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Figure 9. Projected change in 12-13th rib fat thickness for Angus bulls 
as determined by four different regression procedures 
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Figure 10. Projected change in 12-13th rib fat thickness for Simmental 
bulls as determined by four different regression procedures 
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Simmental (Table 10) bulls are quite similar in UFAT. However, Angus 

bulls in this study deposited UFAT throughout the test whereas the 

Simmentals remained nearly constant. 

The Mean-LQ line depicting ULMA changes in Angus bulls (Figure 11) 

indicates a leveling off of muscle deposition towards the end of the test 

period while the other three lines indicate a continued increase. In 

fact, Table 5 indicates the quadratic for ULMA in the pooled Angus bull 

data is positive. Figure 11 shows that this quadratic is so small that 

from about 280 to 405 days of age the Pooled-LQ line is hardly distin­

guishable from the two linear lines (Mean-L and Pooled-L). Again, the 

Mean-LQ line more closely describes the changes in ULMA that appear to be 

taking place when the means by scan are evaluated for Angus bulls in 

Figure 4. Although the sign of the quadratic for ULMA change in Figure 

12 is the same, the appearance of the Mean-LQ and Pooled-LQ curves differ 

greatly. In fact, the Pooled-LQ curve in Figure 12 actually decreases 

slightly over the first 50 days of this time period, which certainly is 

not evident in Figure 4. This is likely a function of a small number of 

Simmental bulls scanned between 205 and 255 days of age that had large 

ULMAs relative to their age which distorts the Pooled-LQ line early in 

given time period. It is also suspected that this problem is responsible 

for a large part of the differences in slope between the Mean-L and 

Pooled-L lines in Figure 12. 

Considering only the Mean-LQ curves for Angus bulls in Figures 5, 7, 

9, and 11 the changes in WT (Figure 5) are difficult to explain with the 

other three variables. In general, over this period of time, the Angus 
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Figure 11. Projected change in i2-13th rib longissimus muscle area for 
Angus bulls as determined by four different regression proce­
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Figure 12. Projected change in 12-13th rib longissimus muscle area for 
Simmental bulls as determined by four different regression 
procedures 
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bulls continued to increase in WT. At the same time the Mean-LQ line for 

HT (Figure 7), UFAT (Figure 9) and ULMA (Figure 11) indicate that the 

change in these traits per day began to slow towards the end of the test 

period. We know that ULMA weather measured ultrasonically or on the 

carcass is not a very good predictor of retail product in the carcass 

(Wallace et al., 1977; Koch et al., 1982). Thus, there is the possibili­

ty that even though ULMA growth appears to be slowing, total lean deposi­

tion may not be. 

When all the Mean-LQ lines for Simmental bulls are examined together 

they make more sense. Here the WT Mean-LQ line (Figure 6) and the ULMA 

Mean-LQ line (Figure 12) are nearly identical in shape, the HT Mean-LQ 

line (Figure 10) has only a very small negative quadratic and the UFAT 

Mean-LQ line (Figure 10) indicates very little change in UFAT over the 

ages evaluated. Consequently, the amount of UFAT deposited during this 

time period has very little effect on WT and the combined changes in HT 

and ULMA growth closely mimic changes in WT. 

Examination of Mean-LQ lines of all traits for both breeds also 

indicates that the Simmental bulls are later maturing than the Angus. 

The Simmentals continue to increase in WT, HT and ULMA and change very 

little in UFAT while Angus are clearly fatter and ULMA growth is begin­

ning to level off as age increases. 

It is also interesting to note that with the exception of Figure 10 

the Mean-L and Pooled-L lines cross at some point in time in Figures 5-

12. Although in general, the differences in intercept and slope are 
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small they do suggest different rates of change depending on the regres­

sion procedure used. 

There are virtually no reports in the literature to directly compare 

with these. The acceptance of ultrasound as a way to measure composition 

has greatly enhanced the ability to study changes in composition. Until 

now, the only way to evaluate these changes were through serial slaughter 

studies. The majority of serial slaughter work reported involves steers 

and heifers fed for slaughter and consequently is not very helpful in 

verifying these results. Reiling (1991) reports on a serial slaughter 

project involving bulls and steers of two frame sizes. However, it must 

be noted that these cattle were fed a high energy finishing diet and 

their first slaughter was at about the same age that the purebred bulls 

of this study came off test. Nevertheless, a limited review of past 

serial slaughter work might prove informative. 

In serial slaughter studies involving market steers, Zinn et al. 

(1970) and Stringer et al. (1968) both report some decrease in average 

daily gain towards the end of the feeding period. Barber et al. (1981) 

likewise reported that ADG for both Angus and Charolais steers decreased 

(P < .01) as weight increased and Reiling (1991) noted that ADG tended to 

increase early in the feeding period, plateaued, and then dropped off 

late in the feeding period for both sex and frame types. This type of 

change in ADG is certainly not evident in this study but this study is 

dealing with younger and leaner animals. Stringer et al. (1968) reports 

that much of the decrease in gain described previously was likely due to 

the increased fat composition of gain late in the feeding period, which 
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is not the case in the purebred bulls of this study. Both Barber et al. 

(1981) and Reiling (1991) found that larger framed cattle maintained a 

higher ADG throughout the trial. Verde and Trenkle (1987) suggest that 

this is because the larger framed cattle are generally less advanced on 

their growth curve than smaller steers. The results of the larger framed 

Simmental bulls versus the Angus bulls of this study tend to agree with 

this conclusion. 

Both Stringer et al. (1968) and Barber et al. (1981) report the ULMA 

generally increased between slaughter dates but noted that this increase 

was not proportional to the increase in carcass weight, indicating a 

relative slowing of muscle deposition. This agrees with the changes in 

ULMA in Angus bulls seen in Figure 4 and the Mean-LQ line for ULMA in 

Figure 11. The Simmental bulls in this study, however, continue to 

increase in ULMA at a rate that suggests they may not have reached the 

point in their growth curve where muscle growth begins to slow. 

Stringer et al. (1968), Jesse et al. (1976) and Cianzio et al. 

(1982) all report that FAT increased in serially slaughtered steers as 

live weight and time increased. Reiling (1991) reported that when fed a 

similar diet steers showed a greater tendency to increase in FAT than 

bulls. Reiling (1991) went on to report that changes in FAT, especially 

in large framed bulls, were minimal and nonsignificant over time. 

Arthaud et al. (1977) reported similar results when slaughtering bulls 

fed a high energy diet at 12, 15, 18, and 24 months of age finding that 

FAT increased only by 2 mm from 12 to 18 months of age and an additional 

3 mm at 24 months of age. Again, although these bull serial slaughter 
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studies start about where this study ends in terms of animal age they 

suggest the leveling off trend found in the Mean-LQ UFAT line of both 

Angus and Simmental bulls seen in Figures 9 and 10. Also remember that 

the bulls in the current study were fed a moderate energy diet as opposed 

to a finishing diet which likely even further reduces the increase in 

UFAT relative to other studies. It is suspected that the onset of 

puberty in these bulls has a large impact on how UFAT changes throughout 

the test period. The Mean-LQ UFAT lines became fairly flat about the 

time we would expect both breeds of bulls to reach puberty. 

Comparison of the raw data means in Figures 1-4 with their respec­

tive plotted regressions in Figures 5-12 suggests that if there is much 

variability between the four regression lines, the Mean-LQ line most 

closely describes how the cattle actually changed throughout the test 

period. This is particularly true when comparing the Mean-LQ and Pooled-

LQ lines. When comparing the Mean-LQ line with either of the linear 

lines (Mean-L or Pooled-L) for UFAT in both breeds and ULMA in Angus, the 

Mean-LQ line appears to be a much better description of the actual 

changes occurring. 

Table 4 suggests that individual animal linear and quadratic 

regressions are not significantly better than pooled linear and quadratic 

regression for some traits. The means of individual animal regression 

equations certainly better describe the actual changes in growth and 

composition that appear to be taking place, especially in UFAT. The 

author suspects that if the serial scan period were longer these quadrat­

ic effects would be significant. To examine the changes in growth and 
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composition for an additional 60 to 90 days may prove most useful. This, 

however, was not practical in this study because of the merchandising 

program of the cooperator herds. 

