA taken on Hereford cattle, while in 
this study quadratic age effects were evident for all ultrasound 
measures except for LMA regressed on age alone, using the male data. 
These differences could be a result of a larger range of ages being 
represented in the data sets used in this study. However, Turner et al. 
(1989) did find quadratic effects when regressing LMKG on age, in 
Hereford bulls, that were comparable to the quadratic effects noted 
for the Angus bulls in this study. 

As mentioned earlier, individual regression equations were 
calculated for each animal with three or more records over time (n = 

54 females , n = 207 males) using the same models that were used to 
calculate the equations in Tables 3.3 and 3.4, except in the case of 
EQ1 where there was not enough information on individual animals to 
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allow fitting of that model. The regression coefficients that were 
estimated in this manner were then used in individual adjustment 
calculations for each animal. The purpose for doing this was to 
compare adjustments made using equations developed from herd data 
versus individual data. The results of this were encouraging with 
females having high (P < .0001) rank correlations between measures 
adjusted from the entire, edited data set and measures adjusted 
individually. The males had similar (P < .0001) rank correlations 
between the two adjustment methods, as shown below: 

Male 

Female 

BFr 

.98 

.98 

BFKG 

.99 

.98 

LMKG 

.95 

.92 

These large, positive correlations were favorable because ultrasound 
measures, in practice, will probably only be taken once in an animal's 
life and these results indicated that adjusting records on the basis of 
regression coefficients obtained from an entire contemporary group 
would have the same effect as adjusting the same records on the basis 
of individual regression coefficients. However, this conclusion 
needed further reinforcement because the entire data set included all 
measures, some of which were serial measures on individual animals. 

Therefore, to more precisely determine the effect of using one 
measure per animal, an analysis was done based on the regression 
coefficients from the data set that only included each animal's 
ultrasonic measure taken closest to 365 d of age. Adjustments were 
made on ultrasonic data using these results and were compared to 
measures that were adjusted using coefficients from the original 
analysis, based on the following rank correlations between the two 
procedures: 

LMA LMKG BFr BFKG 

Male .97 .98 .93 .94 
Female .99 .99 .96 .99 
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When the above correlations were noted, it appeared that adjustments 
resulting from this method ranked animals similarly to adjustments 
made based on the entire data set, which shows that one measurement 
per animal is adequate for developing adjustment equations based on 
regression coefficients from herd data. Duello et al. (1992) also 
reported that just one measure per animal was suitable for use in 
adjustment techniques for ultrasonic traits, as long as they were 
measured within a reasonable distance of the age to which they are 
being adjusted (usually 365 days). 

The next comparisons of adjustment methods were done to 
evaluate the appropriateness of using BFKG and LMKG as weight 
constant measures, versus adjusting BFT and LMA for weight 
differences in the same way they were adjusted for age differences. 
Weight ratios were originally used in this study due to the inclusion of 
LMKG in other studies in which ultrasound data were analyzed 
(Turner, 1989 and Turner et al., 1990). However, this extra analysis 
was done because of the conclusion of Dinkel et al. (1965) that weight 
ratios did not adjust for weight effects, they just changed the sign of a 
vari.able's relationship with weight. Both adjustment techniques (i.e., 
adjusting both of the "weight constant" measures for age, A TRAIT) for 
LMA seemed to rank animals similarly, but, using regression 
coefficients for adjustments (WLMA) instead of weight ratios seemed 
to account for more of the variation in LMA due to weight variation, in 
both sexes. 

Male 
Female 

Rank Correlation 
AWLMA,ALMKG 

.95 

.95 

Regular Correlations 
LMKG,WT WLMA,WT 

-.53 -.29 
-.48 -.12 

Therefore, adjusting LMA for WT, and then calculating a regression 
coefficient and doing the resulting adjustment for age on this weight 
adjusted variable, was a procedure also assessed in the final analysis. 

. To determine which LMA adjustment method would be most 
effective, regular correlation coefficients were calculated between the 
various adjusted measures and BFT, WT and age (Figures 3.1 and 3.2). 
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The_ primary purpose of adjusting LMA was to derive a trait that was 
more representative of overall composition and was less affected by 
environmental variation, so that animals could be fairly compared. 
Age was taken into consideration as a purely environmental factor 
while BFT and WT were considered as compositional elements. Lower 
correlations in Figures 3.1 and 3.2 were noted as favorable because 
they indicated that the adjustment technique had lessened the amount 
of variation in LMA that was due to BFT, WT or age. Therefore, the 
procedure used to derive ALMA appears to be most effective for both 
sexes .. AWLMA had similarly low correlations with the three variables, 
yet it would be more desirable to use ALMA since both adjusted traits 
were slightly biased for weight, but ALMA would favor heavier weights 
due to a positive correlation with weight, while the negative 
correlation between AWLMA and weight indicated a bias in AWLMA 
towards lower weights. 

