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Bergen, R., Miller, S. P. and Wilton, J. W. 2005. Genetic correlations among indicator traits for carcass composition mea-
sured in yearling beef bulls and finished feedlot steers. Can. J. Anim. Sci. 85: 463-473. Genetic correlations were examined
among 10 live growth and ultrasound traits measured in yearling beef bulls (n = 2172) and four carcass traits measured in cross-
bred finished feedlot steers (n = 1031). Heritabilities ranged from 0.13 (bull ultrasound longissimus muscle width) to 0.83 (year-
ling bull hip height). Genetic correlations indicated that selecting yearling bulls for increased growth rate and hip height would
lead to higher carcass weight, increased longissimus muscle area and reduced levels of carcass marbling in steers. Bull ultrasound
fat depth was positively associated with both carcass fat depth and marbling score. Most ultrasound longissimus muscle size mea-
surements in bulls were positively associated with each other and with carcass longissimus muscle area in steers, but the magni-
tude of the genetic correlation with carcass measurements depended on the bull longissimus muscle size trait in question. This
suggests that longissimus muscle shape in bulls may be related to carcass weight, fat and muscle traits in steers. Results confirm
that while ultrasound is a valuable tool for the genetic improvement of carcass traits in beef cattle, genetic correlations between
live bull ultrasound and steer carcass traits less then unity suggest that selection would benefit from multiple trait evaluations in
situations where reliable carcass data are available.
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Bergen, R., Miller, S. P. et Wilton, J. W. 2005. Corrélation génétique entre les parametres de la composition de la carcasse
mesurés chez les veaux de boucherie d’un an et les bouvillons engraissés en parquet. Can. J. Anim. Sci. 85: 463—473. Les auteurs
ont examiné les corrélations génétiques entre 10 parametres mesurés en vif ou aux ultrasons chez les veaux de boucherie d’un an
(n =2 172) et quatre parametres mesurés sur la carcasse de bouvillons hybrides engraissés en parquet (n = 1 031). L héritabilité des
parametres varie de 0,13 (épaisseur du longissimus des bovins établie aux ultrasons) a 0,83 (taille des veaux d’un an aux hanches).
Les corrélations génétiques indiquent qu’en sélectionnant les bouvillons d’un an d’apres un taux de croissance plus rapide et la hau-
teur aux hanches, on obtiendrait des carcasses plus lourdes, un longissimus d’une plus grande superficie et de la viande moins persil-
lée. L’épaisseur du gras des bovins mesurée aux ultrasons présente une corrélation positive avec 1’épaisseur du gras de la carcasse et
le persillé. La plupart des mesures du longissimus obtenues aux ultrasons chez les bovins sont positivement corrélées les unes aux
autres ainsi qu’avec la superficie de ce muscle dans la carcasse des bouvillons, mais I'importance de la corrélation génétique avec les
mesures de la carcasse dépend du parametre concerné des dimensions du longissimus chez I’animal adulte. On en déduit que la forme
du muscle chez les bovins adultes pourrait dépendre de caracteres régissant le poids de la carcasse, le gras et les muscles chez les bou-
villons. Les résultats confirment que si 1’analyse aux ultrasons a son utilité pour parvenir a une amélioration génétique des parametres
de la carcasse chez les bovins de boucherie, quand les corrélations génétiques entre les mesures prises sur I’animal vivant aux ultra-
sons et les parametres de la carcasse des bouvillons ont une valeur inférieure a 1'unité, la sélection profiterait d’une évaluation multi-
factorielle dans I’éventualité ot on possede des données fiables sur la carcasse.
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Previous research has shown that ultrasonic 12/13th rib fat
depth and longissimus muscle area measurements are valu-
able predictors of carcass composition (Herring et al. 1994;
Bergen et al. 1996; Williams et al. 1997; Realini et al. 2001;
Greiner et al. 2003). These traits are heritable and are posi-
tively genetically correlated with the corresponding carcass
traits (Moser et al. 1998; Crews and Kemp 2001, 2002;
Devitt and Wilton 2001 and Crews et al. 2003), suggesting
that selection based on ultrasonic fat depth and longissimus
muscle area should be reflected in changes in the carcass
composition of commercial progeny.

Recent research suggests that longissimus muscle depth and
width measurements may be as valuable as traced longissimus
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muscle area as predictors of carcass composition (Bergen et al.
2003, 2005). Estimates of carcass composition in yearling
bulls may also benefit from live measurements of frame size
and intramuscular fat percentage (Bergen et al. 2005).
However, the genetic correlations between these alternative
live measurements collected in yearling bulls with carcass
measurements collected in commercial steer progeny have not
been reported. This information would be useful in further
assessing the potential value of linear ultrasonic longissimus
muscle measurements to seedstock evaluation programs and in

Abbreviations: EPD, expected progeny difference; h2,
heritability; Iy, genetic correlation.
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developing approaches to optimally combine live seedstock
and carcass data in an economic selection index.