It is inevitable that at some point in the production cycle increas­

es in each of these traits will level off. This point is likely influ­

enced by many factors including energy level and physiological and sexual 

maturity. Ultrasound technology offers a never before opportunity to 

understand these changes in growth and composition in both market and 

breeding animals. Although they are not all significant, the trends 

suggest that means of individual animal growth curves are better descrip­

tions of the true changes taking place than regression equations derived 

from pooled data. 
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IMPLICATIONS 

As an accurate and accepted tool to evaluate composition in beef 

cattle, ultrasound technology offers a great deal of potential to the 

beef cattle industry. Before ultrasound data collected on breeding 

animals can be incorporated into a national carcass evaluation system, 

adjustment procedures which allow animals to be compared at an equal 

endpoint must be developed. This study demonstrates that the composi­

tional changes taking place in performance tested yearling bulls are in 

most cases far different than results of previous serial slaughter work 

done with market animals. The insight gained in this evaluation of 

growth and compositional changes will certainly aid in the development of 

breed specific data collection protocols, adjustment procedures, and 

eventually carcass trait EPDs from ultrasound measurements. 
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Table 7. Mean growth and composition measurements by scan 

Breed Scan WT,kg HT,cm UFAT,cm ULMA,cm^ 

Angus 1 381 119.08 .56 62.53 Angus 
2 427 122.47 .63 68.67 
3 463 125.06 .70 75.42 
4 505 127.38 .72 77.69 

Simmental 1 384 122.44 .36 65.33 
2 435 126.71 .39 72.38 
3 472 129.73 .43 81.12 
4 518 131.79 .43 86.34 
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Table 8. Predicted measurements at a given age calculated from the mean 
parameters of individual animal linear and quadratic regression 

equations by breed 

Breed Age WT,kg HT,cm UFAT,cm ULMA,cm^ 

Angus 

Simmental 

205 286.8 111.4 .24 38.67 
230 316.5 114.2 .35 47.22 
255 347.3 116.9 .44 54.77 
280 379.3 119.4 .52 61.30 
305 412.4 121.9 .58 66.83 
330 446.7 124.3 .64 71.35 
355 482.1 126.5 .68 74.86 
380 518.6 128.7 .71 77.36 
405 556.3 130.7 .72 78.86 

205 307.6 114.5 .22 51.45 
230 335.3 118.0 .27 56.05 
255 365.2 121.2 .32 60.99 
280 397.3 124.2 .36 66.28 
305 431.7 127.1 .39 71.92 
330 468.2 129.7 .41 77.90 
355 507.0 132.1 .43 84.24 
380 547.9 134.3 .43 90.91 
405 591.1 136.2 .43 97.94 
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Table 9. Predicted measurements at a given age calculated from the mean 

parameters of individual animal linear regression equations by 

breed 

Breed Age WT,kg HT,cm UFAT,cm LMA,cm^ 

Angus 

Simmental 

205 277.6 112.0 .43 49.27 
230 311.9 114.4 .48 53.66 
255 346.1 116.8 .52 58.04 
280 380.4 119.2 .57 62.43 
305 414.6 121.6 .62 66.82 
330 448.9 124.0 .67 71.21 
355 483.1 126.4 .71 75.59 
380 517.4 128.8 .76 79.98 
405 551.6 131.1 .81 84.37 

205 290.7 116.9 .30 49.49 
230 326.2 119.5 .32 55.26 
255 361.7 122.1 .34 61.04 
280 397.2 124.7 .36 66.81 
305 432.7 127.3 .39 72.59 
330 468.2 129.8 .41 78.36 
355 503.7 132:4 .43 84.14 
380 539.2 135.0 .45 89.91 
405 574.7 137.6 .48 95.69 
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Table 10. Predicted measurements at a given age based on linear and 
quadratic regression parameters from the pooled data within a 

breed 

Breed Age WT,kg HT,cm UFAT,cm ULMA,cm' 

Angus 205 254.5 111.5 .35 55.14 Angus 
230 297.9 114.4 .44 57.45 
255 339.2 117.1 .52 60.21 
280 378.7 119.6 .59 63.44 
305 416.2 121.9 .66 67.11 
330 451.7 124.0 .73 71.24 
355 485.3 125.9 .79 75.82 
380 516.9 127.7 .85 80.85 
405 546.6 129.2 .91 86.34 

Simmental 205 327.5 119.7 .32 69.00 
230 349.9 121.0 .34 67.46 
255 374.9 122.5 .36 67.49 
280 402.4 124.3 .38 69.06 
305 432.5 126.3 .41 72.20 
330 465.2 128.5 .43 76.89 
355 500.4 131.0 .46 83.14 
380 538.2 133.6 .49 90.95 
405 578.6 136.5 .53 100.31 
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Table 11. Predicted measurements at a given age based on linear regres­

sion parameters from the pooled data within a breed 

Breed Age WT,kg HT, cm UFAT,cm ULMA,cm' 

Angus 205 273.8 113.4 .36 50.65 Angus 
230 308.9 115.5 .42 54.87 
255 344.1 117.6 .48 59.09 
280 379.2 119.6 .54 63.30 
305 414.4 121.7 .59 67.52 
330 449.5 123.8 .65 71.74 
355 484.7 125.9 .71 75.96 
380 519.8 128.0 .77 80.17 
405 555.0 130.1 .82 84.39 

S immental 205 307.6 118.0 .31 56.95 
230 339.6 120.1 .33 61.23 
255 371.6 122.3 .35 65.51 
280 403.6 124.4 .38 69.79 
305 435.6 126.6 .40 74.08 
330 467.6 128.7 .43 78.36 
355 499.6 130.8 .45 82.64 
380 531.6 133.0 .48 86.93 
405 563.6 135.1 .50 91.21 
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PAPER III. ADJUSTMENT PROCEDURES AND GENETIC PARAMETER ESTIMATES 

OF SERIAL GROWTH AND ULTRASONICALLY MEASURED 

CARCASS TRAITS IN PERFORMANCE TESTED YEARLING BULLS 
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ABSTRACT 

Serially collected growth and ultrasonic carcass trait measurements 

from performance tested Angus and Simmental bulls in two cooperator herds 

were used to evaluate data collection and adjustment procedures. 

Additionally, restricted maximum likelihood (REML) estimates of variance 
2 components, heritability (h ) and sire expected progeny differences 

(EPDs) were generated. Several adjustment procedures involving one, two 

or all four of the measurements on each animal were compared. Results 

indicate that two measurements taken 30 to 60 days apart when the 

contemporary group average age is near 365 days provides age adjusted 

values that rank the most like adjustments determined by the best fitting 

linear and quadratic regression line through all four data points on each 
2 individual animal. Single trait h estimates for weight (WT), height 

(HT) and ultrasound longissimus muscle area (ULMA) for Angus bulls were 

.52, .57, and .64. The sire variance was zero for ultrasound 12-13th rib 
2 fat thickness (UFAT) in Angus bulls and consequently h could not be 

2 calculated. Single trait h estimates were .37, .23, .21, and .87 for 

WT, HT, UFAT, and ULMA, respectively, in Simmental bulls. Multiple trait 
2 

h estimates of WT HT, and ULMA in Angus bulls were very similar to their 
2 respective single trait estimates. Multiple trait h estimates of WT, 

UFAT, and ULMA in Simmental bulls were slightly larger than single trait 

estimates for WT and UFAT and exactly the same for ULMA. Genetic 

correlations (rg) suggest a strong genetic relationship between WT and 

ULMA in both Angus and Simmentals (.67 and .80). In Simmentals, the r^ 
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between WT and UFAT was -.29 and between UFAT and ULMA was -.03. In 

Angus bulls, the between WT and HT was .40, the Tg between HT and ULMA 

was .13. 
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INTRODUCTION 

As a resuit of consumer concerns about leanness, quality and 

consistency of beef it is likely more important now than ever before that 

all segments of the beef industry respond to consumer needs. It is 

obvious that if beef is to remain the protein source of choice among most 

American consumers more attention must be paid to product specifications. 

The particular needs of potential export markets also dictate several 

narrow specification windows that could be filled with American beef. It 

is also obvious that feeding and management alone cannot assure consumer 

acceptance or product specification. The solution will require genetic 

improvement of the raw product utilized by the packing and retail 

segments of the industry (Benyshek et al., 1988). 

Genetic improvement of carcass traits in beef cattle has been a slow 

process. This stems, in part, from the lack of an organized industry­

wide evaluation system and, in part, from a fed beef marketing system 

that fails to provide financial incentive for producing a superior 

product. The concepts of instrument grading and value-based marketing 

are certain to become a reality and consequently beef producers must 

prepare themselves to respond. Producers and breed associations with 

knowledge of their genetic base as it relates to carcass merit and with 

genetic evaluation systems in place are likely to be in a better position 

to capitalize on premiums associated with genetics capable of producing a 

superior product. 

Real-time ultrasound technology offers a relatively low-cost 
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alternative to expensive and time-consuming progeny testing of beef sires 

for carcass merit. The accuracy of this technology for measuring fat 

thickness and longissimus muscle area in beef cattle has been verified 

and documented by several researchers (Brethour, 1992; Houghton and 

Turlington, 1992; Perkins et al., 1992; Robinson et al., 1992; Paper I of 

this Dissertation). Consequently, this technology has the potential to 

play a key role in the genetic evaluation and improvement of carcass 

merit, especially as it relates to the never-before available opportunity 

to directly evaluate carcass merit in the breeding animal itself. 

Before industry-wide genetic evaluation of carcass merit as deter­

mined by ultrasonic measurements can become a reality reliable breed 

specific estimates of heritabilities as well as genetic and environmental 

relationships between important traits must be obtained. 

The objectives of this study were to first evaluate different data 

adjustment strategies such that animals can be fairly compared at a 

common endpoint and from this suggest ultrasound data collection proto­

cols for yearling bulls. Secondly, to estimate genetic parameters for 

growth and ultrasonically measured carcass traits with data collected 

from yearling Angus and Simmental bulls. Finally, to generate growth and 

carcass trait expected progeny differences (EPD) for the sires of these 

bulls. 
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MATERIALS AND METHODS 

Serial ultrasound scan data collected on Angus and Simmental bulls 

described in Paper II of this Dissertation were used in this study. In 

review, Angus and Simmental bulls were measured for weight (WT), hip 

height (HT), I2-13th rib ultrasonic fat thickness (UFAT), and 12-13th rib 

ultrasonic longissimus muscle area (ULMA) four times at monthly intervals 

during the final 80 to 100 days on test at two cooperator herds over a 

four-year period. Sire progeny groups in different herds and in adjacent 

years were tied by at least two common sires in each breed. Ultrasound 

measurements were collected by experienced technicians using either an 

Aloka 633 (Corrometrics Medical Systems, Wallingford, CT) with a 12.5 cm, 

3.5 Mhz linear array transducer (1989) or an Aloka 500V (Corometrics 

Medical Systems, Wallingford, CT) equipped with a 17 cm, 3.5 MHz linear 

array transducer (1990-1992). Data collection procedures are described 

more thoroughly in Paper II of this Dissertation. 

