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Managetnent of Yot1ng Cows for 
Maxin1tlm Reprodtlctive Performance 

T lf'~ Gemy U')JJA.-A.RS fcn1 Keogh. Jliles Cizv. iliT 

Reproduction is the main factor limiting production effi­
ciency of beef cattle (Dickerson. 1970). Forty years ago, fail­
ure to conceive or early embryonic death accounted for the 
largest loss in calf crop potential (\X'ilthank et al., 1961). More 
recently, Bellows and Short (1994) reported that the greatest 
production loss in the cmv-calf segment of the beef industry 
results from cows not being pregnant at the end of the breed­
ing season. Have we made any progress in improving repro­
ductive effickncy among beef cows? 

Today, tht.· most common reproductive problem that both 
purebred and commercial beef producers encounter is get­
ting first calf heifers rehrecl. This is :1 common problem he­
cause we arc trying to rebreed a cow that has not yet reached 
her mature weight and is often faced with the task of con­
suming enough energy to satisfy needs for growth, lactation. 
and maintenance when generally only poor quality forage is 
available (Ltsrer et al., 1973). In most operations, pregnancy 
rate of either the two or three-year old cmvs is the lowest in 
the herd. Economically. the two-year old cow is generally the 
most expensive/valu;tble animal on the ranch because of the 
dollars invested in her and because she has not yet returned 
any income to the operation. Because of the estimated 5950 
involved in developing each replacement heifer and carrying 
her through until calving, producers cannot afford for these 
cows to bll our of the herd because of reproductive failure as 
tvvo-year olds. Put another way, producers can easily justify 
additional expenses to ensure these females rebreed rather 
than having ro develop another replacement heifer. 

Over the past 40 years, numerous studies luve been con­
ducted to icll·ntify the problems and improve the rebreecling 
efficiency of first calf heifers. \X'hile older cows n.:quire -10 to 
60 clays to rL·cover from calving and overcoming a negative 
energy balance before they begin having regular estrous cycles 
and can he rehrecL 2- and 3-year old cows may require 70 to 
90 days. This interval from calving until the re-initiation of 
estrous cycles is often referred to as a co~v·s postpartum 
anestrous intt:rval or more commonly. postpartum interval 
(PPD. The longer PPl and delayed re-breeding anributablc to 
the negativl:' energy I );dance of young co~vs after calving has 
been magnified by genetic selection for increased productiv­
ity. \'Fhcn gt:netic putemial of the female is "out of synch" 
with the production environment, delayed reproduction is one 
of the first phenotypic indicators of that asynchrony. This 
phenomenon has been observed, on an across-breed basis, 
where Angu:---Hereford females had 10% greater pregnancy 
rJ.te than Simmemal-Hereford females and 66'X, of Angus-Here­
ford females versus :)H% of Simmcntal-Hereford females re­
mained in the breeding herd at 7 years of age (MacNeil et al., 
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1994). The keys to increasing pregnancy rate among young 
cows especially are to shorten the PPI to increase the number 
of oppo11unities a cow has to conceive during a defined breed­
ing se1son and to increase the ferrility of cmvs early during 
the breeding season (\Viltbank et al., 1961). Improved re-hreed­
ing efficiency can he achieved through additional inputs in 
feed resources and labor, management alternatives, or selec­
tion to reduce nutri<.:nt requirements of cmvs. 