The objective of this study was to determine the heritabili-
ties of and genetic correlations among growth and ultrasound
measurements collected in yearling beef bulls with carcass
measurements collected from finished feedlot steers.

MATERIALS AND METHODS

Animals and Data

Growth and ultrasound data from yearling beef bulls and car-
cass data from finished crossbred feedlot steers were used in
this study. Young beef bulls (n = 2172) were born between
1993 and 2002 in private seedstock herds and evaluated in post-
weaning growth test and feed efficiency stations operated by
Beef Improvement Ontario’s Bull Evaluation Program. While
bulls entering the test stations may have been pre-selected
based on pre-weaning gain, an earlier study concluded that any
bias resulting from this potential pre-selection was of minor
importance (Schenkel et al. 2004a). There were 615 pre-wean-
ing contemporary groups (herd of origin X year) containing up
to 25 bulls; 26% of observations were from pre-weaning con-
temporary groups containing at least 10 bulls. Because of these
small groups, pre-weaning herd of origin effects would not be
well estimated as a fixed effect. Consequently, pre-weaning
herd of origin was fitted as a random effect in the genetic mod-
els for bull traits described below. Treating small contemporary
groups as a random effect increases the effective number of
progeny through the use of interclass information from rela-
tives in other contemporary groups (Van Vleck 1987).
Simulation study models using random contemporary groups
produced estimated breeding values with higher accuracy,
lower bias, and lower mean squared error than models with
fixed contemporary groups, except when the best sires were
represented in the worst contemporary groups (Visscher and
Goddard 1993) or when unrealistically extreme preferential
treatment was applied to progeny of superior sires (Oikawa and
Sato 1997). Treating pre-weaning herd of origin as a random
effect also allowed us to determine the effect of pre-weaning
herd of origin on the phenotypic variance of yearling bull traits,
which can be substantial for growth traits and longissimus mus-
cle area (Schenkel et al. 2004b). There were 35 post-weaning
contemporary groups (test station X year X start of test date), all
of which contained at least 15 bulls. Schenkel et al. (2004b)
described eligibility requirements, nutritional management and
data collection protocols at the central test stations. Bulls had to
be over 181 kg and under 291 d of age to enter a test station.
Age range within a test group was restricted to 90 d. Following
a 28-d adjustment period, bulls were fed a diet containing (dry
matter basis) 15.0 to 15.8% crude protein, 64.1 to 66.8% total
digestible nutrients and 9.7 to 10.1 MJ kg~ metabolizable ener-
gy for 140 (until 1995) or 112 d (after 1995). End of test
weight, total post-weaning gain (end — start weight), hip height
and ultrasound measurements were collected near 365 d of age.
Ultrasonic 12/13th rib fat depth, longissimus muscle area and
Method 1 and 2 longissimus muscle depth and width
[described and illustrated in Bergen et al. (2003)] were mea-
sured from ultrasound images archived by Beef Improvement
Ontario. In some cases, archived images could not be located

or recovered, resulting in 1488 ultrasound fat depth and longis-
simus size records. Ultrasound intramuscular fat estimates
(Beef Quality Objective Measurement software; Critical
Visions Incorporated, Atlanta, GA) were available for 1308
bulls tested from 1996 onwards. Animal management proto-
cols were either approved by the University of Guelph Animal
Care committee following Canadian Council on Animal Care
(1993) guidelines or followed standard commercial bull test
station management procedures established and supervised by
Beef Improvement Ontario. Sire and dam breed compositions
were used to calculate the breed composition and expected het-
erozygosity of each bull. Approximately 77% of bulls were
fullblood (100% of breed composition contributed by a single
breed), 16% were purebred (87.5 to 100% of breed composi-
tion contributed by a single breed) and 7% were crossbred (<
87.5% of breed composition contributed by a single breed).
The main breeds represented in the present study were Angus,
Charolais, Hereford, Simmental, Limousin, Blonde
d’ Aquitaine and Gelbvieh; no other breed accounted for more
than 12.5% of the total breed composition of any bull.