These serial measurements were then used to evaluate the changes in 

growth and composition of performance tested yearling bulls (Paper II of 

this Dissertation) which should lead to a clearer understanding of 

possible data adjustment strategies. The following adjustment procedures 

will be evaluated for the traits of WT, HT, UFAT, and ULMA: 

1. Adjusting an animal to a year of age along the best fitting 

curve through its four measurements (fitting both the linear 

and quadratic effect of age on an individual animal basis) 

(WT365LQ, HT365LQ, FAT365LQ, LMA365LQ); 
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2. Adjusting an animal to a year of age along the slope of the 

best fitting straight line through its four measurements 

(fitting the linear effect of age on an individual animal 

basis) (WT365L, HT365L, FAT365L, LMA365L); 

3. Adjusting an animal to a year of age along the slope of the 

line between two measurements on an individual animal basis; 

a. between measurements three and four (WT36534, HT36534, 

FAT36534, LMA36534); 

b. between measurements two and four (WT36524, HT36524, 

FAT36524, LMA36524); 

c. between measurements one and four (WT36514, HT36514, 

FAT36514, LMA36514); 

4. Adjusting an animal to a year of age using only a single 

measurement (simply determine the change in the trait per day 

of age with a breed constant intercept at birth and adjust to a 

year of age) ([(measurement - intercept)/age] x 365 + inter­

cept); 

a. using measurement four (WT365B4, HT365B4, FAT365B4, 

LMA365B4); 

b. using measurement three (WT365B3, HT365B3, FAT365B3, 

LMA365B3); 

c. using measurement two (WT365B2, HT365B2, FAT365B2, 

LMA365B2); 

d. using measurement one (WT365B1, HT365B1, FAT365B1, 

LMA365B1); 
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These adjustment procedures were compared with Spearman rank correlations 

(SAS, 1989) to determine how animal rank was affected by the different 

adjustments. 

Genetic parameters were estimated from the restricted maximum 

likelihood (REML), algorithm of VanRaden (1986) for WT, HT, UFAT, and 

ULMA adjusted to a year of age by adjustment procedures 1, 2, 3a, and 4a. 

This set of FORTRAN programs compute REML estimates of sire and error 

variance and covariance components, as well as estimates of sire EPD 

(Wilson et al., 1993). Sire and maternal grandsire additive genetic 

relationships were incorporated into the analysis using software devel­

oped by Boldman (1989) to increase prediction accuracies. This set of 

FORTRAN programs was used to build the inverse of the numerator relation­

ship matrix among sires and maternal grandsires (Wilson et al., 1993). 

Finally, the effect of adjustment procedure on the rank of sire EPDs 

was evaluated with Spearman Correlations (SAS, 1989) for each of the four 

traits, adjusted via procedure 1, 2, 3a, and 4a. 
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RESULTS AND DISCUSSION 

One of the difficulties in conducting a genetic evaluation for 

carcass merit using field records is the wide variety of endpoints at 

which the data are collected. Not having a common endpoint makes it 

impossible to fairly compare sires for genetic merit of carcass traits 

(Wilson et al., 1993). The three most logical endpoint adjustment 

possibilities are age-constant, weight-constant, and compositional-

constant endpoints or some combination of these. The literature concern­

ing the most appropriate endpoint is inconclusive for measurements made 

on carcasses and extremely limited for ultrasonically measured carcass 

traits. Also, the majority of this adjustment work deals with market 

animals and will need to be adapted to breeding animals if ultrasound 

information is incorporated into carcass merit evaluation programs. 

Cundiff et al. (1969) evaluated retail product (RP) and fat trim 

(FT) at age, weight and age and weight constant endpoints. In this 

study, age constant RP was highly heritable (.64) while weight constant 

RP was only moderately heritable (.42) and very similar to the heritabil-
2 ity (h ) of RP when both age and weight were held constant (.43). This 

study also reports that the phenotypic standard deviation (SD) was about 

2.4 times greater for age adjusted RP than either of the other two 

adjustment strategies. The larger phenotypic SD combined with the higher 
2 h estimate suggests that single trait selection of age constant RP would 

allow more improvement in RP at any level of selection intensity. Fat 

trim from the carcass at a constant age, weight and when both age and 
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weight were held constant was moderately heritable, .46, .37, and .42, 

respectively. Here again, phenotypic variation was reported to be less 

for FT at a constant weight than at a constant age. When these results 

were combined with the genetic and phenotypic correlations between 

production and carcass traits Cundiff et al. (1969) and Cundiff et al. 

(1971) conclude that adjustment of carcass composition data to an age 

constant basis allows for more overall genetic improvement in both 

production and carcass traits if carcass weight is kept from increasing 

greatly by slaughtering animals at younger ages. 

Koch et al. (1982b) reports that when adjusted to a common fat 

thickness, breed group differences in composition were reduced by 50% 

relative to differences at a constant age. They also reported that 

differences in composition of breed groups were greatest when adjusted to 

a common weight. But, they were dealing with breeds that exhibit a great 

deal of variation in size and rate of maturity. 
2 Benyshek (1981) reported that h estimates of carcass traits from 

records adjusted to an age- or weight-constant basis were virtually 

identical from Hereford field data. This report suggests that it would 

be difficult to say which of the two methods is more appropriate and 

concludes that once the covariate slaughter age was included in the model 
2 little change in h or variance component estimates resulted from further 

adjustment of the data. 

Although it is most likely that ultrasound data collected from 

potential breeding animals will be less variable in terms of endpoint, 

how this data is adjusted is very important. Turner et al. (1990) 
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reports that cattlemen are concerned with comparing ULMA on adjusted or 

relative basis and suggest that adjusted ULMA and ULMA per unit body 

weight are important variables. Turner et al. (1990) conclude that ULMA 

measurements should be adjusted for linear effects of age and weight as 

well as linear and quadratic effects of fat before being used for 

selection. Wilson et al. (1993) on the other hand, report concern with 

this type of adjustment because an age-weight endpoint is an artificial 

endpoint that may not be genetically possible for many of the animals 

evaluated. Concerning LMA per unit body weight, Dinkel et al. (1965) 

report that the use of ratios or percents involving weight as a denomina­

tor does little more than change the sign of the relationship between the 

trait and weight. Dinkel et al. (1965) also warns that effects of 

interest in carcass traits may actually be masked by use of ratios or 

percents. 

Both Arnold et al. (1991) and Johnson (1992) evaluated UFAT and ULMA 

at age and weight constant endpoints in yearling bulls and found very 
2 little difference in h estimates. Johnson (1992) does, however, report 

that because of differences in phenotypic SD, slightly more progress in 

ULMA is possible with selection based on age-constant ULMA. 

Turner et al. (1990) reported that UFAT did not reveal any age 

regression effect (P > .10) and consequently was not adjusted. Both 

Arnold et al. (1991) and Johnson (1992) fit the linear effect of age as a 

covariate in their UFAT genetic evaluation models. 

Although the above reviewed literature is not conclusive as to the 

most appropriate endpoint to adjust carcass data, it appears that age 



158 

adjustment may have the most advantages. Consequently, this study will 

only address adjustment to an age-constant endpoint of 365 days. 

The serially collected measurements of WT, HT, UFAT, and ULMA allow 

a unique opportunity to evaluate several different adjustment procedures. 

Having four measurements on each animal allows the evaluation of both 

linear and quadratic effects of age on each trait providing a growth 

curve for each animal. However, scanning the animals four times is not 

practical in the field. Consequently, a more simplified procedure must 

be developed that still allows for accurate adjustment and evaluation of 

the traits of interest. The values obtained by adjusting an animal to 

365 days of age along individual animal linear and quadratic regression 

curves (WT365LQ, HT365LQ, FAT365LQ and LMA365LQ) will be used as the 

basis of comparison for other adjustment procedures in this study. The 

regression lines from which these adjustments are based make use of all 

the serially collected information available to describe changes in 

growth and composition on an individual animal basis. Also, Paper II of 

this Dissertation concluded that the within breed means of these individ­

ual animal linear and quadratic regressions better describe the actual 

changes in growth and composition in this set of yearling bulls than 

individual animal linear regressions or regressions performed on the 

pooled data within breed. 

It is not the intent of this study to suggest alternative adjustment 

procedures for WT and HT. However, to be consistent in evaluating 

changes in both growth and composition these variables will be analyzed 

the same as UFAT and ULMA. 
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The first data collection and adjustment option was to evaluate 

whether or not two of these four scans could be used to accurately adjust 

an animal to 365 days of age and if so how far apart should these two 

measurements be taken. Table 1 presents the rank correlations between 

individual animal linear and quadratic adjustments described by adjust­

ment procedure 1 and each of the possible two scan adjustments described 

by adjustment procedure 3. The rank correlations between the WT vari­

ables in both breeds are close to one in all cases and suggest that any 

of the two measurement adjustment procedures yield results nearly 

identical to the basis of comparison. The rank correlations for HT in 

Simmentals are quite consistent while those for HT in Angus suggest that 

the two measurements need to be between 30 and 60 days apart. The rank 

correlations relating to UFAT variables in this table indicate that 

within breed the rank correlations are similar and that Angus are ranked 

more like the basis of comparison than Simmentals. Finally, two ULMA 

measurements taken 30 to 60 days apart in both breeds yield results most 

like the basis of comparison. 