. The effects of age and weight on BFT were analyzed in the same 
way they were for LMA. Initial BFT by age and BFKG by age 
scatterplots did not reveal a strong relationship between the two 
variables and age. However, since regression coefficients for BFT on 
age and BFKG on age were significant (P <.OS) for both sexes, and 
even though the R2's were generally low for the regression equations 
(Tables 3.3 and 3.4), the two traits were adjusted. Resulting 
correlations between adjusted measures and WT and age indicated 
that adjustments were not effective in lessening the relationship 
between BFT and age and BFT and WT. For that reason, and the fact 
that there was not a strong association between these variables 
initially, it would not be beneficial to adjust BFT measures taken on 
yearling breeding cattle for age and weight effects. Turner (1989) 
arrived at a similar conclusion in their study. 

It should be noted that this recommendation and the adjustment 
techniques for LMA would be applicable if breeding values (BV's) for 
ultrasonic measures of BFT and LMA were not available. When BV's 
(1/2 BV = EPD) are produced, they will be the most fair means by 
which animals could be compared since random genetic effects are 
accounted for in their calculation, along with fixed effects (like sex 

and age). 
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Implications 
Since it is desirable to compare animals on carcass traits alone 

without added variation from traits like age and weight, the use of 
these types of adjustment formulas would be practical. The best 
option would be for individual producers, or the ultrasound 
technician providing the producer with scans, to use data collected on 
their own herds (one measure per animal as close to a year of age as 
possible) to develop formulas for adjusting LMA by regressing it on 
BFT and age and testing for quadratics (as was done to develop ALMA 
in this study). This probably will not be practical, therefore further 
studies need to be done on larger, more diverse data sets so that 
equations derived would be applicable to a larger population of 
animals. 
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Table 3 .1. Means, Standard Deviations (SD) and Coefficients of 
Variation (CV) of Traits Measured in Malesa 

Variable n Mean SD cv (%) 

Age,d 806 355.69 41.37 

WT, kg 804 486.57 69.02 

LMA, cm2 805 77.29 9.55 

LMKG, cm2/45 kg 803 7.26 .75 

BFT, em 806 .62 .18 

BFKG, cm/45 kg 804 .06 .02 

ALMA, cm2 805 79.76 8.19 

ALMKG, cm2j45 kg 803 7.19 .69 

ABFT, em 806 .64 .18 

ABFKG, cm/45 kg 804 .06 .02 

aALMA = LMA values adjusted using male EQl coefficients. 
ALMKG = LMKG values adjusted using male EQ2 coefficients. 
ABFT = BFT values adjusted using male EQ3 coefficients. 
ABFKG = BFKG values adjusted using male EQ4 coefficients. 
See text for definitions of other acronyms. 
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11.6 

14.2 

12.4 

10.3 

28.5 

26.8 

10.3 

9.6 

28.0 
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Table 3.2. Means, Standard Deviations (SD) and Coefficients of 
Variation (CV) of Traits Measured in Femalesa 

Variable n Mean SD CV(%) 

Age,d 878 364.35 56.24 15.4 

WT,kg 878 387.88 49.64 12.8 

LMA, cm2 877 63.85 8.23 12.9 

LMKG, cm2/45 kg 877 7.52 .91 12.1 

BFT, em 877 .64 .20 31.8 

BFKG, cm/45 kg 877 .08 .02 31.9 

ALMA, cn12 876 64.70 7.32 11.3 

ALMKG, cm2/45 kg 877 7.46 .85 11.4 

ABFT, em 877 .66 .20 30.7 

ABFKG, cm/45 kg 877 .08 .02 29.4 

aALMA = LMA values adjusted using female EQ1 coefficients. 
ALMKG = LMKG values adjusted using female EQ2 coefficients. 
ABFT = BFT values adjusted using female EQ3 coefficients. 
ABFKG = BFKG values adjusted using female EQ4 coefficients. 
See text for definitions of other acronyms. 
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Table 3.3. Regression Equations for Ultrasonic Measures of BFT and 
LMA in Malesa 

Equation 
Title 

EQ1 
(LMA) 

EQ2 
(LMKG) 

EQ3 
(BFT) 

EQ4 
(BFKG) 