Steers (n = 1031) were born between 1996 and 2002 as part
of a long-term breeding project conducted by the University of
Guelph at the Elora Beef Research Center, New Liskeard
Agricultural Research Station and Agriculture and Agri-Food
Canada’s Kapuskasing Research Station. There were 39 pre-
weaning contemporary groups (farm of birth X year of birth x
season of birth) ranging in size from 7 to 53 steers. Over 96%
of observations were from pre-weaning contemporary groups
containing at least 10 steers, allowing steer pre-weaning con-
temporary group to be fitted as a fixed effect in subsequent
genetic models. All steers were fed from weaning to harvest at
the University of Guelph’s Elora Beef Research Center. Steers
were grouped into 62 post-weaning contemporary groups
(experimental treatment X year of slaughter X season of slaugh-
ter) containing 5 to 58 head; 89% of observations were from
post-weaning contemporary groups containing at least 10
steers. Many of the experimental treatments were comparisons
of corn varieties or dietary energy levels. Consequently, steers
were also classified into two “feedlot regime” groups according
to whether they were fed a high grain diet from weaning to
slaughter (n = 499) or were backgrounded on forage or limit fed
grain diets prior to high grain finishing (n = 532). Steers were
harvested at a federally inspected abattoir, and carcass weight,
grade fat depth, traced longissimus muscle area and visual car-
cass marbling score were recorded for all steers. Experimental
procedures were approved by the University of Guelph’s
Animal Care Committee and followed guidelines established
by the Canadian Council on Animal Care (1993). Sire and dam
breed compositions were used to calculate the breed composi-
tion and expected heterozygosity of each steer. All steers were
crossbred, with predominantly Angus, Simmental and
Charolais breeding. Simple statistics for live yearling bull
growth and ultrasound traits and feedlot steer carcass traits are
shown in Table 1.

Analyses

The degree of genetic connectedness was estimated by cal-
culating the total number of direct genetic links (due to com-
mon sires and dams) between bull and steer post-weaning
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groups (Roso et al. 2004). Subsequent genetic analyses were
conducted in ASREML (Gilmour et al. 2000). Measurement
at scan or slaughter age was used as a covariate in all animal
models. Since Beef Improvement Ontario’s Bull Evaluation
Program controls both minimum start of test age and allow-
able age range in a given test group, scan age was regressed
across post-weaning bull contemporary groups. However,
since nutritional management (feedlot regime) affects
slaughter age through its influence on rates of weight, fat
and muscle deposition (Vaage et al. 1999; Block et al.
2001), adjusting all steers to a common slaughter age across
feedlot regimes may be inappropriate. Consequently,
slaughter age was regressed within feedlot regime for all
steer traits. Breed effects were estimated by regressing the
dependent variable on the percentage of total breed compo-
sition contributed by each breed.

The pedigree file used for all analyses contained 10 068
animals, and animals with records had an average of 4.1
recorded ancestors. Pair-wise analyses were performed
between all traits to estimate (co)variance components and
effects of age, contemporary group, feedlot regime, breed
and expected heterozygosity using the following models:
pairwise analyses between traits measured in bulls:

YBull, | [XBun, 0 |'bgun
Yeui, | | O Xpun, | PBun,
[Zgun, 0 | apumy
+

| 0 Zgun, | 2Bun,

. Waun, 0 Jhgy, | €Bull
0 Wgyy, [ hpur, | |€Bun,

pairwise analyses between traits measured in steers:
YSteer; | XSteerl 0 bsteer|
YSteer, 0 XSteer2 bSteerz
ZSteer2 0 AGteer] €Steery
+ +
0 ZSteer2 aSteerz eSteerz

pairwise analyses between traits measured in bulls with
traits measured in steers:

Yul, | [ XBun, 0 | bgyy,
Ysteer, L 0 XSteer2 bSteerl
[ Zguy, 0 | apun,
+

0 ZSteer2 ASteer,

N Waal, O:||:hBulll:|+ eBull,
L 0 0 0 eSteer2

where y is a vector of measurements for the traits, X is a
known incidence matrix of fixed classification and covariate
effects influencing bull and steer traits, b is a vector of fixed
classification and covariate effects influencing bull (post-
weaning contemporary group effect, and regressions on
breed, expected breed heterozygosity, and scan age) and steer
(pre- and post-weaning contemporary group and feedlot
regime effects, and regressions on breed, expected breed het-
erozygosity, and slaughter age within feedlot regime) traits, Z
is a known incidence matrix of animals with observations for
the traits, a is a random vector of unknown animal additive
genetic effects for the traits, W is a known incidence matrix
of pre-weaning contemporary group effects for bull traits, h is
a random vector of unknown pre-weaning contemporary
group effects for bull traits, and e is a random vector of
unknown residual effects affecting the traits.

