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Summary

Simultaneous selection for improved female traits and terminal traits is not only
cumbersome given the numerous traits that must be contemplated but could be
counterproductive if antagonistic relationships exist. Genetic parameter estimates
between growth, carcass, and female reproductive traits in a composite beef cattle
population were estimated to determine the extent of genetic relationships between
traits and to identify potential genetic antagonisms. The most notable genetic
correlations were the negative estimates between calving ease direct and maternal,
calving ease maternal and calving interval, ultrasonic 12th rib fat and stayability, and
between stayability and ribeye area.
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Introduction

More than one trait impacts the overall profitability of any beef cattle enterprise.
This is particularly true when the enterprise has more than one profit center. For
example, when the same enterprise retains replacement females and also feeds
animals for slaughter, the list of economically relevant traits that are germane to such
a beef enterprise is quite long. The problem is further complicated if, in the same
herd, bulls are produced and selected based on growth performance and carcass merit
and females are selected based on maternal characteristics. In this scenario, sub-
breeding objectives are pitted against each other. Although an economic selection
index approach (Hazel, 1943) would be ideally suited to alleviate the cumbersome
nature of multi-trait selection and would help guide selection decision towards that
which is most economical, the genetic relationships between all potential goal and
index traits must first be obtained. Despite the plethora of genetic parameter
estimation papers available in the literature (e.g., Koots et al., 1994) there is a relative
paucity of genetic parameters for both terminal and maternal traits originating from
the same population. Having such estimates would be ideal to parameterize economic
selection indices particularly when the enterprise/organization may not have all traits
recorded themselves and thus cannot rely on their own data to estimate the needed
parameters. Consequently, the objective of the current study was to estimate genetic
parameters for growth, fertility, and carcass traits in a composite beef cattle
population.

Materials and Methods
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Population and Data Description
Data were obtained from a beef enterprise located in the sand hills of Nebraska that
maintained both seedstock and commercial herds. Animals used were born between
1998 and 2011. The only external germplasm that entered the herd was though
Artificial Insemination (AI) in the seedstock herd. Although the choice of breeds has
fluctuated since the inception of the herd, at the time of this analysis the desired breed
composition was 50% Angus (black or red), 25% Simmental, and 25% of either Red
Poll or South Devon. Natural service sires were produced in the seedstock herd and
were performance tested by measuring weight gain and ultrasonically measured 12th

rib fat, ribeye area, and intramuscular fat percentage. Females were ‘promoted’ to
the seedstock herd after successfully reaching their 3rd pregnancy diagnosis without a
previous pregnancy failure, calving difficulty, disposition problem, or the need to
medically treat the cow or any of her calves prior to weaning.

Summary statistics for each trait recorded is detailed in Table 1. Calving ease (scored
on a 1-5 scale) was transformed to a binary score, where 1 was coded as difficult and
2 otherwise. Weaning weight was adjusted to 205 days of age, and calves weaned
outside the range of 205±45 days were discarded. Calving interval was calculated
from consecutive parity dates and observations greater than 500 days were discarded.
Stayability was considered as a binary trait where a 0 was assigned to females who
were unsuccessful in being pregnant at their 3rd pregnancy diagnosis. The final data
set included 89,462 animals that were the product of 36,402 dams and 729 sires. The
pedigree file included 100,337 animals.

Analyses

Genetic parameter estimates were obtained using single and bi-variate animal models
via the MTDFRML package (Boldman et al., 1995). As appropriate, systematic
effects included sex at birth, sex at weaning, parity class, linear and quadratic effects
of age, contemporary group (concatenation of location, year, season of birth), breed
covariates, and global heterosis. Iterations were stopped when the variance of
function values in the simplex was less than the convergence criterion set to1x10-9. To
check for convergence to a local rather than a global maximum, the analyses were
restarted using the resulting estimates of the parameters as new starting values. There
was always at least one restart to check for changes in estimates. If the convergence
criterion was not reached, the estimate was accepted if after three consecutive restarts
the estimates did not change.

Results & Discussion

Univariate parameter estimates are presented in Table 2. Genetic correlations between
growth traits are presented in Table 3. In general, correlations between direct effects
for birth, weaning, and yearling weights are all moderate and positive. Genetics
correlations between direct and maternal effects within the same trait were negative.
The most notable genetic relationships among growth traits is the slightly antagonist
relationship between direct and maternal calving ease (-0.33) and the positive
relationship between maternal calving ease and pelvic area measured at a year of age
(0.35). Genetic correlations between carcass, ultrasound, and female reproductive
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traits are presented in Table 4. Genetic correlations between carcass measures and
their ultrasound proxy were all moderate to strong ranging between 0.45 to 0.73.
Genetic correlations between age at first calving and both carcass and ultrasound
traits were negligible. However, stayability was negatively correlated with 12th rib fat
(rg=-0.46 SE=0.19) as measured by ultrasound yet positively correlated with the
carcass measure of fat (rg=0.63 SE=0.24). Stayability was negatively associated with
ribeye area (both carcass and ultrasound), and positively correlated with marbling.
The genetic association between age at first calving and stayability suggests that
calving earlier in life increases the likelihood of successfully become pregnant for the
3rd parity. Genetic correlations between growth traits and both carcass and female
reproductive traits are presented in Table 5. Most notably, as maternal calving ease
improves, calving interval decreases and the likelihood of a cow successfully
reaching parity 3 increases. The strong genetic correlation between maternal calving
ease and stayability is likely a byproduct of the criteria used to promote females to the
seedstock herd where phenotypic data is collected.