Equation 

Y = 18.26 + 68.40(BFT)- 33.8l(BFT)2* 
+ .045(AGE) + .000 12(AGE)2* 

Y = 11.29- .018(AGE) 
+ .000019(AGE)2* 

Y =- .635 + .0056(AGE) 
- .0000055(AGE)2* 

Y = .011 + .00028(AGE) 
- .0000003(AGE)2* 

asee text for definition of acronyms. 
*Quadratic effects (P < .05). 
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8.45 

.71 

.18 

.015 

R2 
(%) 

65 

12 

22 
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Table 3 .4. Regression Equations for Ultrasonic Measures of BFT and 
LMA in Femalesa 

Equation 
Title 

EQ1 
(LMA) 

EQ2 
(LMKG) 

EQ3 
(BFT) 

EQ4 
(BFKG) 

Equation 

Y = 9.68 + 32.89(BFT)- 12.37(BFT)2* 
+ .148(AGE)- .00011(AGE)2* 

Y = 11.68 - .0 19(AGE) 
+ .0000 199(AGE)2* 

Y = - .262 + .0048(AGE) 
- .0000063(AGE)2* 

Y = .081 + .000061(AGE) 
- .0000002(AGE)2* 

asee text for definition of acronyms. 

*Quadratic effects (P < .05). 
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CHAPTER IV 
GENETIC PARAMETER ESTIMATES FOR ULTRASONIC 

MEASURES OF BACKFAT THICKNESS AND 
LONGISSIMUS MUSCLE AREA, AND 

OTHER PERFORMANCE TRAITS, 
IN ANGUS CATTLE 

Abstract 
Ultrasonic measures of backfat thickness (BFT) and longissimus 

muscle area (LMA) were taken on Angus bulls (n=80 5) and heifers (n-
877), ranging in age from approximately 250 to 550 days, in a 
production setting in western Nebraska. Further information, 
including weaning weight (WWT), post-weaning average daily gain 
(GAIN), hip height (HH) and scrotal circumference (SC), was obtained 
from the American Angus Association, St. joseph, MO for these 
individuals and for animals from the same herd and contemporary 
groups (CG). Data were analyzed using single trait, sire model, 
restricted maximum likelihood (REML) procedures to estimate starting 
variances for later two-trait analyses. These two-trait analyses were 
done to estimate variance components for WWT coupled with BFT, 
LMA and GAIN, also using REML procedures, but with a sire-maternal 
grandsire model for WWT and a sire model for the other trait(s). 
Heritabilities (h2's) for BFT, LMA, WWT direct, WWT maternal and GAIN 
were . 56, .11, . 2 0, . 2 7 and . 51, respectively. Genetic correlations 
between WWT direct and WWT maternal, WWTdirect and LMA, WWT 
maternal and LMA, WWT maternal and BFT were -.57, .42, .008 and 
-.69, respectively. Genetic parameters from this study were used to 
calculate possible genetic change with a typical selection scenario, 
and it was shown that among WWT, BFT and LMA, BFT could be 
affected the most by selection, relative to its mean. 

Introduction 
The average trim of beef in the retail case had dropped to less than 

.3 2 em by 1988 (Savell et al.), yet the average U.S. Department of 
AgricuJture Choice beef carcass was 30 to 3 5% fat in that same year 
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(Topel and Kauffman, 1988). Obviously, it would be more cost 
efficient to produce a leaner carcass. 

There are possible nutritional means of reducing fat content, but 
the main advantage of genetic improvement is that it is permanent 
(Eisen, 1989). Seedstock producers are in the best position in the beef 
cattle industry to affect genetic change. This is true mainly because 
they have access to additive genetic information on their animals in 
the form of expected progeny differences (EPD's). Therefore, a logical 
way to change composition would be to supply producers with carcass 
merit EPD's. 

The American Angus Association (AAA), St. Joseph, MO, does 
currently produce and report EPD's for several carcass traits based on 
progeny carcass data. However, they have noted that due to the 
expense of collecting this data, there are very few participants in the 
carcass merit EPD program (Wilson et al., 1990). Bertrand et al. (1989) 
recommended the use of ultrasound technology for the collection of 
compositional data in beef cattle to avoid the high costs of obtaining 
carcass records, as well as the required death of the animal. Wilson 
(1992), in a paper discussing the application of ultrasound for genetic 
improvement, listed the estimation of heritabilities and genetic 
correlations for ultrasound measurements as a high priority. 

The objectives of this study were: 
1) to determine the degree of genetic variability in ultrasonic 

measures of backfat thickness (BFT) and longissimus muscle area 
(LMA) as well as their relationships with other economically important 
traits in a population of beef cattle and, 

2) to predict breeding values for each animal in that population. 