It is important to remember from Paper II of this Dissertation that 

the average age of these animals at the time of the fourth measurement 

was very close to 365 days of age and the SD of age in each of the 

contemporary groups ranged from 9 to 20 days. This combined with the 

results of Table 1 suggest that as long as the CG has a reasonably small 

amount of age variation and one of the two measurements (preferably the 

second) is made when the average age of the CG is close to 365 days two 

measurements can take the place of four. The rank correlations of .95 or 
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Table 1. Rank correlations between the individual animal linear and 
quadratic adjustment and all possible two measurement adjust­

ment procedures*'^ 

WT365LQ WT36534 WT36524 WT36514 

WT365LQ 1.0 .99 .97 
WT36534 .99 .99 .98 
WT36524 1.0 .99 1.0 
WT36514 .99 .99 1.0 

HT365LQ HT36534 HT36524 HT36514 

HT365LQ .95 .95 .90 
HT36534 .97 .95 .95 
HT36524 .98 .98 .97 
HT36514 .96 .98 .99 

FAT365LQ FAT36534 FAT36524 FAT36514 

FAT365LQ .99 .98 .97 
FAT36534 .95 .98 .98 
FAT36524 .97 .94 .99 
FAT36514 .94 .95 .98 

LMA365LQ LMA36534 LMA36524 LMA36514 

LMA365LQ .97 .96 .91 
LMA36534 .96 .92 .91 
LMA36524 .96 .96 .98 
LMA36514 .93 .96 .99 

®Angus above the diagonal Simmental below. 

''variable abbreviations are explained in the Materials and Methods. 
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greater indicate that animals can be very accurately adjusted to 365 days 

of age using the slope between two measurements taken 30 to 60 days 

apart. 

The second data collection and adjustment option was to evaluate 

adjusting an animal to 365 days of age using the slope of the line 

between a single measurement and a breed constant intercept at birth. 

These breed constant intercepts are the mean intercepts of individual 

animal linear regressions on age presented in Paper II of this Disserta­

tion. The slope of the line between the breed constant at birth and each 

of the four measurements taken on an animal were evaluated to assess the 

effect of taking a single measurement farther away from when the CG 

averaged a year of age. 

Table 2 presents the rank correlations comparing the results of 

these adjustments with the basis of comparison, which is again adjusting 

an animal to 365 days of age along the best fitting linear and quadratic 

regression curve on an individual animal basis. These results clearly 

indicate the potential ranking problems possible as we move the average 

age at the time of measurement away from 365 days. In all traits of both 

breeds for every 30 days farther away, the measurements are taken from 

when the CG average is close to 365 days there is a significant decrease 

in rank correlation, especially in the two carcass traits. It should be 

noted that when the average age of the CG is near 365 days and the age 

variation within the CG is fairly small this crude but simple adjustment 

procedure does a pretty good job of ranking the animals like our basis of 

comparison. 
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Table 2. Rank correlations between the individual animal linear and 
quadratic adjustment and each of the single measurement adjust­

ment procedures 

WT365LQ WT365B4 WT365B3 WT365B2 WT365B1 

WT365LQ .97 .94 .94 .89 
WT365B4 .99 .96 .95 .91 
WT365B3 .97 .97 .96 .91 
WT365B2 .92 .94 .93 .93 
WT365B1 .82 .82 .80 .91 

HT365LQ HT365B4 HT365B3 HT365B2 HT365B1 

HT365LQ .90 .77 .60 .65 
HT365B4 .95 .81 .70 .70 
HT365B3 .76 .83 .76 .72 
HT365B2 .64 .77 .86 .69 
HT365B1 .66 .72 .75 .75 

FAT365LQ FAT365B4 FAT365B3 FAT365B2 FAT365B1 

FAT365LQ .97 .90 .83 .71 
FAT365B4 .94 .90 .86 .73 
FAT365B3 .67 .67 .86 .72 
FAT365B2 .54 .61 .62 .78 
FAT365B1 .48 .47 .45 .54 

LMA365LQ LMA365B4 LMA365B3 LMA365B2 LMA365B1 

LMA365LQ .88 .65 .42 .45 
LMA365B4 .94 .58 .30 .32 
LMA365B3 .73 .79 .49 .49 
LMA365B2 .61 .71 .61 .72 
LMA365B1 .62 .64 .54 .86 

^Angus above the diagonal, Simmental below. 

'^Variable abbreviations are explained in Materials and Methods. 
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Table 3 contains a summary of rank correlations between values 

adjusted to 365 days of age using procedures 1, 2, 3a, and 4a. Proce­

dures 3a and 4a are the best adjustment options previously presented in 

Tables 1 and 2. Comparing these two adjustment procedures with procedure 

1 (adjusting to 365 days of age along the individual animal linear and 

quadratic curve) and procedure 2 (adjusting to 365 days of age along the 

individual animal linear regression line through the four measurements) 

suggests that procedure 3a ranks the animals most like the basis of 

comparison (procedure 1). In Simmentals, adjustment procedures 3a and 4a 

yield similar results with 3a having a slight advantage. The same is 

true for WT and UFAT in Angus but in HT and ULMA the rank correlations 

clearly suggest the two measurement adjustment procedures have an 

advantage. 

In general, the rank correlations between procedure 1 and procedures 

2 and 4a yield similar results. Paper II of this Dissertation concluded 

that the quadratic effect of age was essential to describe the composi­

tional changes taking place. Although the two measurement adjustment 

procedure (3a) presented here is a linear adjustment the slope of this 

1ine over the measurement period suggested (30-60 days apart when the CG 

averages 365 days of age) better adjusts for compositional changes during 

this time period than procedures 2 and 4a. This is especially true for 

the traits that displayed large quadratic effects in Paper II of this 

Dissertation. 

Genetic parameters were estimated with a REML algorithm (VanRaden, 

1986) that included sire and maternal grandsire genetic relationships 
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Table 3. Rank correlations between different ways of adjusting growth 
and carcass data to 365 days of age*'^ 

WT365LQ WT365L WT36534 WT365B4 

WT365LQ .97 1.0 .97 
WT365L .98 .98 .99 
WT36534 .99 .98 .98 
WT365B4 .99 .99 .99 

HT365LQ HT365L HT36534 HT365B4 

HT365LQ .88 .95 .90 
HT365L .90 .93 .96 
HT36534 .97 .93 .94 
HT365B4 .95 .96 .97 

FAT365LQ FAT365L FAT36534 FAT365B4 

FAT365LQ .97 .99 .97 
FAT365L .90 .97 .98 
FAT36534 .95 .89 .98 
FAT365B4 .94 .93 .94 

LMA365LQ LMA365L LMA36534 LMA365B4 

LMA365LQ .91 .97 .88 
LMA365L .87 .90 .92 
LMA36534 .96 .90 .88 
LMA365B4 .94 .94 .96 

®Angus above the diagonal Simmental below. 

'^Variable abbreviations are explained in the Materials and Methods. 
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(Goldman, 1989). Age-constant data obtained from adjustment procedure 1 

were used in this analysis. Table 4 contains single trait estimates of 
2 sire variance, error variance and h for Angus bulls. The parameter 

estimates for FAT365LQ could not be solved for Angus because the sire 

variance was zero. The h^ of LMA365LQ in this study (.64) was much 
2 higher than the h reported by Wilson et al. (1993) for LMA from Angus 

field data (.32). Table 5 contains the results of the same analysis of 
2 Simmental data. Woodward et al. (1992) reported h estimates from 

Simmental field data of .28 and .18 for retail cuts per day (RC) and 

percent cutability (CU), respectively. Although these are not exactly 

the same traits they certainly are indications of muscle and fatness. 

Lamb et al. (1990), Arnold et al. (1991) and McDonald (1991) reported h^ 

of UFAT to be .24, .26, and .25, respectively, while Turner et al. (1990) 

and Johnson (1992) found this h^ to be only .04 and .14, respectively. 

The h^ for FAT365LQ (.21) for Simmental bulls in Table 5 agrees more 

closely with the first three studies. The h^ estimates for LMA365LQ for 

both breeds are much higher than those reported by Turner et al. (1990), 

Arnold et al. (1991), McDonald (1991), and Johnson (1992) of .11, .28, 

.25, and .40, respectively. These estimates are also generally higher 

than age constant estimates of carcass measured LMA in the literature 

(Benyshek, 1981; Brakelsburg et al., 1971; Cundiff et al., 1971; Dinkel 

and Busch, 1973; Koch, 1978; Koch et al., 1982). These studies report h^ 
2 of LMA to be from .25 to .56 and h of carcass fat to be from .40 to .68. 

The h^ of HT365LQ in Table 5 is also much lower than the h^ of frame 

score reported by Johnson (1992) (.42). This is perhaps partly due to 
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Table 4. Single trait variance component and heritability estimates for 
Angus growth and ultrasonically measured carcass traits* 

Trait 
Sire 

Variance SE 
Error 
Variance SE h2 SE 

WT365LQ 498.37 308.88 3322.74 317.53 .52 .28 

HT365LQ .8042 .4747 4.8125 .4600 .57 .29 

FAT365LQb 

LMA365LQ 2.2955 1.2826 12.0670 1.1529 .64 .30 

^Adjusted to a year of age using individual animal linear and 
quadratic regressions. 

'^Estimates not available, sire variance approaches zero. 