The expected mean of random effects was assumed to be
zero, with (co)variance matrices

2
a] Ac“a; Aoca
Var| = ! 212
ay AGalz Ao :5)
where A is the numerator relationship matrix,czal is the
additive genetic variance of trait 1, 62a2 is the additive

genetic variance of trait 2, and ©a , is the additive genetic
covariance between traits 1 and 2,

hi] [16%h; Ich
Var| | |= oM 62 12
h2 IGhlz Io h2
where I is an identity matrix of order equal to the number of
pre-weaning herd of origin bull contemporary groups, Gzh]
is the herd of origin variance of bull trait 1, 62h2 is the herd

of origin variance of bull trait 2, and 64, is the herd of ori-
gin covariance between bull traits 1 and 2,

Var(e) = {

1(5261 1(5612
10612 16262

where I is an identity matrix of order equal to the number of
observations, 6%, is the residual variance of trait 1, 6%, is
the residual variance of trait 2, and Ge, is the residual
covariance between traits 1 and 2 measured the same gender
of animal. Since live bull and steer carcass data were not
available for the same animal, bivariate models involving
both bull and steer traits assumed

2
Var(e) = {IG °1 (2) }

0 Io €y
After accounting for the fixed breed effect in the animal
model, homogeneous genetic, herd of origin and residual
(co)variance was assumed across all breeds, and all
unknown sires and dams were assumed to originate from the
same non-inbred base population regardless of breed.
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Table 1. Summary statistics for traits measured in live yearling beef bulls and finished feedlot steers

Standard Coefficient
Trait Number of records Mean deviation Minimum Maximum of variation
Live yearling bull growth and ultrasound traits
Scan age (d) 2172 375 28 285 448 7.5
Yearling weight (kg) 2105 561.2 62.8 336.4 785.4 11.2
Post-weaning gain (kg) 2105 2174 32.6 112.1 3253 15.0
Hip height (cm) 2109 116.4 4.1 100.3 132.3 35
Subcutaneous fat depth (mm) 1488 4.8 2.5 0 18.4 52.8
Intramuscular fat content (%) 1308 3.42 0.97 1.02 8.22 28.4
Longissimus muscle area (cm?) 1488 94.0 10.6 56.2 125.8 11.3
Method 1 longissimus muscle depth” (mm) 1488 70.4 6.5 49.3 95.3 9.2
Method 1 longissimus muscle width* (mm) 1488 157.9 7.6 115.1 178.1 4.8
Method 2 longissimus muscle depth” (mm) 1488 81.1 6.7 61.1 102.4 8.3
Method 2 longissimus muscle width* (mm) 1488 116.8 7.9 87.6 141.5 6.8
Finished feedlot steer carcass traits
Slaughter age (d) 1031 453 74.4 292 758 16.4
Hot carcass weight (kg) 1031 349.5 585 207 583 16.7
Grade fat depth (mm) 1029 8.8 2.1 1 18 24.1
Longissimus muscle area (cm?) 1027 87.0 12.9 43.2 138.2 14.8
Visual marbling score¥ 1023 5.1 0.7 3 7.5 13.7

“Described and illustrated in Bergen et al. (2003).

¥< 3.0 = devoid, 3.1 to 4.0 = traces, 4.1 to 5.9 = slight, 6.0 to 7.0 = small to moderate, > 7.0 = slightly abundant to abundant.

For summary purposes, heterosis and breed effects as
well as phenotypic, additive genetic and pre-weaning bull
contemporary group variances were calculated as the aver-
age solution from the 13 pair-wise analyses performed for
each trait. Breed effects were expressed relative to the
Charolais breed, which was constrained to zero.

RESULTS AND DISCUSSION

Genetic Connectedness

Direct genetic ties (i.e., through common sires or dams) con-
nected all bull and steer post-weaning contemporary groups;
no post-weaning contemporary group was genetically iso-
lated. Each bull post-weaning contemporary group had an
average of 356 (ranging from 44 to 888) direct genetic ties
to bulls or steers in other contemporary groups. Each steer
post-weaning contemporary group had over 300 direct
genetic ties to bulls or steers in other contemporary groups.
The steers were the progeny of 76 sires, 47 of which had
their own ultrasound records or at least three intact male
progeny with ultrasound records.

Pre-weaning Herd of Origin, Feedlot Regime,
Heterosis and Breed Solutions
Pre-weaning bull contemporary group accounted for less
than 10% of the phenotypic variation for most traits, with
the exception of yearling weight (Table 2). Consequently,
while results obtained for yearling weight in the present
study are shown, they will not be discussed in detail.
Schenkel et al. (2004b) reported similar results suggesting
that pre-test herd of origin effects continue to influence
yearling bull performance at the end of a 112 or 140 d post-
weaning growth evaluation period in centralized bull test
stations using an initial 28 d warm-up period.