Materials and Methods 

Animals 
Experimental animals were the same Angus bulls and heifers 

measured in cooperation with Ankony Shadow Isle, Minatare, NE, in 
the study in Chapter III, where they are described in further detail. 
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Data Collection and Editing 
Cattle were ultrasonically measured for BFT and LMA as discussed 

in Chapter III where it was mentioned that some animals had multiple 
measures taken over time. In this study, only the ultrasonic records 
for each animal taken closest to 365 days of age were used. Weight of 
individual animals at the time of measurement, sex and measurement 
date were also recorded. Additional data were provided by the AAA 
that included weaning weights (WWT), post-weaning average daily 
gains (GAIN), hip heights (HH), scrotal circumferences (SC), type of 
service (natural, artificial insemination or embryo transfer), sires, 
dams and dam birthdates. Contemporary groups (CG) were 
established based upon season of birth within year, because calves 
born within the same season were treated identically in Ankony's herd 
and sex effects were considered separately. There were five CG 
"seasons": December to February, March to April, May to June, July to 
August and September to November. Dams were classified by age 
(AOD) as two year olds, three year olds, four year olds, five to ten year 
olds or eleven year olds and older. Records from the AAA were 
received on all animals in their data base that were Ankony cattle. 
This allowed the formation of pedigrees that went back two 
generations from animals with ultrasound measures, and also 
provided information on calves that were in the same CG's as cattle 
with records for BFT and LMA, but had been culled from the herd prior 
to the collection of ultrasound data. 

Data were eliminated for animals that did not have a sire record 
and for animals that were embryo transfers. When traits were being 
used for genetic parameter estimation, editing was done to remove 
single sire CG's, single observation CG's, single observation sires and 
single observation maternal grandsires (MGS). For the prediction of 
breeding values (BV), just single observation CG's were eliminated. 

Models 
Genetic parameters were estimated for ultrasonic BFT, ultrasonic 

LMA, WWT, GAIN, HH and SC. Prior to variance component analyses, 
GLM procedures in SAS were used to determine fixed effects (P < .05) 
for each trait from sex, CG, AOD and all possible interactions. The 
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three-way interaction was significant for WWT and GAIN, so they were 
analyzed with a sex/CG/ AOD class fixed effect. Backfat thickness and 
LMA were analyzed with fixed effects of sex, CG, AOD and sex*CG, HH 
was analyzed with fixed effects of sex, CG, AOD, sex*CG and CG* AOD, 
and SC was analyzed with fixed effects 9f CG, AOD and CG* AOD. Also, 
linear and quadratic effects of age were included as covariates in the 
analyses for BFT and LMA, while only the linear effect of age was used 
as a covariate for all other traits except for GAIN. The quadratic term 
was included in the models for BFT and LMA because, although 
measures taken closest to one year of age were used, the age at time 
of measure still ranged from 219 to 5 75 days, and the study in 
Chapter III showed significant quadratic effects of age on both BFT 
and LMA. 

Single trait, sire models were used in the estimatation of priors for 
variances in two-trait models. A sire model can be represented as: 

y = Xb + Zu + e 

where y is a vector of observations, X and Z are known incidence 
matrices relating observations to fixed and random (sire) effects, 
respectively, b and u are unknown vectors of fixed and random (sire) 
effects, respectively, and e is a vector of unknown random residual 
effects. 

A two-trait model, with sire-MGS effects being fitted for the first 
trait and just sire effects being fitted for the second trait, was used to 
analyze WWT with BFT, LMA and GAIN. Only sire effects were fitted 
for the traits other than WWT because if a trait is not maternally 
influenced, adding maternal effects to a model would just increase the 
number of equations to be solved, which could potentially cause 
computing problems without adding significant results. Also, Kriese 
et al. (1991) stated that with multiple trait models if a trait does not 
have maternal effects but they are being estimated anyway, it becomes 
very difficult to estimate the various covariances associated with the 
model and the solutions will not converge. Maternal effects for WWT 
were accounted for using a sire-MGS model instead of a full animal 
model because of the size constraints of multiple trait models, which 
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were used in these analyses to account for culling selection that had 
taken place between weaning and yearling measures. Using two-trait 
models also allows for the direct estimation of covariances. This 
model can be expressed in matrix notation as 

Zwm 
[Yw] = [Xw 0] [bw] + [Zwd 

Ys 0 Xs bs 0 0 

where 
yw(ys) 
Xw(Xs) 