Table 5. Single trait variance component and heritability estimates for 

Simmental growth and ultrasonically measured carcass traits® 

Sire Error 9 
Trait Variance SE Variance SE h^ SE 

WT365LQ 335.98 310.54 3293.51 377.79 .37 .31 

HT365LQ .4503 .5535 7.3998 .8489 .23 .27 

FAT365LQ .0003 .0005 .0061 .0008 .21 .26 

LMA365LQ 2.8206 1.7374 10.0813 1.1561 .87 .43 

^Adjusted to a year of age using individual animal linear and 
quadratic regressions. 
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the small amount of variation in frame size in the Simmental bulls and 

partly due to the error involved in HT measurement. It should be noted 

that the estimates of sire and error variance for FAT365LQ in Table 5 are 
2 extremely small. It is also important to remember that the h estimates 

in this study are from a limited amount of data and consequently the 

standard errors are quite large. 

Table 6 contains sire EPD and accuracy means and ranges for each 

trait by breed. In the Angus breed, the 26 sires evaluated had a mean 

effective progeny number (EPN) of 8.17 and the range in EPN was from 1.93 

to 19.55. The 14 Simmental sires evaluated had EPNs ranging from 3.58 to 

21.36 and the mean EPN was 9.67. The narrow range in FAT365LQ EPDs for 

Simmentals indicates that it would be difficult to make much change in 

FAT with selection based on these EPDs. The range in LMA365LQ EPDs for 

Angus bulls is reasonably close to the range in LMA EPDs (-4.2 to 4.2 
2 cm ) in the Angus sire summary (Wilson et al., 1993). The range in 

accuracies suggest that these results are subject to some possible change 

but certainly have merit as preliminary indications. 

When multiple trait analysis of the data were performed there were 

convergence problems in both breeds when all four traits were involved. 

In Angus, when FAT365LQ was removed from the analysis convergence 

criteria were met and the resulting variance component and heritability 
2 estimates are presented in Table 7. These h estimates are very close to 

those of the single trait analysis in Table 4. Woodward et al. (1992) 

also found that single versus multiple trait analysis of carcass and 
2 growth traits in Simmental field data had very little effect on h 
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Table 6. Sire EPDs and accuracies of growth and ultrasonically measured 
carcass traits adjusted to a year of age with individual animal 

linear and quadratic regressions* 

Sire EPDs Accuracy 

Breed Trait Mean Range Mean Range 

Angus WT365LQ,kg -.22 -22.62 to 19.10 .55 .29 to .76 

HT365LQ,cm .01 -.84 to 2.67 .57 .30 to .78 

FAT356LQb,cm 

LMA365LQ,cm^ -.05 -6.19 to 4.73 .59 .32 to .80 

Simmental WT365LQ,kg -.57 -17.22 to 9.29 .52 .27 to .73 

HT365LQ,cm 0 -1.07 to 1.14 .42 .18 to .64 

FAT365LQ,cm 0 -.02 to .04 .41 .17 to .63 

LMA365LQ,cm^ .03 -4.84 to 5.81 .71 .50 to .87 

*From single trait analysis. 

^FAT365LQ did not converge for Angus, sire variance approaches zero. 
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Table 7. Multiple trait variance component and heritability estimates 

for Angus growth and ultrasonically measured carcass traits* 

Sire Error „ 
Trait Variance SE Variance SE h SE 

WT365LQ 482.51 303.81 3328.89 318.12 .51 .28 

HT365LQ .7948 .4719 4.8156 .4602 .57 .29 

LMA365LQ 2.2626 1.2723 12.0787 1.1542 .63 .30 

^Adjusted to a year of age using individual animal linear and 
quadratic regressions. 

estimates. In Simmentals when HT365LQ was removed from the analysis 
2 convergence criteria were met and the resulting variance component and h 

estimates are shown in Table 8. Multiple trait analysis in this case 
2 yielded higher h estimates than single trait analysis for WT365LQ and 

FAT365LQ. The h^ estimates for LMA365LQ were identical in the two 

analyses. 

Table 9 presents the genetic (rg) and phenotypic (rp) correlations 

between the three traits evaluated with the multiple trait analysis for 

Angus. This table indicates that in Angus bulls yearling weight and 

muscling are positively associated (r^ = .67) and that the genetic 

relationship between LMA365LQ and HT365LQ is small (r^ = .13). This 

suggests that selection for age constant-ULMA should allow animals to 

increase in muscling and weight without great increases in height, which 

should allow breeders to moderate height and mature size while improving 

growth and carcass traits. 
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Table 8. Multiple trait variance component and heritability estimates 

for Simmental growth and ultrasonically measured carcass 

traits* 

Trait 
Sire 

Variance SE 
Error 

Variance SE h2 SE 

WT365LQ 472.10 370.21 3249.76 372.77 .51 .35 

FAT365LQ .0005 .0005 .0061 .0008 .32 .30 

LMA365LQ 2.8039 1.7303 10.0864 1.1568 .87 .43 

^Adjusted to a year of age using individual animal linear and 
quadratic regressions. 

Table 9. Angus growth and ultrasonically measured carcass trait pheno-
a h 

typic and genetic correlations ' 

WT365LQ HT365LQ LMA365LQ 

WT365LQ .40 .67 

HT365LQ .44 .13 

LMA365LQ .39 .03 

^Adjusted to a year of age using individual animal linear and 
quadratic regressions. 

'^Genetic correlations above the diagonal, phenotypic correlations 
below. 
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Table 10 contains the and fp between the three traits in the 

Simmental multiple trait analysis. Similar to Angus the Simmental rg 

between WT365LQ and LMA365LQ is quite large (.80). This table also 

indicates virtually no genetic association between LMA365LQ and FAT365LQ 

(rg = -.03). Phenotypically, FAT365LQ is only moderately correlated with 

yearling weight and LMA365LQ (rg = .26 and .25, respectively). The rg 

between WT365LQ and FAT365LQ in this study (-.29) is in reasonable 

agreement with Johnson (1992) who found it to be -.55. Other researchers 

(Lamb et al., 1990; Turner et al., 1990; Arnold et al., 1991) have 

reported a positive genetic relationship between ultrasonically measured 

fat and weight traits. 

Arnold et al. (1991) and Johnson (1992) reported that the rg between 

yearling weight and yearling LMA was .57 and .38, respectively. Turner 

et al. (1990) on the other hand reported this rg to be -.07 and suggested 

the two traits had independent genetic determination. Table 9 suggests a 

moderate rg (.40) between yearling weight and height in Angus bulls while 

Johnson (1992) reports the rg between frame score and yearling weight to 

be high (.67). Johnson (1992) also reports rg of frame score with ULMA 

and UFAT of .01 and .14, respectively, and suggest that the genetic 

relationship between skeletal size and carcass traits in Brangus bulls is 

small if even existent. 

Although the parameter estimates and sire EPDs are not reported 

here they were also estimated for age constant variables adjusted via 

procedures 2, 3a, and 4a. The main reason for performing these analyses 

was to allow comparison of sire EPDs from four of the previously 
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Table 10. Simmental growth and ultrasonically measured carcass trait 

phenotypic and genetic correlations**^ 

WT365LQ FAT365LQ LMA365LQ 

WT365LQ -.29 .80 

FAT365LQ .26 -.03 

LMA365LQ .59 .25 

^Adjusted to a year of age using individual animal linear and 
quadratic regressions. 

'^Genetic correlations above the diagonal, phenotypic correlations 
below. 

evaluated adjustment procedures (1, 2, 3a, and 4a). Table 11 presents 

the rank correlations between sire EPDs from each of these adjustment 

procedures by trait. Again, remember that there was no convergence for 

adjusted UFAT in Angus bulls and consequently the solutions are not 

available. As one might expect, this table generally yields the same 

results as Table 3. However, the advantage of the two measurement 

adjustment procedure (3a) is even clearer in Table 11. 

In conclusion, this study suggests that producers can scan bulls 

twice, 30-60 days apart and do a very accurate job of adjusting UFAT and 

ULMA to a year of age. One of these two scans (preferably the second) 

needs to be taken when the CG average age is near 365 days. The age 

variation within the contemporary group needs to be as small as possible 

(SD < 20 days). This data collection and adjustment procedure seems the 
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Table 11. Rank correlations between sire solutions from four different 
adjustment strategies*'^ 

WT365LQ WT365L WT36534 WT365B4 

WT365LQ .88 .97 .92 
WT365L 1.0 .91 .97 
WT36534 .97 .96 .94 
WT365B4 .98 .97 .99 

HT365LQ HT365L HT36534 HT365B4 

HT365LQ .77 .91 .86 
HT365L .99 .89 .92 
HT36534 .98 .98 .97 
HT365B4 .96 .97 .96 

FAT365LQ FAT365L FAT36534 FAT365B4 

FAT365LQ 
FAT365L .83 
FAT36534 .98 .80 
FAT365B4 .92 .84 .92 

LMA365LQ LMA365L LMA36534 LMA365B4 

LMA365LQ .83 .98 .81 
LMA365L .82 .85 .93 
LMA36534 .96 .87 .83 
LMA365B4 .93 .93 .98 

^Angus above the diagonal Simmental below. 

'^Variable abbreviations are explained in the Materials and Methods. 
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most accurate and practical. The results of this study indicate that if 

single measurement data collection and adjustment procedures are used, 

producers are going to sacrifice some accuracy as it relates to correctly 

ranking both individual animals and sire EPDs. However, whether or not 

the expense and difficulty of taking the second measurement is worth the 

increase in accuracy of taking two measurements is not known. 