Slaughter age varied between the different feedlot regimes.
Steers fed high grain diets from weaning were slaughtered at

426 + 62 d of age, while steers backgrounded prior to high
grain finishing were slaughtered at 478 + 76 d. The magnitude
of the slaughter age adjustment also varied between feedlot
regimes (Table 3). Carcass weight increased at a greater rate
(P < 0.10) in calves that were backgrounded prior to high
grain finishing than in calves fed a high grain diet from wean-
ing until slaughter. The opposite trend applied to marbling
score (P < 0.05). Other studies have shown higher rates of
gain. Vaage et al. (1998) reported that high grain fed (vs.
backgrounded) steers had average daily growth rates of 1.62
(vs. 1.03) kg liveweight, 0.04 (vs. 0.02) mm 12/13th rib ultra-
sound fat depth, and 0.22 (vs. 0.11) cm? longissimus muscle
area over the entire weaning to slaughter feeding period.
However, figures indicated that diet differences became very
slight late in the feeding period (Vaage et al. 1999). Block et
al. (2001) reported that steers backgrounded for 70 (vs. 126)
d averaged daily growth rates of 1.82 (vs. 1.90) kg liveweight,
0.06 (vs. 0.07) mm for 12/13th rib ultrasound fat depth, and
0.23 (vs. 0.15) cm? for 12/13th rib ultrasound longissimus
muscle area during the finishing period. The general effects of
backgrounding vs. high grain finishing on performance late in
the feeding period appear to be in agreement among these
studies. It must also be noted that the age adjustment factors
obtained in the present study were calculated based only on a
regression of carcass measurements on slaughter age rather
than repeated ultrasound measurements over time, and do not
reflect overall growth during the entire feeding period.

In general, heterosis was higher for size traits than for
ultrasound and carcass traits. Heterosis estimates expressed
as a percentage of the phenotypic mean ranged from 0.19%
(yearling bull ultrasound Method 1 longissimus muscle
width) to 5.62% (yearling bull post-weaning gain; Table 3).
However, heterosis estimates were significant (P < 0.05)
only for live bull and steer carcass weight traits and for live
yearling bull ultrasound Method 2 longissimus muscle depth
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Table 2. Estimates” of phenotypic variance, pre-weaning contemporary group by phenotypic variance ratio and heritabilities ( + standard error) for
traits evaluated in live yearling beef bulls and finished feedlot steers on an age-constant basis

Pre-weaning contemporary

Phenotypic variance group by phenotypic variance ratio Heritability
Live yearling bull growth and ultrasound traits
Yearling weight 2050.77 = 74.79 0.21 +0.03 0.50 + 0.07
Post-weaning gain 593.18 +20.08 0.08 = 0.02 0.47 £0.07
Hip height 11.14 +0.39 0.09 +0.02 0.83 +0.07
Subcutaneous fat depth 3.14£0.13 0.12 £ 0.03 0.31 £0.08
Intramuscular fat content 0.50 £ 0.02 0.07 = 0.03 0.29 = 0.09
Longissimus muscle area 68.37 £2.70 0.08 = 0.02 0.36 = 0.08
Method 1 longissimus muscle depth¥ 28.90 = 1.12 0.06 £ 0.02 0.31 £0.08
Method 1 longissimus muscle widthY 33.76 £ 1.29 0.02 +£0.02 0.25 £0.08
Method 2 longissimus muscle depth¥ 33.64 = 1.30 0.07 £ 0.03 0.25 £ 0.08
Method 2 longissimus muscle widthY 41.99 + 1.57 0.01 £0.02 0.13 £0.07
Finished feedlot steer carcass traits
Hot carcass weight 1014.54 + 56.67 0.58 £ 0.10
Grade fat depth 3.62+0.18 0.23 £0.08
Longissimus muscle area 88.47 £ 4.50 0.35 £ 0.09
Marbling score* 0.34 £ 0.02 0.43 +£0.09

“Results represent the average solution from all bivariate models involving the trait in question.

YDescribed and illustrated in Bergen et al. (2003).

¥< 3.0 = devoid, 3.1 to 4.0 = traces, 4.1 to 5.9 = slight, 6.0 to 7.0 = small to moderate, > 7.0 = slightly abundant to abundant.

and steer carcass longissimus muscle area (P < 0.10). Given
the low numbers of crossbred bulls included in the present
study, the heterosis estimates calculated for bull traits
should be viewed with caution. Of the traits measured in this
study, Marshall (1994) reported average heterosis estimates
(calculated from literature values) ranging from 3.8% (mar-
bling score) to 10.1% (carcass fat depth).