= vector of WWT (second trait, ST) records, 
= known incidence matrix relating WWT (ST) records 

to fixed effects, 
bw(bs) 

Zwd(Zs) 

Zwm 

uwd(us) 

uwm 

ew(es) 

= unknown vector of fixed effects affecting WWT(ST) 
records, 

= known incidence matrix relating WWT (ST) records 
to sire effects, 

= known incidence matrix relating WWT records to 
MGS effects, 

= unknown random vector of additive genetic effects 
of sire on WWT (ST), 

=unknown random vector of additive genetic effects 
of MGS on WWT (ST) and, 

= unknown random vector of residual effects for 
WWT (ST), 

with (co)variance of random effects (V =variance): 

Uwd Au2(sw) Au(sw,mgs) Au(sw,ss) 0 0 

Uwm Au(mgs,sw) Au2(mgs) Au(mgs,ss) 0 0 

v Us - Au(ss,sw) Au(ss,mgs) Au2 (ss) 0 0 

ew 0 0 0 lu2 (ew) Iu(ew,es) 

es 0 0 0 Iu(es,ew) lu2 (es) 
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where 

A = the numerator relationship matrix for all sires 
(MGS) in the analysis, 

I = the identity matrix for residual effects, 
u2(sw)[u2(ss)] = the additive genetic variance of sire effects for 

WWT (ST), 
u2(mgs) = the additive genetic variance of MGS effects for 

WWT, 
u(sw ,mgs) = the additive genetic covariance between WWT 

sire and MGS effects, 
u(sw,ss) = the additive genetic covariance between sire 

effects of WWT and ST, 
u(mgs,ss) = the additive genetic covariance between WWT MGS 

effects and ST sire effects, 
u2(ew)[u2(es)] = the variance of residual effects for WWT (ST) 

u(ew,es) 
and, 

= the covariance between residual effects for WWT 
and ST. 

The mixed model equations used to solve these types of systems are 
described by Quaas and Pollak (1980). 

The two-trait model above was also used as a full animal model for 
predicting breeding values of BFT and LMA. The full animal model 
was not too large for just obtaining predictions instead of variance 
component estimates, and has been recommended for fully 
accounting for selection bias (Sorenson and Kennedy, 1984). The 
basic linear model stayed the same (no permanent environment 
effects were added), but the relationship matrix was assembled 
differently to include relationships among all animals in the analysis. 
The random effects incidence matrices were also changed, because an 
additive genetic effect (breeding value) is calculated for every animal, 
and not just sires and MGS's. 
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Variance Component Estimation 
All (co)variance components were estimated by restricted 

maximum likelihood (REML) using an expectation maximization (EM) 
algorithm. The equations used for single trait models were (Wright et 
al., 1991): 

u2(e) = (y'y - b'X'y - u'Z'y)/(n-rankx) 

where n is the number of animals in the analysis, rankx is the rank of 
the fixed effect incidence matrix, q is the number of sires, u is the 
solution vector for sires, tr stands for trace and C22 is the inverse of 
the block of the coefficient matrix corresponding to the sire. 

The equations used for the two-trait models were (Mackinnon et al., 
1990 and Henderson, 1984): 

u2(ew) = [y'y - b'X'y - u'(wd)Z'(wd)y - u'(wm)Z'(wm)y]/[n-rankx(wd)] 

[u2(es) can be calculated using the formula for u2(e)] 

where q2 is the number of sires and MGS's, gii stands for genetic 
variance and gij stands for genetic covariance. A formula for the 
direct estimation of u(ew,es) was listed by Henderson (1984), however, 
when used in these models, it was too computationally difficult. 
Therefore, an approximation was used that was provided by C.H. 
Mallinckrodt (personal communication): 

o(ew,es) (ehat1)'y2 + (ehat2)'yi 
= 

n12 - rank(x12) 
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where 

Y1(2) = actual observations for trait l(or 2), 
ehatl(2) =estimate of errors for trait 1(or2), 

n12 =number of animals with both traits observed, 
rank(x 12> = rank of the fixed effect matrix after combining 

fixed effects for both traits and, 

ehat can be calculated as follows: 
(example with trait 1) 

ehat = Y1 - yhat1 

where 

These models and algorithms were run iteratively. Prior estimates of 
the random effects (co)variance matrices were required and used to 
predict additive genetic effects (for sires and MGS's), which were then 
used to estimate new (co)variance components to be put through a 
subsequent round of prediction. This process was continued until 
convergence. Estimates of genetic and environmental (co)variation 
were obtained by equating the observational components of variation 
to corresponding causal components and simultaneously solving the 
system of equations. The matrix relating observational to causal 
components is in Table 4.1. When causal (co)variances are 
abbreviated, (A) corresponds to additive direct genetic effects, (M) to 
additive genetic maternal effects, and (E) to environmental effects. 
The causal components calculated for each trait evaluated are listed in 
Table 4.2. The abtk (animal breeders toolkit) software (Golden et al., 
1992) was used to assemble and solve the mixed model equations in 
all analyses. 