With the exception of adjusted fat thickness in Angus bulls all 
2 evaluated traits were heritable. Although some of these h estimates are 

not in real close agreement with those of other researchers they are 

based on limited numbers. As the number of sires represented and the 

number of animals evaluated increases these estimates will stabilize. 

This study and others cited within certainly suggest that selection based 

on genetic evaluations of ultrasonically measured LMA could be effective. 

The use of this type of UFAT evaluation on the other hand is a bit less 

certain. It appears that, at the energy levels fed in many performance 

bull tests, these young bulls are not fully expressing their genetics to 

fatten. For this reason it is extremely important that the ultrasound 

technician accurately evaluate the differences that are present. It also 

seems important that the sire groups and contemporary groups are fairly 

large to aid in determining differences. Finally, one again needs to 

remember that these results are based on fairly limited numbers. 

Consequently, these results are only preliminary and more information 

must be collected before any major programs are initiated. 
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IMPLICATIONS 

The data collection and adjustment procedures presented in this 

paper suggest that there are practical and accurate ways to use ultrason-

ically evaluated carcass data in a carcass evaluation program. Prelimi­

nary analysis involving limited numbers certainly suggest that improve­

ment in LMA is possible via this system. The amount of variation in fat 

thickness causes these evaluations to appear less appealing from a 

genetic improvement standpoint. However, with more animals evaluated and 

improving technology, valid genetic evaluations of sires for UFAT is 

still possible. The small amount of variability in UFAT measurements 

makes it unlikely to ever be a tool to make individual animal selections, 

however, its use to evaluate sire group differences and create genetic 

evaluation data bases is still promising. More investigation is also 

needed to determine the relationships between composition differences in 

breeding and market animals. Along with this, research is certainly 

needed to determine how ultrasound measurements of breeding and market 

animals and carcass data, both current and future, are going to be 

combined in genetic evaluation programs. More importantly perhaps is how 

are the differences in carcass EPDs of sires, as determined by ultrasonic 

evaluation of yearling breeding animals, expressed in their offspring fed 

as market animals. 
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GENERAL CONCLUSION 

The results presented suggest that, when operated by an experienced, 

competent technician, real-time ultrasound technology has the potential 

to accurately measure fat thickness and longissimus muscle area in live 

beef cattle. Accurate and practical data adjustment procedures are 

presented that allow animals to be compared at a constant endpoint. 

Preliminary analysis indicated that yearling longissimus muscle area in 

both breeds and fat thickness in Simmentals, as determined by ultrasound 

measurements, are heritable traits on which selection should be effec­

tive. These estimates are based on limited numbers and consequently the 

standard errors are large. As additional data is collected the accuracy 

of these evaluations will increase and hopefully genetic analysis of fat 

thickness in Angus will be successful. Also, as the technology continues 

to improve so should the accuracy and usefulness of this information. 

Genetic evaluation and improvement of carcass traits is a must if 

the beef industry is to stay competitive. Results of these studies and 

those referenced within certainly indicate that real-time ultrasound 

technology has the potential to play a key role in this process. 

Certainly one of the limiting factors to the widespread use of this 

technology to evaluate carcass merit will be its ability to measure 

intramuscular fat or marbling in the live animal. Current research 

results look promising. 

Although the results from the genetic analysis portion of this 

report look very promising more data is needed before any major industry 
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moves take place. More investigation is needed to determine the rela­

tionships between compositional differences in breeding and market 

animals. Also, how data collected on carcasses and ultrasound informa­

tion are going to be used together must be determined. The real question 

yet to be answered is how are the differences in carcass EPDs, developed 

from ultrasound data collected on yearling breeding animals, expressed in 

the market offspring they are intended to represent. 



182 

LITERATURE CITED 

Alliston, J. C. 1982. The use of data scanner ultrasonic machine to 

predict the body composition of Hereford bulls. Anim. Prod. 

35:361. 

Arnold, J. W., J. 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. J. Anim. Sci. 

69:985. 

Arthaud, V. H. 1970. Effects of sex and energy levels on beef carcass 

composition. Proc. Recip. Meat Conf. 23:76. 

Arthaud, V. H., C. H. Adams, D. R. Jacobs, and R. M. Koch. 1969. 

Comparison of carcass traits in bulls and steers. J. Anim. Sci. 

28:742. 

Arthaud, V. H., R. W. Mandigo, R. M. Koch, and A. W. Kotula. 1977. 

Carcass composition, quality, and palatability attributes of bulls 

and steers fed different energy levels and killed at four ages. J. 

Anim. Sci. 44:53. 

Bailey, C. B., and R. Hironaka. 1969. Growth and carcass characteris­

tics of bulls, steers, and partial castrates kept on range for the 

first year of life and then fattened. Can. J. Anim. Sci. 49:37. 

Bailey, C. M., J. Jenson, and B. B. Anderson. 1986. Ultrasonic scanning 

and body measurements for predicting composition and muscle distri­

bution in young Hoi stein x Freisian bulls. J. Anim. Sci. 63:1337. 



183 

Barber, K. A., L. L. Wilson, J. H. Ziegler, P. C. Levan, and J. L. 

Watkins. 1981. Charolais and Angus steers slaughtered at equal 

percentages of mature low weight. I. Effects of slaughter weight 

and diet energy density on carcass traits. J. Anim. Sci. 52:218. 

Benyshek, L. L. 1981. Heritabilities for growth and carcass traits 

estimated from data on Herefords under commercial conditions. J. 

Anim. Sci. 53:49. 

Benyshek, L. L., J. K. Bertrand, D. E. Little, M. H. Johnson, and L. A. 

Kreise. 1988. Evaluating and reporting carcass traits, pp. 43-55. 

Beef Improvement Federation Proc., Albuquerque, NM. 

Bertrand, J. K., L. L. Benyshek, D, E. Little, M. H. Johnson, L. A. 

Kriese, and J. W. Arnold. 1989. Carcass expected progeny differ­

ences. pp. 99-105. Beef Improvement Federation Proc., Nashville, 

TN. 

Boldman, K. G. 1989. Heterogeneity of variances by herd production 

level and its effect on dairy cow and sire evaluation. Ph.D. Diss. 

(Microfilm No. DEW8920113) Iowa State Univ., Ames. 

Brackelsberg, P. 0., E. A. Kline, R. L. Willham, and L. N. Hazel. 1971. 

Genetic parameters for selected beef-carcass traits. J. Anim. Sci. 

33:13. 

Brethour, J. R. 1992. The repeatability and accuracy of ultrasound in 

measuring backfat of cattle. J. Anim. Sci. 70:1039. 

Busch, D. A., and C. A. Dinkel. 1967. Heritability estimates for 

certain beef traits. J. Anim. Sci. 26:1465 (Abstr.). 



184 

Champagne, J. R., J. W. Carpenter, J. F. Hentges, Jr., A. Z. Palmer, and 

M, Koger. 1969. Feedlot performance and carcass characteristics of 

young bulls and steers castrated at four ages. J. Anim. Sci. 

29:887. 

Cianzio, D. S., D. G. Topel, G. B. Whitehurst, D. C. Beitz, and H. L. 

Self. 1982. Adipose tissue growth in cattle representing two frame 

sizes: Distribution among depots. J. Anim. Sci. 55:305. 

Cross, H. R. 1989. Advances in ultrasound procedures for determining 

carcass merit in cattle, pp. 1-6. Beef Improvement Federation 

Proc., Nashville, TN. 

Cross, H. R., L. W. Douglass, E. D. Linderman, C. E. Murphey, J. W. 

Savell, G. C. Smith, and D. M. Stiffler. 1980. An evaluation of 

the accuracy and uniformity of the USDA beef quality and yield 

grading system. Final report to the Office of the Inspector Gener­

al, USDA. 

Cross, H. R., D. A. Gilliland, P. R. Durland, and S. Seideman. 1983. 

Beef carcass evaluation by use of a video image analysis system. J. 

Anim. Sci. 57:908. 

Cross, H. R., J. W. Savell, and J. J. Francis. 1986. National consumer 

retail beef study. Proc. Recip. Meat Conf. 39:112. 

Cross, H. R., and A. D. Whittaker. 1992. The role of instrument grading 

in a beef value-based marketing system. J. Anim. Sci. 70:984. 

Cundiff, L. V. 1991. Ultrasound estimation of carcass EPDs. pp. 95-

103. Beef Improvement Federation Proc., San Antonio, TX. 



185 

Cundiff, L. V., D. Chambers, D. F. Stephens, and R. L. Will ham. 1964. 

Genetic analysis of some growth and carcass traits in beef cattle. 

J. Anim. Sci. 23:1133. 

Cundiff, L. v., K. E. Gregory, R. M. Koch, and G. E. Dickerson. 1969. 

Genetic variation in total and differential growth of carcass 

components in beef cattle. J. Anim. Sci. 29:233. 

Cundiff, L. V., K. E. Gregory, R. M. Koch, and G. E. Dickerson. 1971. 

Genetic relationships among growth and carcass traits of beef 

cattle. J. Anim. Sci. 33:550. 

Dinkel, L. A., and D. A. Busch. 1973. Genetic parameters among produc­

tion, carcass composition and carcass quality traits in beef cattle. 

J. Anim. Sci. 36:832. 

Dinkel, C. A., D. A. Busch, D. E. Schafer, H. J. Tuma, J. A. Minyard, and 

W. J. Costello. 1969. Changes in composition of beef carcasses with 

increasing animal weight. J. Anim. Sci. 28:316. 

Dinkel, C. A., L. L. Wilson, H. J. Tuma, and J. A. Minyard. 1965. 

