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Introduction

With the wide-spread use of Expected Progeny Differences (EPDs), the

identification of candidates to become parents has centered primarily on growth as shown

by published genetic trends (AAA, 1998).  Single trait selection for growth traits could

lead to undesirable correlated responses in mature cow size (Bullock et al., 1993; Meyer,

1993) and thus, reproductive inefficiencies (Buttram and Willham, 1989; Fiss and Wilton,

1992).  Although Hazel (1943) outlines an approach to base selection on profit, producers

have not had tools readily available that quantify the economic importance of various traits

or rank bulls based upon the expected differences in progeny profitability.  Therefore, the

objective of the Circle A Sire Alliance was to determine genetic differences in profitability

of progeny from Angus sires in such a manner that those differences could be repeated in

subsequent matings under a similar production scenario.

Materials and Methods

Matings used to create Sire Alliance steer progeny were consistent with the

protocol recommended by the American Angus Association for evaluation of carcass traits

using sire progeny testing programs.  At the Huntsville and Iberia, Missouri ranches,

commercial Angus females were randomly mated to Sire Alliance candidates and six

reference sires using artificial insemination.  Sire Alliance candidates were used naturally

for cleanup matings for all females.  Prior to calving, a random portion of cows were

transferred to a third ranch in Stockton, Missouri.  Progeny information was gathered

beginning at birth including birth, weaning, backgrounding, and yearling weights.  Post-

weaning, steers at the Huntsville ranch were transported to either Stockton or Iberia.

Steers were backgrounded for 104 d before being transported to
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Supreme Cattle Feeders, Inc., Liberal, Kansas.  Prior to transport, whole contemporary

groups were assigned to one of five feedyard pens.  A contemporary group was defined as

steers that had been together since birth and given an equal opportunity to perform.  When

the steers averaged a year of age, ultrasound measurements for fat thickness, ribeye area,

and marbling were taken by an AUP Certified ultrasound technician.  Steers remained in

their initial feedyard pens until slaughter.

Slaughter was determined when a contemporary group averaged .5” fat thickness

at the 12-13 rib as determined by real-time ultrasound.  All steers from a given

contemporary group were slaughtered on the same day.  Three slaughter groups resulted:

April 22, May 7, and June 1, 1998.  Carcass data gathered included:  slaughter date, hot

carcass weight, marbling score, fat thickness, ribeye area,  and percentage KPH fat.

Carcass data were gathered by experienced personnel from the University of Missouri and

USDA Grading Service.  These data along with birth, weaning and yearling weight

information were submitted to AHIR prior to the June 1998 deadline for use in the

American Angus Association genetic evaluation.

Genetic evaluation

Expected progeny differences were calculated for birth weight, weaning weight,

post-weaning average daily gain, marbling score, yield grade and fertility.  A single-trait

animal model was used for birth weight that included fixed effects for birth contemporary

group and age of dam with a random genetic effect for birth weight.  Weaning weight and

post-weaning gain were analyzed in a two-trait model that included fixed effects for both

traits of contemporary group and age of dam and random genetic effects.  A linear

covariate of weaning age was included for weaning weight.  Marbling score and yield

grade were also analyzed in a two-trait model that included fixed effects of slaughter

contemporary group, age of dam, a linear covariate for slaughter age and random genetic

effects.  Fertility data were not available for female sibs.  Therefore, fertility EPD was

calculated in a two-trait model with yield grade and fertility being unobserved.  A genetic

correlation of .21 between yield grade and fertility was used as reported by Splan et al.
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(1998).  For all models, the numerator relationship matrix inverse (A-1) was formed

tracing the pedigree through grandparents of the sire.  While dams of the steers were

included in forming A-1, their ancestors were unknown.  This resulted in 1,566 animals

being included in A-1.

Other genetic and environmental (co)variances were taken from Bertrand

(personal communication), MacNeil et al. (1984), Wilson et al. (1993), and Splan et al.

(1998), with the exception for yield grade.  Yield grade parameters were estimated from

the data using the MTDFREML programs developed by Boldman et al. (1993).

Economic simulation

Relative economic values (REVs) were defined as the marginal change in expected

profit per progeny from increasing the trait in question by one unit.  The derivation is

equivalent to differentiating a profit equation with respect to one parameter while holding

all other parameters in the equation constant.  To estimate REVs a bio-economic

simulation was performed using the computer software SIMUMATE 3.0 as described by

MacNeil et al. (1994) and modified by the authors into an interactive spreadsheet model.

In total there were 76 production and economic variables used in this deterministic

simulation model for a straight-breeding Angus system.  Growth and carcass inputs were

taken from the mean performance of the Sire Alliance progeny.  Cow reproduction,

lactation and size inputs were taken from Gregory et al. (1993a) and Gregory et al.