Variance components estimated from the procedures listed above 
were used to calculate heritabilities (h2's) and genetic correlations 
(rg's). The h2's were then used in the following formula to predict 
genetic change: 

genetic ti/year = i h2 up/ GI 
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where i =selection intensity, up= phenotypic variation and GI = 

generation interval. 

Results 

Traits for which variance components were estimated are listed 
with summary statistics in Table 4.3, which include the number of 
observations remaining per trait after data was edited. The mean and 
standard deviation for BFT (.63 + .19 em) were right in the range of 
other studies that have estimated ultrasonic genetic parameters (de 
Rose et al., 1988; Lamb et al.,1990; Arnold et al., 1991), however, the 
LMA mean (69.96 + 11.23 cm2) in this study seemed to be a bit lower 
than in other studies, although equally variable. 

The h2's calculated using estimates from the single trait, sire 
model REML's are listed in Table 4.4. As mentioned in the materials 
and methods, these variance components were calculated to serve as 
starting values for variances in the two-trait model runs. However, SC 
and YHT traits would not work in the two-trait models (to be discussed 
later), which means that the only genetic parameters listed for them 
are the h2's in Table 4.4. 

One of the main purposes of this study was to obtain h2 estimates 
for ultrasonic BFT and LMA. The h2's in Table 4.5 for BFT and LMA are 
.56 and .11, respectively. The estimate for BFT is on the high side 
when compared to estimates reported by Lamb et al. (1990;.24), 
Turner et al. (1990;.04) and Arnold et al. (1991;.26) for Hereford 
cattle. However, de Rose et al. (1988), using bull test data from six 
breeds, reported h2 estimates for BFT ranging from .25 to .76, with 
Herefords being on the lower end (.30) and Angus being on the upper 
end (.49). The large negative relationship between WWT maternal and 
BFT (rg = -.69) suggests that the deposition of fat in certain animals 
may take precedence over milk production. Finally, the 
environmental correlation between BFT and WWT is moderately 
positive (.55) which seems to make sense; if a calf is in an 
environment in which it fattens, it will also be gaining weight. 

The h2 for LMA was lower than all three other reported ultrasonic 
LMA h2 estimates: .12 (Turner et al., 1990), .28 (Arnold et al., 1991) 
and .40 (Johnson et al., 1992). johnson et al. (1992) did their study on 
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1613 Brangus cattle, and though it resulted in dissimilar h2's from 
this study, they did report that LMA was positively related to growth 
traits which agrees with the rg between WWT and LMA estimated in 
this study (.42). 

In 1992, at the Beef Improvement Federation meeting, Bertrand and 
Little presented the genetic parameters that the University of Georgia 
uses for different breeds in its National Cattle Evaluation program. 
For Angus cattle, they use a WWT direct h2 of .28, a WWT maternal h2 
of .22 and a WWT direct/maternal rg of -.33. The first two h2 
estimates are fairly close to those reported in Table 4.4 (WWT direct, 
.20; WWT maternal, .27), but a larger rg between WWT direct and 
maternal was noted for this study (-.57 vs. -.33). The large negative 
correlation could be due to the fact that a sire-MGS model was used 
(C.H. Mallinckrodt, personal communication). One of the assumptions 
that is made for the use of this model is that each dam only has one 
offspring in the data set (Garrick et al., 1989). A small percent of the 
dams in these data sets were represented by two to three offspring. 

Breeding values were also calculated for ultrasonic BFT and LMA 
using a full animal model as described in the materials and methods. 
For each of these two traits, breeding values were averaged by birth 
year to try and detect a genetic trend of somekind in this herd, but 
there was not a readily noticeable one (Figures 4.1 and 4.2). Breeding 
values for BFT ranged from -.081 em to .108 em, while breeding values 
for LMA ranged from -1.93 cm2 to 2.10 cm2. These appear to be 
varied enough to allow for selection progress to be made for 
ultrasonic BFT and LMA. Also, breeding values were averaged by birth 
year for WWT direct, and a slightly positive genetic trend over the last 
17 years was evident (Figure 4.3). 