Ratios and percents as measures of carcass traits. J. Anim. Sci. 

24:425. 

Duello, D. A., G. H. Rouse, and D. E. Wilson. 1990. Real-time ultra­

sound as a method to measure ribeye area, subcutaneous fat cover and 

marbling in beef cattle. J. Anim. Sci. 68(Suppl. 1);240 (Abstr.). 

Fahmy, M. H., and G. Lalande. 1975. Growth rate, feed conversion and 

carcass traits of Charolais x Holstein-Friesian and Hereford x 

Holstein-Fresian steers slaughtered at three different weights. 

Anim. Prod. 20:11. 



186 

Faulkner, D. B., D. F. Parrett, F. K. McKeith, and L. L. Berger. 1990. 

Prediction of fat cover and carcass composition from live and 

carcass measurements. J. Anim. Sci. 68:604. 

Feild, R. A. 1971. Effect of castration on meat quality and quantity. 

J. Anim. Sci. 32:849. 

Ferguson, D. M. 1991. Ultrasonic evaluation: Ultrasonic measurements 

and their relations to composition. Proc. Symp. on Electronic 

Evaluation of Meat in Support of Value-Based Marketing. Purdue 

Univ., West Lafayette, IN. 

Galbraith, H., D. G. Dempster, and T. B. Miller. 1978. A note on the 

effect of castration on the growth performance and concentrations of 

some blood metabolites and hormones in British Fresian male cattle. 

Anim. Prod. 26:339. 

Garrett, W. N., and H. Hinman, 1971. Fat content of trimmed beef muscles 

as influenced by quality grade, yield grade, marbling score, and 

sex. J. Anim. Sci. 33:948. 

Glimp. H. A., M. E. Dikeman, H. J. Tuma, K. E. Gregory, and L. V. 

Cundiff. 1971. Effect of sex condition on growth and carcass 

traits of male Hereford and Angus cattle. J. Anim. Sci. 33:1242. 

Gortsema, S. R., J. R. Jacobs, R. G. Sasser, T. L. Gregory, and R. C. 

Bull. 1974. Effects of endogenous testosterone on production and 

carcass traits in beef cattle. J. Anim. Sci. 39:680 

Hedrick, H. B., G. B. Thompson, and G. F. Krause. 1969. Comparison of 

feedlot performance and carcass characteristics of half-sib bulls, 

steers and heifers. J. Anim. Sci. 29:687 



187 

Henderson, C. R. 1963. Selection index and expected genetic advance. 

In: Statistical Genetics and Plant Breeding. Publ. 982. National 

Academy of Sciences-National Research Council, Washington, D.C. 

Henderson, C. R. 1973. Sire evaluation and genetic trends. IN: Proc. 

Anim. Breed. Genet. Symp. in honor of J. L. Lush. p. 10. ASAS and 

ADSA. Champaign, IL. 

Henderson, C. R. 1974. General flexibility of linear model techniques 

for sire evaluation. J. Dairy Sci. 57:963. 

Herring, D. S., and G. Bjornton. 1985. Physics, facts, and artifacts of 

diagnostic ultrasound. In: The Veterinary Clinics of North Ameri-

ca-Small Animal Practice, pp. 1107-1122. W. B. Saunders Company, 

Philadelphia, PA. 

Houghton, P. L. 1988. Application of ultrasound in commercial feedlots 

and beef breeding programs, pp. 89-99. Beef Improvement Federation 

Proc., Albuquerque, NM.• 

Houghton, P. L., and L. M. Turlington. 1992. Application of ultrasound 

for feeding and finishing animals: A review. J. Anim. Sci. 

70:930. 

Jacobs, J. A., C. E. Hurst, J. C. Miller, A. D. Howes, T. L. Gregory, and 

T. P. Ringkob. 1977. Bulls versus steers. 1. Carcass composition, 

wholesale yields and retail values. J. Anim. Sci. 46:695. 

Janssen, J., B. Bech Anderson, P. L. Bergstrom, H. Busk, G. W. Lugerweij, 

and J. K. Oldenbroek. 1985. In vivo estimation of body composition 

in young bulls for slaughter. 2. The prediction of carcass traits 

from scores, ultrasonic scanning and body measurements. Livstk. 

Prod. Sci. 12:231. 



188 

Jesse, G. W., G. B. Thompson, J. L. Clark, H. B. Hedrick, and K. G. 

Weimer. 1976. Effects of ration energy and slaughter weight on 

composition of empty body and carcass gain of beef cattle. J. Anim. 

Sci. 43:418. 

Johnson, M. Z. 1992. Genetic parameter estimates of ultrasound-measured 

ribeye area and twelfth-rib fat thickness in Brangus cattle. Ph.D. 

Dissertation. Kansas State University. 

Kauffman, R. G., M. E. Van Ess, R. A. Long, and D. M. Schaefer. 1975. 

Marbling: Its use in predicting beef carcass composition. J. Anim. 

Sci. 40:235. 

Koch, R. M. 1978. Selection in beef cattle. III. Correlated response 

of carcass traits to selection for weaning weight, yearling weight 

and muscle score in cattle. J. Anim. Sci. 47:142. 

Koch, R. M., L. V. Cundiff, and K. E. Gregory. 1982. Heritabilities and 

genetic, environmental and phenotypic correlations of carcass traits 

in a population of diverse biological types and their implications 

on selection programs. J. Anim. Sci. 55:1319. 

Koch, R. M., M. E. Dikeman, D. M. Allen, M. May, J. D. Grouse, and D. R. 

Campion. 1976. Characterization of biological types of cattle. 

III. Carcass composition, quality and palatability. J. Anim. Sci. 

43:48. 

Koch, R. M., M. E. Dikeman, and J. D. Crouse. 1982b. Characterization 

of biological types of cattle (Cycle III). III. Carcass composi­

tion, quality and palatability. J. Anim. Sci. 54:35. 



189 

Koch, R. M., M. E. Dikeman, R. J. Lipsey, D. M. Allen, and J. D. Grouse. 

1979. Characterization of biological types of cattle-Cycle II: 

III. Carcass composition, quality and palatability. J. Anim. Sci. 

49:448. 

Lake, R. 1991. Ultrasonic evaluation: Image analysis and industrial 

applications. Proc. Symp. on Electronic Evaluation of Meat in 

Support of Value-Based Marketing. Purdue Univ., West Lafayette, IN. 

Lamb, M. A., 0. W. Robinson, and M. W. Tess. 1990. Genetic parameters 

for carcass traits in Hereford bulls. J. Anim. Sci. 68:64. 

Lauprecht, E., J. Sheper, and M. Schroder. 1957. Measuring the backfat 

thickness of live pigs with echo-ranging techniques. Milt. Dtsch. 

Landw. Ges. 72:881. 

Lopes, D. M., S. A. Williamson, J. A. Jacobs, and M. W. Thomas. 1987. 

Estimation of fat depth and longissimus muscle area in swine by the 

use of real-time ultrasonography. Proc. Western Sect. ASAS. 

38:155. 

McDonald, A. 1991. Genetic prediction of ultrasound evaluation in 

Australia, pp. 91-94. Beef Improvement Federation Proc., San 

Antonio, TX. 

McLaren, D. G., J. Novakofski, D. F. Parrett, L. L. Lo, S. D, Singh, K. 

R. Neuman, and F. K. McKieth. 1991. A study of operator effects on 

ultrasonic measures of fat depth and longissimus muscle area in 

cattle, sheep, and pigs. J. Anim. Sci. 69:54. 

Mersmann, H. J. 1982. Ultrasonic determination of backfat depth and 

loin area in swine. J. Anim. Sci. 54:268. 



190 

Miller, M. F., H. R. Cross, and J. C. Grouse. 1987. Effect of feeding 

regimen, breed, and sex condition on carcass composition and feed 

efficiency. Meat Sci. 20:39. 

Miller, M. F., H. R. Cross, G. C. Smith, J. F. Baker, F. M. Meyers, and 

H. A. Recio. 1986. Evaluation of live carcass techniques for 

predicting beef carcass composition. Meat Sci. 23:111. 

Moylan, J., C. B. Ramsey, R. A. Long, R. D. Green, T. L. Perkins, S. P. 

Jackson, and L. J. Hughes. 1991. Evaluation of linear measure­

ments, ultrasound and visual appraisal as estimators of composition 

in beef cattle. J. Anim. Sci. 69(Suppl. 1):57 (Abstr.). 

Nour, A. Y. M., M. L. Thonney, J. R. Stouffer, and W. R. C. White, Jr. 

1983. Changes in carcass weight and characteristics with increasing 

weight of large and small cattle. J. Anim. Sci. 57:1154. 

Nichols, J. R., J. H. Ziegler, J. M. White, E. M. Kesler, and J. L. 

Watkins. 1964. Production and carcass characteristics of Holstein-

Friesan bulls and steers slaughtered at 800 or 1000 pounds. J, 

Dairy Sci. 47:179. 

Perkins, T. L., R. D. Green, and K. E. Hamlin. 1992. Evaluation of 

ultrasonic estimates of carcass fat thickness and longissimus muscle 

area in beef cattle. J. 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. J. Anim. Sci. 

70:2758. 



191 

Rantanen, N. W., and R. L. Ewing. 1981. Principles of ultrasound 

application in animals. Veterinary Radiology. 22:196. 

Reiling, B. A. 1991. A comparison of performance, carcass parameters, 

and retail yield of young bulls fed for the fast food industry with 

three frame sizes of genetically similar steers fed for conventional 

retail markets. M. S. Thesis. Iowa State University, Ames, Iowa. 