Conclusion

In general, strong antagonism did not exist between female reproductive and carcass
traits. However, moderate genetic relationships between carcass or ultrasound traits
and female reproductive traits were estimated. Moreover, early in life growth traits
were associated with female fertility and longevity confirming the importance of
maternal calving ease for sustained reproductive fitness.
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Table 1. Summary Statistics

Trait n Mean SD CV Min Max

Cow calving ease, 1/2 34,913 1.80 0.40 22.25 1.00 2.00
Birth weight, kg 52,636 36.35 4.51 12.40 22.23 50.35
Adjusted weaning weight, kg 17,823 218.71 34.25 15.66 114.35 326.54

Yearling weight, kg 23,768 266.61 30.76 11.54 153.31 374.21
Hip height, cm 6,172 118.74 6.83 5.75 96.52 139.70
Pelvic area, cm2 2,233 174.34 15.36 8.81 130.00 223.00
Scrotal circumference, cm 1,954 35.35 2.20 6.23 28.50 42.20

Ultrasound rib eye area, cm2 5,338 75.78 11.41 15.06 39.03 109.03
Ultrasound fat thickness, cm 3,231 0.68 0.30 44.39 0.05 1.60
Ultrasound intramuscular fat, % 5,514 3.04 0.82 27.04 0.95 5.99

Carcass rib eye area, cm2 4,546 81.29 9.02 11.10 50.71 116.13
Carcass fat thickness, cm 4,407 1.07 0.54 50.40 0.05 3.15
Marbling score1 4,003 395.41 69.72 17.63 200.00 620.00
Hot carcass weight, kg 4,529 348.35 81.14 10.57 517.00 1,011.00

Age at first calving, d 17,241 749.21 41.52 5.54 623.00 856.00
First calving interval, d 12,557 384.03 14.79 3.85 332.00 427.00
Stayability at parity three, 1/2 16,825 1.34 0.47 35.35 1.00 2.00

Yearling age, d 23,768 373.46 47.06 12.60 231.00 517.00
Slaughter age, d 3,166 443.00 31.41 7.00 329.00 573.00

1Marbling score: 400= Small, 500= Modest



Proceedings of the World Congress on Genetics Applied to Livestock Production,
11.928

Table 2. Variance components and parameter estimate with standard errors (SE) from single trait analyses1

Trait s2a sam s2m s2c s2e s2p h2a SE h2m SE ram SE

Calving ease, 1/2 0.026 -0.007 0.017 0.000 0.108 0.143 0.18 0.02 0.12 0.02 -0.35 0.08
Birth weight, kg 6.49 -0.71 1.55 0.00 9.61 16.93 0.38 0.03 0.09 0.01 -0.22 0.06
Adjusted weaning weight, kg 267.75 -84.69 103.70 64.81 263.78 615.28 0.44 0.05 0.17 0.04 -0.51 0.08
Yearling weight, kg 223.13 39.14 613.28 0.36 0.02

Yearling hip height, cm 7.52 7.67 15.18 0.50 0.06
Yearling pelvic area, cm2 51.54 108.00 159.54 0.32 0.07
Scrotal circumference, cm 2.02 1.87 3.89 0.52 0.08
Ultrasound rib eye area, cm2 19.38 43.03 62.41 0.31 0.04
Ultrasound fat thickness, cm 0.02 0.03 0.05 0.46 0.07
Ultrasound intramuscular fat,%0.180 0.247 0.427 0.42 0.04
Carcass rib eye area, cm2 22.97 44.24 67.21 0.34 0.06
Carcass fat thickness, cm 0.05 0.09 0.139 0.35 0.06
Marbling score2 1,291.86 2,944.28 4236.14 0.30 0.06
Hot carcass weight, kg 279.43 638.41 917.84 0.30 0.06
Age at first calving, d 244.78 365.09 609.87 0.40 0.02
First calving interval, d 1.62 163.54 165.16 0.01 0.02
Stayability at third parity, 1/2 0.008 0.193 0.201 0.04 0.02

1Subscript a, m, and c for additive direct and maternal genetic, and maternal permanent environmental effects; e and
p for residual and total variance; and h2 and r for heritability and correlation coefficient, respectively.