Breed solutions followed expected trends (Table 3).
Charolais and Simmental bulls were larger than all other
breeds. Ultrasound subcutaneous fat depth and intramuscu-
lar fat levels were higher for Angus and Hereford, interme-
diate for Charolais, Simmental and Gelbvieh, and lowest for
Limousin and Blonde d’Aquitaine bulls. The opposite trend
was observed for ultrasound longissimus muscle size traits
(Table 3). Schenkel et al. (2004b) reported similar results in
a larger data set. Continental (Charolais, Simmental,
Limousin, Blonde d’Aquitaine and Gelbvieh) steers had
heavier carcasses with less fat depth and greater longissimus
muscle area than British (Angus and Hereford) steers (Table
3). Angus steers had higher carcass marbling scores than
other breeds. These results agree with literature estimates
(Marshall 1994; Wheeler et al. 2004, 2005).

Genetic Parameters
Live Bull Growth and Ultrasound Traits
The heritability of post-weaning gain in the present study
(h? = 0.47) compared well with values of 0.46 and 0.35
reported by Devitt and Wilton (2001) and Schenkel et al.
(2004b), respectively. The high heritability of hip height
obtained in the present study (k%> = 0.83; Table 3) was in
general agreement with previous studies of yearling beef
bulls (42 = 0.55; Schenkel et al. 2004b) and beef cows (h* =
0.68; Arango et al. 2002).

The heritability of 0.31 obtained for ultrasound fat depth in
the present study (Table 3) agreed with recent estimates,
which range from 0.11 (Moser et al. 1998) to 0.53 (Crews et

al. 2003). Similarly, the heritability estimate for ultrasound
intramuscular fat percentage (0.29) found in the present study
agreed with literature values obtained using the same image
interpretation software. Devitt and Wilton (2001), Crews et
al. (2003) and Schenkel et al. (2004b) obtained respective
heritability estimates of 0.23, 0.47, and 0.14 for this trait.
The heritability of ultrasound longissimus muscle area
obtained in the present study (4% = 0.36) was similar to pub-
lished heritability estimates for this trait, which range from
0.37 (Crews et al. 2003) to 0.61 (Crews and Kemp 2001).
Recent reports suggest that longissimus muscle depth and
width measurements may predict carcass lean meat yield as
effectively as traced longissimus muscle area (Bergen et al.
2003, 2005). However, the genetic parameters of these lin-
ear longissimus muscle size measurements have not been
studied previously in beef cattle. The heritabilities of longis-
simus muscle Method 1 depth and width and Method 2
longissimus muscle depth (k> = 0.31, 0.25 and 0.25, respec-
tively) are similar to that of longissimus muscle area, sug-
gesting that selection for any of these longissimus muscle
size traits should be effective. However, Method 2 longis-
simus muscle width appears to be less heritable (k% = 0.13)
than other longissimus muscle measurements and would
respond less quickly to selection. Obtaining accurate longis-
simus muscle width measurements may be somewhat more
problematic than for depth measurements, and this would
negatively impact heritability estimates. Longissimus mus-
cle width measurements are based on muscle interfaces that
are parallel with the direction of travel of the ultrasound
wave. In contrast, the muscle boundaries used for depth
measurements are more perpendicular to the ultrasound
wave and therefore produce a stronger echo and sharper
image. Furthermore, obtaining a sufficiently accurate
Method 2 width measurement may be difficult if the exact
boundaries of the “acorn” fat landmark are difficult to dis-
cern. Fernandes et al. (2004) also reported that age-constant
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loin depth was more heritable than loin width in sheep (h? =
0.38 and 0.30, respectively).

Carcass Traits

The heritability estimate obtained for carcass weight in the
present study (h? = 0.58) agreed with recent literature val-
ues, which range from 0.15 to 0.71 (Minick et al. 2004). The
heritability obtained for carcass fat depth (k% = 0.23) in the
present study was similar to other literature estimates which
range from 0.10 (Minick et al. 2004) to 0.46 (Crews and
Kemp 2001, 2002). The heritability of longissimus muscle
area (0.35) in the present study was also similar to literature
estimates, which range from 0.18 to 0.62 (Minick et al.
2004). Similarly, the heritability estimate for carcass mar-
bling score in the present study was 0.43; literature esti-
mates for carcass marbling score range from 0.26 (Minick et
al. 2004) to 0.55 (Crews and Kemp 2001, 2002).