Robinson, D. L., C. A. McDonald, K. Hammond, and J. W. Turner. 1992. 

Live animal measurement of carcass traits by ultrasound: Assessment 

and accuracy of sonographers. J. Anim. Sci. 70:1667. 

Robinson, D. L., M. Schneeberger, S. Sivarajasingam, M. Ukkonen, S. A. 

Barwick, C. A. McDonald, B. Tier, K. Hammond, and B. Sundstrom. 

1990. Genetic evaluation for carcass traits in Australian beef 

cattle. In: Proc. 4th World Congress on Genetics Applied to 

Livestock Production, Edinburgh. July, 1990. 

Rouse, 6., D. Wilson, D. Duello, and B. Reiling. 1992. The accuracy of 

real-time ultrasound scans taken serially on small- medium- and 

large-framed steers and bulls slaughtered at three end points. Iowa 

State Univ. A. S. Leaflet R896. 

SAS. 1989. SAS User's Guide, Version 6, Fourth Edition. SAS Intitute 

Inc., Gary, NC. 

Savell, J. W., R. E. Branson, H. R. Cross, D. M. Stiffler, J. W. Wise, D. 

B. Griffin, and G. C. Smith. 1987. National consumer retail beef 

study: Palatability evaluations of beef loin steaks that differed 

in marbling. J. Food Sci. 52:517. 



192 

Savell, J. W., H. R. Cross, J. J. Francis. J. W. Wise, D. S. Hale, D. L. 

Wilkes, and G. C. Smith. 1989. National Consumer Retail Study: 

Interaction of trim level, price and grade on consumer acceptance of 

beef steaks and roasts. J. Food Qua!. 12:251. 

Savell, J. W., J. J. Harris, H. R. Cross, D. S. Hale, and L. Beasley. 

1991. National Beef Market Basket Survey. J. Anim. Sci. 69:2883. 

Seidman, S. C., H. R. Cross, R. R. Oltgen, and B. D. Schanbacker. 1989. 

Utilization of the intact male for red meat production: A review. 

J. Anim. Sci. 55:826. 

Smith, M. T., J. 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. J. Anim. 

Sci. 70:29. 

Stouffer, J. R. 1988. Ultrasonic evaluation of beef cattle. Ad Hoc 

Ultrasonic Guidelines Committee. Study Guide. Cornell Univ., 

Ithaca, NY. 

Stouffer, J. R., T. C. Perry, and D. G. Fox. 1989. New techniques for 

real-time ultrasonic evaluations of beef cattle. J. Anim. Sci. 

67(Suppl. 1):121 (Abstr.). 

Stringer, W. C., H. B. Hedrick, C. L. Cramer, R. J. Epley, A. J. Dyer, G. 

F. Krause, and R. H. White. 1968. Effect of full feeding for 

various periods and sire influences on quantitative and qualitative 

beef carcass characteristics. J. Anim. Sci. 27:1547. 



193 

Swinger, L. A., K. E. Gregory, L. J. Sumption, B. C. Breidenstein, and V. 

H. Arthaud. 1965. Selection indexes for efficiency of beef produc­

tion. J. Anim. Sci. 24:418. 

Temple, R. S., H. H. Stonaker, D. Howry, G. Posakony, and M. H. Hazaleus. 

1956. Ultrasonic conductivity methods for estimating fat thickness 

in live cattle. Proc. West. Sect. Am. Soc. Anim. Prod. 7:477. 

Turlington, L. M. 1990. Live animal evaluation of swine and sheep using 

ultrasonics. M. S. Thesis. Kansas State Univ., Manhattan, KS. 

Turner, J. W., L. S. Pelton, and H. R. Cross. 1990. Using live animal 

ultrasound measures of ribeye area and fat thickness in yearling 

Hereford bulls. J. Anim. Sci. 68:3502. 

Turton, J. D. 1969. The effect of castration on meat production from 

cattle, sheep, and pigs. pp. 1-50. In: D. N. Rhodes (Ed.) Meat 

Production from Entire Male Animals. J. and A. Churchill Ltd., 

London. 

VanRaden, D. M. 1986. Computational strategies of estimation of vari­

ance components. Ph.D. Diss. (Microfilm No. DEW87-03778), Iowa 

State Univ., Ames. 

Verde, L. S., and A. Trenkle. 1987. Concentrations of hormones in 

plasma from cattle with different growth potentials. J. Anim. Sci. 

64:426. 

Waldner, D. N., M. E. Dikeman, R. R. Schalles, W. 6. Olsen, P. L. Hough­

ton, J. A. Unruh, and L. R. Corah. 1992. Validation of real-time 

ultrasound technology for predicting fat thickness, longissimus 

muscle areas, and composition of Brangus bulls from four months to 

two years of age. J. Anim. Sci. 70:3044. 



194 

Wallace, M. A., J. R. Stouffer, and R. G. Westervelt. 1977. Relation­

ships of ultrasonic and carcass measurements with retail yield in 

beef cattle. Lvstk. Prod. Sci. 4:153. 

Wallace, M. A., J. R. Stouffer. 1974. Predicting beef carcass cut out 

with ultrasound. J. Anim. Sci. 39:176 (Abstr.). 

Warrick, E. J., P. A. Putnam, R. L. Hinner, and R. E. Davis. 1970. 

Effects of castration on performance and carcass characters of 

monozygotic bovine twins. J. Anim. Sci. 31:296. 

Watson, M. J. 1969. The effects of castration on the growth and meat 

quality of grazing cattle. Australian J. Exp. Agr. Anim. Husb. 

9:164. 

Wild, J. J. 1950. The use of ultrasonic pulses for the measurement of 

biological tissues and the detection of density changes. Surgery. 

27:183. 

Wild, J. J., and D. Neal. 1951. Use of high-frequency ultrasonic waves 

for detecting changes of texture in living tissues. Lancet. 1:655. 

Wilson, D. E. 1992. Application of ultrasound to genetic improvement. 

J. Anim. Sci. 70:973. 

Wilson, D. E., R. L. Will ham, S. L. Northcutt, and G. H. Rouse. 1993. 

Carcass composition genetic parameters estimated from Angus field 

records and genetic evaluation. J. Anim. Sci. Submitted. 

Woodward, B. W., E. J. Pollack, and R. L. Quaas. 1992. Parameter 

estimation for carcass traits including growth information of 

Simmental beef cattle using restricted maximum likelihood with a 

multiple-trait model. J. Anim. Sci. 70:1098. 



195 

Zinn, D. W., R. M. Durham, and H. B. Hedrick. 1970. Feedlot and carcass 

grade characteristics of steers and heifers as influenced by days on 

feed. J. Anim. Sci. 31:302. 



196 

ACKNOWLEDGEMENTS 

There are so many people and organizations that deserve some 

acknowledgement for this work that I will mention a few and simply offer 

a general thank you to all others who have had some involvement or 

influence. 

A special thanks to The American Angus Association and the American 

Simmental Association for their funding of this work. This project would 

not have been possible without the commitment, support and assistance of 

cooperator herds and university farm crews. To the Jim Bradford and 

Nichols Farms organizations we owe many thanks for providing cattle, 

facilities, labor and endless support of our entire program. Also, a 

special thanks to Steve Bryce, Denny Maxwell and the entire crew at both 

Rhodes and McNay Research Centers for their cooperation and assistance. 

For their assistance in the slaughter and carcass data collection we owe 

many thanks to Phil Core and his crew at Monfort of Des Moines, also 

Steve Pearson, Jim Bevers and others at Caldwell Packing Company. 

I obviously owe a great deal to my graduate committee, in particular 

Gene Rouse, Doyle Wilson, and Richard Will ham. Your flexibility and 

understanding of my personal interests and ambitions (even if they were 

very different than yours) is very much appreciated. I have a great deal 

of respect for each of you and feel fortunate to have been a part of your 

program but more importantly I am very fortunate to have each of you as a 

friend. The three of you provided the base of a great education for me 



197 

and most importantly you allowed me to pursue my interests and fulfill my 

dreams even when they may have conflicted with the norm. Thank you. 

I am sure that there are many who believe that graduate school was 

simply a by-product of my time as a Judging Team Coach and to some degree 

they may be right. To each of those I coached, I owe a big thanks. You 

people and that program mean more to me and are likely more responsible 

for my personal success than words can describe. The thrill and pride of 

being associated with three National Champion Teams is impossible to 

describe or replicate and for that I thank all who assisted and supported 

the program. 

There are several special friends who also deserve special mention. 

Mark Core, Charlie Peters, Jim McMillian, Chris Skaggs, and Mark and 

Tracey Finch, I could have never made it through all this without your 

friendship, advice, humor and support. Each of you are very special to 

me, thanks for everything. Another extra special thanks goes to one of 

my closest friends, A1 Christian. Whether it was judging, personal, or 

school you were always there with advice and encouragement. I wouldn't 

trade all the hours with you for anything in the world. Your enthusiasm, 

attitude about life and caring but competitive nature have made a huge 

impact on my life. I owe you more than I could ever return. Al, you are 

truly a hero to me, thanks so much for everything you have done for me. 

Finally, and most importantly, I want to thank my entire family. I 

am very fortunate to have the two most supportive and caring parents on 

earth. You have been not only with me but behind me in everything I've 

done, for that I thank you. Mostly thanks for the way you brought me up, 



198 

you two are without question the two most influential and important 

people in my life and are without a doubt the single biggest contributors 

to my accomplishments. 