(1993b).

The bio-economic simulation is a method of weighting the contribution of a sire to

the value of the production system given the considerations for; 1) The value of end

product carcass characteristics of its progeny to the beef consumer, and 2) Balancing the

cost and revenue trade-offs in providing those characteristics. The task is to rank these

sires for a production system giving fair and balanced credit to the phenotypic

expectations of the seedstock on the profits of the production system in which their

progeny are raised.  Several economic assumptions are necessary in both the development

and interpretation of the bio-economic model and REV’s; 1) Seedstock selection decisions

need to be based on the impact of a sire on the final profitability of its progeny in a specific
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production system.  The system used in this model is designed to parallel a moderate sized

cow/calf operation that retains ownership through the feedlot phase, 2) The economic

portion of the simulation is designed to measure the overall impact of a sire on a specific

herd, 3) The level of expression of each  phenotypic trait, and thus the economic

importance of the level of that trait, will differ in value for a  production system based on

the relative returns of that trait for the production system used, and 4) Contribution of

single trait EPDs to profit are “weighted” in dollar units to reflect the relative impact on

system profits from a unit change in any one EPD.

The model requires a number of assumptions about expected costs and returns for

a production system over a planning horizon.  Income over variable cost of production

and fixed cost estimates were derived from enterprise budgets developed over the last ten

years from The University of Missouri Extension for a cow/calf operation.  Cull cow price

estimates were determined from USDA Market News 10 year average from Soiux Falls

and FAPRI 10 year forecast for utility cows.  Feeder steer price estimates were

determined from 10 year average Oklahoma City price estimates and forecasted 10 year

average based on USDA Market News reports.  Carcass Quality Grade, Yield Grade, and

Off-Grade price estimates were based on National Carcass Premiuns and  Discounts For

Slaughter Steers And Heifers as reported by USDA Market News service.

Backgrounding and feeding cost estimates were based on 10 year average Kansas State

University Extension  Monthly Performance, Cost of Gain, and Breakeven Prices.

Discounts and premiums from a base price of $104/cwt are reported in table 2.

Table 2.  Average carcass grid deviations provided by USDA
Market News Service.

Quality Grade, $ Yield Grade, $
Prime 6.50 3.10 1
Choice0,+ 1.28 2.00 2
Choice- 0.0 -1.00 3
Select -6.20 -14.54 4
Standard -17.00 -19.52 5
Carcasses < 550, -$19.94/cwt; > 950, $-16.83/cwt
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After parameterizing the model with these inputs, REVs were then estimated by

approximating the partial derivatives of the profit equation with respect to each variable.

In this case, these variables included birth weight, weaning weight, post-weaning average

daily gain, marbling score, yield grade, and female fertility.  The estimation procedure

included simulating the base herd and then comparing outputs to subsequent simulations

driving the variable of interest up by one unit and comparing the differences in profit.

Genetic Differences of Profit

Sire differences in profit were then estimated by computing the product of the

matrix of sire EPDs (G) and the vector of REV's (a) to produce the resulting index values

(I).  The resulting vector I was then sorted in descending order.  Therefore, the difference

between two bulls' index values indicate the expected difference in profit between progeny

of those two sires given the production and economic values used in the model.

Results

After data edits there were 675 steers evaluated.  A phenotypic characterization of

those data is provided in table 3.  Steers averaged 88 lbs. at birth and had a mean

unadjusted weaning weight of 575 lbs. at 220 d.  At the termination of the backgrounding

phase steers averaged 788 lbs. resulting in an average daily gain of 2.05 lbs./d during this

phase.  After steers were on feed for 68 days, they were weighed and ultrasonically

scanned.  During this period, referred to as the growing phase, steers gained 3.86 lbs./d.

The period from scanning day to slaughter is referred to as the finishing phase in this

study.
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Table 3.  Characterization of production and carcass data from Sire Alliance steer progeny.
Variable Mean Std. Dev. Minimum Maximum
Birth weight, lbs. 88 10 50 128
Weaning weight, lbs. 575 80 350 782
Weaning age, d 221 23 154 271
Background final weight, lbs. 788 76 566 990
Background gain, lbs./d 2.05 0.49 0.51 5.13
Growing phase gain, lbs./d 3.86 0.78 0.23 6.09
Finishing phase gain, lbs./d 2.75 1.26 -2.88 7.09
Slaughter weight, lbs. 1186 111 784 1519
Slaughter age, d 440 22 364 492
Hot carcass weight, lbs. 747 69 494 957
Fat thickness, in. 0.56 0.16 0.2 1.2
Marbling score1 5.32 0.90 2.1 9.5
Kidney, pelvic and heart fat , % 2.06 0.40 0.5 5
Ribeye area, in2 12.30 1.56 8.6 18.2
Yield grade 3.21 0.67 0.88 5.53
14.0=Slight00; 5.0= Small00; etc.