Table 4.6 contains predicted genetic changes over time based on 
the formula described in the materials and methods. Selection was 
assumed to have taken place under the following conditions: 

-top 5% of males selected each year 
-top 50% of females selected each year 
-animals selected on individual records 
-males have an average GI of 4 years 
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-females have an average GI of 5 years. 

Phenoptypic variances (up) were calculated from this study and 
predicted change was compared to means listed in Table 4.3. This 
small simulation shows that the high h2 estimate for BFT would result 
in relatively large changes in BFT by selection (22% change in one 
generation). Both WWT and LMA show the tendency for slower change 
due to selection as compared to their overall means. 

Discussion 
The models used for the majority of this study seemed to do an 

adequate job in the estimation of variance components. There are 
few studies for comparison that have derived variance component 
estimates for ultrasonic BFT and LMA, have used the same breed of 
cattle and have used similar models. However, a couple of problems 
were discovered. First of all the high genetic covariance between WWT 
direct and WWT maternal indicated that an assumption might have 
been violated (as mentioned earlier). 

Also, there was the problem with running SC and HH in the two
trait models with WWT. When looked at closely, it was apparent that 
the problem was in the approximation. For an unidentified reason, it 
inflated the residual covariance after one round of iteration to the 
point where the residual (co)variance matrix was no longer positive 
definite, which did not allow iterations to continue. This could have 
been due to problems of culling selection, because L.R. Schaeffer 
(personal communication) pointed out that the approximation did not 
work well in data sets with many missing observations. 

Ideally these analyses would have been done using an EM-REML 
algorithm with a full animal model, to account for all effects of 
selection (Meyer, 1990), and a true estimate of residual covariance. 
Unfortunately, that was too computationally difficult. Though there 
were some compromises in the methods chosen, they still resulted in 
reasonable estimates of genetic covariances between WWT and BFT 
and LMA. This is good because WWT is often used in two-trait models 
for prediction to account for culling selection, and these correlations 
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will be necessary for solving those predictions if ultrasonic BFT 
and/or LMA are ever included in national sire evaluations. 

Backfat thickness has been shown, in this study, to be moderately 
heritable and to have enough variability for progress to be made 
through selection (Table 4.6). Longissimus muscle area in this 
population would not be as easily improved by selection, however, 
WWT results indicate that some change would be possible despite a 
lower h2 for LMA. Although WWT direct did not have a high h2 in 
these cattle, Figure 4.3 shows an upward trend in WWT direct probably 
due to selection over the last 20 years for increased WWT. 

Lastly, if producers are going to select on the basis of either of 
these traits, they will need to have very defined breeding goals to 
avoid potentially adverse effects on other economically important 
traits. More research needs to be done to determine what kind of 
genetic correlations ultrasonic BFT and LMA have with other traits. 
From this study, it appears that LMA is favorably related to WWT 
direct, and not related to WWT maternal, and that BFT is favorably 
related to WWT maternal. 
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Table 4.1. Observational Components as Related to Causal 
Components a 

cr2A1 cr2M1 cr2A2 crA1M1 crA1A2 crA2M1 cr2E1 cr2E2 crE1E2 

cr2s1 .25 0 0 0 0 0 0 0 0 
cr2m1 .0625 .25 0 .25 0 0 0 0 0 
cr2s2 0 0 .25 0 0 0 0 0 0 
crs1m1 .125 0 0 .25 0 0 0 0 0 
crs1s2 0 0 0 0 .25 0 0 0 0 
crms2 0 0 0 0 .125 .25 0 0 0 
cr2e1 .6875 .75 0 .75 0 0 1 0 0 
cr2e2 0 0 .75 0 0 0 0 1 0 
cre1e2b 0 0 0 0 .6875 .375 0 0 1 

a See text for definitions of symbols. 
1 = WWT, 2 =second trait. 

b Garrick ( 1988). 
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Table 4.3. Means, Standard Deviations (SD) and Number (N) of 
Observations used in Variance Component Analyses 

Traita N Mean SD 

BFT, em 1,557 .63 .19 

LMA, cm2 1,556 69.96 11.23 

WWT, kg 1,976 257.08 37.13 

GAIN, kg 1,364 1.09 .39 

SC, em 773 35.01 6.56 

HH, em 1,530 129.58 63.14 

asee text for definitions of acronyms. 
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Table 4.4. Heritabilities (h2's) and Number (N) of Sires for Traits 
Analyzed by a Single Trait Sire Model 

Traita N N Sires 

BFT 1,557 31 .50 

LMA 1,556 33 .12 

WWT 2,183 33 .20 

GAIN 1,530 29 .47 

HH 1,530 29 .79 

sc 773 26 .49 

asee test for definitions of acronyms. 
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Table 4.5. Heritabilities (h2's) and Genetic Correlations (rg) for Traits 
Analyzed in the Two-Trait Model 

Trait (T)a rg(WWTd,T) rg(WWTm,T) 

BFT .56 .19 

LMA .11 .42 

WWTdb .20 

WWTmb .27 -.57 

GAIN .51 -.20 

asee text for definitions of acronyms. 

bh2's and rg's are an average of 3. 
d =direct. 
m = rna ternal. 