2Marbling score: 400= Small, 500= Modest.
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Table 3. Estimates of heritability on diagonals and genetic correlations above diagonals, and
underneath in italics standard errors, for traits with maternal effects and traits measured at one
year of age.

Trait CED BWD WWD CEM BWM WWM YW YH YP SC

Direct calving ease, CED
.18 -.59 -.31 -.33 .01 -.02 -.17 .00 -.05 -.08
.02 .06 .10 .08 .11 .13 .08 .09 .11 .10

Direct birth weight, BWD
.39 .43 .10 -.23 -.08 .34 .46 .22 .19
.03 .06 .06 .06 .09 .04 .05 .08 .07

Direct weaning weight,WWD
.43 -.06 .08 -.49 .51 .48 -.02 .15
.05 .10 .10 .08 .06 .08 .12 .11

Maternal calving ease, CEM
.12 -.57 .19 .11 .06 .35 .23
.02 .11 .16 .06 .09 .14 .13

Maternal birth weight, BWM
.08 -.13 .25 -.01 .01 -.35
.01 .17 .06 .09 .14 .12

Maternal weaning weight,
WWM

.18 .30 .18 .32 .13

.04 .08 .10 .17 .14

Yearling weight, YW
.37 .61 .17 .04
.02 .05 .10 .08

Yearling hip height, YH
.49 .62 .15
.05 .12 .11

Yearling pelvic area, YP
.32 .10
.07 .14

Scrotal circumference, SC
.52
.08

Table 4. Estimates of heritability on diagonals and genetic correlations above diagonals, and
underneath in italics standard errors, between ultrasound, carcass and female reproductive traits

Trait UR UF IMAR FT MSCWA1 S3

Ultrasound rib eye area, UR
.32 -.04-.03.54 .00 .00 .25 .03 -.10
.04 .12 .09 .10 .12 .13 .12 .08 .22

Ultrasound fat thickness, UF
.47 .16 -.27.73 .12 .34 .09 -.46
.08 .10 .13 .07 .14 .12 .10 .19

Ultrasound intramuscular fat, IM
.43 -.53.38 .45 -.41-.14.00
.04 .09 .09 .09 .11 .07 .19

Carcass rib eye area, AR
.35 -.48-.21.54 .00 -.45
.06 .12 .13 .10 .08 .24

Carcass fat thickness, FT
.39 .15 .18 -.02.63
.06 .14 .13 .09 .24

Marbling score, MS
.30 .29 .01 .36
.06 .13 .09 .25

Hot carcass weight, CW
.32 .09 -.10
.06 .09 .24

Age at first calving, A1
.40 -.34
.02 .12

Stayability to parity three, S3
.06
.02

Table 5. Estimates of genetic correlations between growth traits and carcass, ultrasound,
and female reproduction traits, underneath in italics are standard errors

Trait1 UR UF IM AR FT MS CW A1 CI S3

Direct calving ease -.21 -.01 -.27 .32 -.11 .04 .18 .01 .39 -.05
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.09 .12 .10 .13 .13 .16 .14 .07 .38 .14

Direct birth weight
.20 .00 -.05 .15 -.10 .30 .29 .02 .07 .32
.07 .09 .06 .09 .09 .11 .08 .05 .34 .15

Direct weaning weight
.08 .07 .02 .00 .06 .13 .55 -.11 -.21 .00
.11 .11 .09 .12 .12 .15 .10 .07 .40 .15

Maternal calving ease
-.02 -.23 .22 -.19 .03 .42 .11 .00 -.91 .96
.11 .15 .12 .15 .15 .18 .16 .05 .52 .09

Maternal birth weight
-.07 -.02 .10 .00 .05 -.18 .15 .11 -.38 -.59
.12 .14 .09 .13 .13 .16 .13 .06 .52 .17

Maternal weaning
weight

.30 .00 -.09 .24 .17 -.16 .00 -.13 -.58 .92

.13 .17 .12 .16 .13 .20 .16 .07 .48 .12

Yearling weight
-.05 -.21 .00 .20 -.19 -.02 .37 -.32 -.13 ---
.08 .09 .07 .08 .09 .09 .09 .03 .36 ---

Yearling hip height
-.03 -.12 -.32 .31 -.06 .06 .56 -.13 -.52 .77
.10 .12 .08 .12 .12 .12 .11 .06 .88 .16

Yearling pelvic area
.14 -.26 .04 .26 -.26 .15 .22 -.07 .02 .08
.12 .15 .11 .14 .14 .15 .15 .09 .70 .25

Scrotal circumference
-.03 .03 .03 .09 .05 .12 -.05 .02 .39 .30
.11 .12 .12 .12 .09 .13 .13 .08 .94 .23

1UR, UF, IM, AR, FT, MS, CW, A1, CI, S3 correspond to ultrasound rib eye area,
ultrasound fat thickness, ultrasound intramuscular fat, carcass rib eye area, carcass
fat thickness, marbling score, hot carcass weight, age at first calving, first calving
interval, and stayability to parity three, respectively.