Phenotypic variation within contemporary groups was present.  Fat thickness

ranged from .2 to 1.2" and marbling score from Practically Devoid10 to Moderately

Abundant50.  Hot carcass weight ranged from 494 to 957 lbs. and calculated USDA Yield

grade ranged from .88 to 5.53.

Although most of the genetic and environmental (co)variances used were taken

from previously scientifically reviewed studies, those parameters were estimated from the

data generated in this study to evaluate data structure integrity.  For all traits, the

estimated parameters agreed with published scientific literature (data not shown).  From

these models, fixed effect solutions were evaluated to determine if they should be included

in models to calculated EPDs.

Presented in table 4 are the EPD means and ranges of the 26 bulls tested in the Sire

Alliance.  The average of the individual trait solutions for the bulls was close to zero for

all six traits evaluated.  It is important to emphasize that the average itself is meaningless.

The EPDs among the bulls had ranges of 9.8 lbs., 44 lbs., .2 lbs./d, .93 marbling score

units, .41 yield grade units, and .017 conceptions/service for birth weight, weaning weight,

post-weaning average daily gain, marbling, yield grade and fertility, respectively.  These
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ranges indicate that bulls did possess largely different genotypes for all of the economically

important traits with the exception of fertility.

Table 4.  Characterization of Expected Progeny Differences of 26 bulls used in the
Sire Alliance.
EPD Mean Minimum Maximum
Birth weight, lbs. -.03 -5.0 4.8
Weaning weight, lbs. -1 -28 16
Post-weaning gain, lbs./d .00 -.09 .11
Marbling, score .01 -.36 .57
Yield grade, units .00 -.24 .17
Fertility, conceptions/service .000 -.009 .008

Table 5 shows the standardized economic weights estimated from the bio-

economic simulation.  The REVs were standardized by the genetic standard deviations to

evaluate relative selection emphasis, removing scale differences among traits.  Based on

these data, yield grade and weaning weight received the most emphasis followed by post-

weaning average daily gain, marbling and birth weight with similar levels of emphasis.

Fertility appears to have very little impact on the final ranking of sires.  This was due to its

low heritability and subsequent prediction as an unobserved trait.

Table 5.  Standardized relative economic values for Sire Alliance.
Trait Standardized Economic Weights, $
Birth weight -2.61
Weaning weight 12.97
Post-weaning average daily gain 5.16
Marbling 4.76
Yield grade -18.20
Fertility .24

Table 6 shows the progeny profitability differences for Sire Alliance bulls.  After

combining REVs and EPDs to produce the final index, values for all 26 bulls were

adjusted by a constant, so the lowest value was rescaled to zero.  Of the 19 Sire Alliance

candidates there existed a range of $31.51 from the top to the lowest ranking bull.  This

should indicate that if these two bulls were used again in a production system similar to
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the one described in the economic simulation, a difference in profitability of $31.51 per

calf would be expected.

Table 6.  Rankings of progeny profitability differences
for Sire Alliance sires.

Rank Sire Profitability, $
1 A 35.50
2 B 31.48
3 C 25.57
4 D 22.18
5 E 20.84
6 F 20.32
7 G 15.70
8 H 15.54
9 I 14.49
10 J 14.17
11 K 13.89
12 L 12.67
13 M 11.15
14 N 11.00
15 O 10.88
16 P 7.96
17 Q 7.22
18 R 6.19
19 S 3.99

It is evident that the economic weights are rewarding bulls that have a multiple

trait genetic profile that excels in as many areas as possible.  EPDs provided from the Fall

1998 Angus Sire Evaluation for the top two ranking bulls for profitablity rank Sire A in

the top 45% for birth weight, top 25% for weaning weight, top 25% for milk, top 10% for

yearling weight, top 20% for marbling score, top 1% for ribeye area, and top 50% for fat

thickness based on the June 1998 EPD Percentage Breakdown for Current Sires.
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Implications

If these bulls provide a snapshot of at least the average genetic profile that exists

within the Angus breed, it is evident that wide differences exist in profit potential.  In fact,

by using such an approach as the one utilized by the Circle A Sire Alliance it can easily be

shown that justification for attaching added value to certain herd sire prospects is

warranted if the genetics of the prospect can be accurately described.  Commercial

cattlemen should be advised to utilize a more systematic approach to genetically alter

profit than single trait selection.  The authors have developed a user friendly computer

program that allows producers to assign economic values to sire performance

characteristics for their specific farm parameters.
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