CEw = Environmental effects for WWT. 
Est = Environmental effects for a second trait. 
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-.69 

.008 

-.57 

.47 

r(EwEst)C 

.55 

.42 
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Table 4.6. Response to Selection under a Typical Selection Scenarioa 

Traitb ~/year 

BFT, em .56 .1714 .0305 

LMA, cm2 .11 7.73 .2702 

WWT direct, kg .20 28.69 1.83 

asee text for an explanation of selection scenario. 

bsee text for definitions of acronyms and symbols. 

Cgen. = generation. 

63 

%~from mean 
(after 1 gen. C) 

21.9 

1.74 

2.98 



0
.0

1
 

0
.0

0
8

 

0
.0

0
6

 

0
.0

0
4

 

0
.0

0
2

 

B
V

's
 

0 

O
"l 
~
 

·0
.0

0
2

 

-0
.0

0
4

 

-0
.0

0
6

 

-0
.0

0
8

 

-0
.0

1
 

Y
ea

rs
 

F
ig

u
re

 4
.1

. 
B

ac
kf

at
 T

h
ic

k
n

es
s 

B
re

ed
in

g 
V

al
ue

s 
(B

V
, 

em
) 

M
ea

ns
 b

y
 Y

ea
r 



en
 

V
I 

o 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

·0
.1

 

·0
.2

 

B
Y

's
 ·

0
.3

 

·0
.4

 

·0
.5

 

·0
.6

 

Y
ea

rs
 

F
ig

ur
e 

4.
2.

 
L

on
gi

ss
im

us
 M

us
cl

e 
A

re
a 

B
re

ed
in

g 
V

al
ue

s 
(B

V
, 

cm
2)

 M
ea

ns
 b

y
 Y

ea
r 



O
"l 

O
"l 

2.
5 2 

1.
5 1 

B
Y

's
 

0.
5 0 

·0
.5

 

·1
 

Y
ea

rs
 

F
ig

ur
e 

4.
3.

 
W

ea
ni

ng
 W

ei
gh

t 
D

ir
ec

t 
B

re
ed

in
g 

V
al

ue
s 

(B
V

, 
kg

) 
M

ea
ns

 b
y

 Y
ea

r 


	31295007601114_0000
	31295007601114_0001
	31295007601114_0002
	31295007601114_0003
	31295007601114_0004
	31295007601114_0005
	31295007601114_0006
	31295007601114_0007
	31295007601114_0008
	31295007601114_0009
	31295007601114_0010
	31295007601114_0011
	31295007601114_0012
	31295007601114_0013
	31295007601114_0014
	31295007601114_0015
	31295007601114_0016
	31295007601114_0017
	31295007601114_0018
	31295007601114_0019
	31295007601114_0020
	31295007601114_0021
	31295007601114_0022
	31295007601114_0023
	31295007601114_0024
	31295007601114_0025
	31295007601114_0026
	31295007601114_0027
	31295007601114_0028
	31295007601114_0029
	31295007601114_0030
	31295007601114_0031
	31295007601114_0032
	31295007601114_0033
	31295007601114_0034
	31295007601114_0035
	31295007601114_0036
	31295007601114_0037
	31295007601114_0038
	31295007601114_0039
	31295007601114_0040
	31295007601114_0041
	31295007601114_0042
	31295007601114_0043
	31295007601114_0044
	31295007601114_0045
	31295007601114_0046
	31295007601114_0047
	31295007601114_0048
	31295007601114_0049
	31295007601114_0050
	31295007601114_0051
	31295007601114_0052
	31295007601114_0053
	31295007601114_0054
	31295007601114_0055
	31295007601114_0056
	31295007601114_0057
	31295007601114_0058
	31295007601114_0059
	31295007601114_0060
	31295007601114_0061
	31295007601114_0062
	31295007601114_0063
	31295007601114_0064
	31295007601114_0065
	31295007601114_0066
	31295007601114_0067
	31295007601114_0068
	31295007601114_0069
	31295007601114_0070
	31295007601114_0071