Correlations among Live Bull and Steer Carcass Traits
Correlations among bull pre-weaning herd of origin and
residual effects are shown in Table 4. These results are
shown for completeness, but are not discussed since the pri-
mary focus of the present study pertains to the genetic cor-
relations shown in Table 5.

Positive genetic correlations (P < 0.10) were observed
among growth and size traits in both bulls and steers (Table
5). In the present study, yearling bull weight and hip height
were positively correlated with carcass weight (rg = 0.68
and 0.51, respectively) and carcass longissimus muscle area
(rg = 0.62 and 0.40, respectively) and negatively correlated
with carcass marbling score (r, = —0.58 and —0.42, respec-
tively). Literature estimates For the genetic correlation
between live and carcass weight range from 0.53 (yearling
bull post-weaning average daily gain; Devitt and Wilton
2001) to 0.82 (yearling weight; Crews and Kemp 2001,
2002). Genetic correlations between yearling bull weight,
post-weaning gain and hip height with carcass fat depth in
steers were not significant (P > 0.10) in the present study (rg
= 0.11, -0.15 and 0.20, respectively). Devitt and Wilton
(2001) reported a genetic correlation of —0.40 of between
postweaning average daily gain and carcass fat depth. These
results suggest that selection for increased growth rate and
mature size would lead to increased carcass size and longis-
simus muscle area, reduced marbling score and somewhat
less change in fat depth.

Yearling bull ultrasound 12/13th rib subcutaneous fat depth
was strongly correlated (Table 5) with both steer carcass fat
depth (rg =(.78) and steer carcass marbling score (r, = 0.73).
Previous studies have shown that live ultrasound fat depth in
bulls has a positive genetic correlation with age-constant car-
cass fat depth in slaughter progeny (estimates range from ry=
0.23 (Crews and Kemp 2001, 2002) to Ty = 0.88 (Devitt and
Wilton 2001)]. The genetic relationship between bull ultra-
sound fat depth with steer carcass marbling score is less well
established; estimates range from —0.27 (Crews and Kemp
2002) to 0.54 (Devitt and Wilton 2001). Ultrasound estimates
of intramuscular fat content obtained from yearling bulls had
a non-significant (P > 0.10) positive correlation with steer

carcass fat depth (r, = 0.49) in the present study; Devitt and
Wilton (2001) obtained a value of 0.08. The bivariate analy-
sis between ultrasound intramuscular fat percentage and car-
cass marbling score failed to converge in the present study.
There are several possible reasons for this unexpected result.
First, ultrasound intramuscular fat percentage data were avail-
able for 2 fewer years than the other growth and ultrasound
traits, so there may have been insufficient data (1308 bull
ultrasound intramuscular fat percentage records and 1023
steer carcass marbling records) to estimate the correlation.
This explanation is unlikely since other bivariate models
involving either ultrasound intramuscular fat or carcass mar-
bling score did converge. Second, likelihood response surface
may have been relatively flat with a correlation so close to the
edge of the allowable parameter space (i.e., 1.00) that it could
not be reliably estimated. Literature estimates for the genetic
correlation between live ultrasound intramuscular fat percent-
age and carcass marbling score range from 0.74 [Crews et al.
(2003) using 3389 bull ultrasound intramuscular fat percent-
age records and 7254 carcass marbling records] to 0.80
[Devitt and Wilton (2001) using 3450 bull ultrasound intra-
muscular fat percentage records and 843 steer carcass mar-
bling records]. The convergence problem encountered in the
present study was not investigated further, as the primary
intention of this research was to examine indicator traits for
carcass composition rather than carcass quality. Regardless,
accumulating evidence suggests that while intensive selection
for reduced fat depth in yearling bulls will reduce carcass fat
trim, it may also reduce marbling score. Conversely, selection
solely for increased ultrasound intramuscular fat percentage
in yearling bulls may lead to increases in both carcass mar-
bling and subcutaneous fat depth in commercial cattle. This
finding underscores the potential challenge associated with
divergent selection for improved beef carcass composition
and quality traits.

Correlations among longissimus muscle size traits were
mostly positive but ranged considerably in magnitude. The
genetic correlation between live ultrasound and carcass
longissimus muscle area (r, = 0.59) obtained in the present
study was slightly lower ﬁum literature estimates, which
range from 0.66 (Moser et al. 1998; Devitt and Wilton 2001)
to 0.80 (Crews et al. 2003). Linear longissimus muscle
Method 1 depth and width were positively correlated with
steer carcass longissimus muscle area (r, = 0.68 and 1.00,
respectively) and bull ultrasound longissimus muscle area
(r, = 0.91 and 0.81, respectively). Longissimus muscle

ethod 2 depth was positively correlated with bull ultra-
sound longissimus muscle area (r, = 0.80) but was not cor-
related with steer carcass longissimus muscle area (-0.17; P
> 0.10). Method 2 longissimus muscle width had a weaker
correlation with ultrasound longissimus muscle area (r =
0.31; P > 0.10), and bivariate models involving this trait
with carcass longissimus muscle area and marbling score
failed to converge. This may have been due to insufficient
data, given the low heritability of the ultrasound trait.

Significant negative correlations were observed between
ultrasound longissimus muscle area and Method 1 width mea-
surements with ultrasound intramuscular fat measurements
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2 collected in yearling bulls (r, =—0.49 and —0.79, respectively).

3 < Method 1 ultrasound longissimus muscle Method 1 width was
8 also negatively correlated (P < 0.10) with carcass marbling

o z scores from finished steers (r, = —0.84). These genetic corre-

= lations suggest that the impact of selection for increased car-

5 o cass lean content on carcass quality may depend on the
2z longissimus muscle trait used. Closer examination of the

genetic correlations raises additional possibilities in this

293 regard. It was initially anticipated that the various ultrasound

% HaH longissimus muscle size measurements would have strong,
g9 9 positive genetic correlations with each other, and would have

similar genetic correlations with carcass traits. This expecta-

selection for increased ultrasound longissimus Method 1 depth
may lead to similar changes in marbling score (r, =-0.30; P >
0.10), slightly greater changes in carcass fat depﬁq (r,=-0.34;
P > 0.10) and longissimus muscle area (r, = 0.68; P < 0.10),
and little or no change in carcass weight (rg =0.01; P> 0.10).
Differences in the genetic correlation between carcass mar-
bling score and longissimus muscle area (—0.30) vs. Method 1
longissimus muscle width (—0.84) hint that longissimus mus-
cle shape (i.e., depth and width) may be as important as longis-
simus muscle area. Fernandes et al. (2004) reported that while
fat depth was negatively associated with ultrasound loin mus-
cle depth (r, = —0.17), it was positively associated with loin
muscle Widt%l (r, = 0.23) in sheep. Genetic correlations among

NC

Trait abbreviation
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§ § g tion was clearly not realized. Results shown in Table 5 suggest
g H Hoo 4 that while selecting yearling bulls for (or against) ultrasound
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I 2 2 2 longissimus muscle depth, width or area should be effective,

oo o e the magnitude and direction of correlated changes in steer car-

22 2 2 cass traits may depend on the ultrasound longissimus muscle
a g b % b size trait in question. For example, results of the present study
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_ 3 c+>I ﬁ and marbling score (rg =-0.11 and -0.30, respectively), tend
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Table 4. Estimates” of age-constant pre-weaning herd of origin (above diagonal) and residual (below diagonal) correlations (+ standard error) among growth and live ultrasound traits eval-
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Genetic correlations among live seedstock ultrasound and
carcass traits have also been studied extensively in Australia
(Reverter et al. 2000). However, the seedstock bulls and
heifers used in the Australian study were considerably older
(approximately 490 d) than the bulls used in the present
study. Differences in physiological maturity between 12 and
16 mo may mean that growth and ultrasound traits evaluat-
ed in Australian and North American seedstock cattle are
not genetically equivalent, and comparing genetic parame-
ters between them may be of questionable value. Crews and
Kemp (2001) found that growth and ultrasound measure-
ments collected at 12 and 14 mo were highly genetically
correlated (0.95 for both ultrasound 12/13th rib fat depth
and longissimus muscle area and 0.98 for liveweight).
Whether this can be extrapolated to 16 mo may depend on
the breed types and nutritional management of the cattle in
question. However, comparisons of live ultrasound and car-
cass traits between North American and Australian are fur-
ther compounded by the fact that carcass traits are
commonly evaluated on a carcass weight constant basis in
Australia, and on a slaughter age constant basis in North
America. This raises the question of how alternative slaugh-
ter endpoint adjustments may impact genetic evaluations for
carcass traits. This will be the subject of future research.

CONCLUSIONS

Live growth and ultrasound measurements collected in year-
ling bulls are genetically related to the corresponding car-
cass measurements adjusted to a constant slaughter age. The
findings of this study provide further evidence of the poten-
tial value of ultrasound technology in beef cattle breeding
programs, and suggest that longissimus muscle shape may
have important correlations with steer carcass yield and
quality grade. More importantly, these findings provide the
basis for further studies to quantify the impact of ultra-
sound-based selection on carcass lean content at commer-
cially relevant slaughter endpoints.
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