A part of the reason that producers are advised to breed 
heifers to calve 3 weeks ahead of the cmv herd is to provide 
additional time to overcome the longer PPI before the start of 
the subsequent breeding season. \Vhile this ·works well in 
theory, it can backfire. Cows calving earlier in the spring have 
longer PPI due to tnH: seasonal effects related ro changes in 
light (Hansen and Hauser, 1984). In addition, calving heifers 
ahead of the cowherd generally means calving earlier in the 
spring and a longer interval until when green grass is avail­
able. If sufficient nurdents are not provided to heifers with 
newborn calves. they can actually be further behind (still in a 
negative energy balance) at the starL of the breeding season. 
Thus, it is essential to provide these females with the best 
resources available and can he afforded. ll is difficult if not 
impossible to provide sufficient feed to cows after calving to 
avoid the negative energy balance, so we need to prepare 
them for this period by allowing them to develop energy stores 
before calving and ensure they are in adequate body condi­
tion at calving (Houghton et al., 1990; Short et al., 1990). Ad­
equate body condition means a body condition score of 5 to 
6 (moderate) at c:tlving. In general preparLum nutrition (espe­
cially the last 50 ro 60 days before calving) is the primary 
controller of length of the PPI, while postparntm nutrition 
primarily affecLS fertility (Bellows and Short. 1978; Henricks 
anclRone, 1986; Randd, 1990). llmvever, cows on a low plane 
of nutrition postcalving will also have a longer PPI. A sum­
mary of 5 studies suggests that feeding ionophores such as 
Bovatecll' or Rumensin·G after calving increases feed costs less 
lhan two cents per day, but shortens the PPI in cows by an 
average of 18 days provided adequate energy is available. 

If producers are unable or choose not to calve heifers ahead 
of the cowherd, then it is essential that heifers calve early in 
the calving season. That means heifers must be adequately 
developed to be cycling at the beginning of the breeding sea­
son. The old rule of thumb that heifers should be 650.'o of 
mature weight at the beginning of the breeding season still 
.~lands. The biggest difference is that producers translate this 
imo meaning 650 -700 lbs, \Vhich ~vas adequate when we 
were kids and mature cow weights were 1,000 - 1,100 lbs. 
.\'lature cows in today·s herds' often weigh 1,250 lbs or more. 



m~aning heifers should bt.; at least 800 lbs at the onset of 
breeding. Synchronization of estrus (even with natural ser­
vice) should be considered in every heifer development pro­
gram to increase the percentage of heifers calving early. De­
veloping more heifers than are needed as replacements and 
retaining only those that conceive early, during the first 25 
days of the breeding season, may increase rebreeding preg­
natK)' rates. A simple and cheap method of synchronizing 
heifers for natural service is to feed .MGA in pellets to heifers 
for 14 days, and turn in the hulls tvvo weeks after the last 
feeding of IviGA (Patterson et al., 1 990). 

Identification of e;u·ly pregnancies among heifers may re­
quire earlier pn:gnancy diagnosis than producers are accus­
tomed to and may require pregnancy diagnosis with ultra­
sound to improve accuracy of fetal aging. Heifers that calve 
late as two-year olds, often fail to rl'breed or calve later as 
three-year olcls :llld may fail to conceive as threl'-year olcls 
(Lesmeister et al., 1972). In most herds, a replacement female 
will not pay for herself until she has weaned her 4th calf as a 
five-year old. 

Dystocia is more conm1on among first calf heifers and in­
creases the PPI and delays rebreeding (Brinks et al., 1973; 

Laster et al., 197_:3; Bellows and Short 1978). One of the rea­
sons artificial insemination has become so popular ~11nong 
heifers is the ability to avoid dystocia by breeding heifers to 

calving ease proven sires. In a survival analysis of I ,3H2 CGC 
( 1/2 Reel Angus, 1/4 Charolais, 1/4 Tarenraise) females, Rogers 
ct al. (2003) reported that heifers experiencing dystocia were 
at 35% greater risk of being culled, primarily due to subse­
quenr reproductive failure, than herd mates that calv~d with­
out assistance. \\!hen calving assistance is needed, earlier as­
sistance greatly decreased the interval from calving to the 
subsequent pregnancy. After a heifer has spent 1.5 hours in 
stage II labor (hooves visible), every 30-minute delay in pro­
viding assistance resulted in a 6 clay longer interv;tl to preg­
nancy (R. A. Bellows. personal communication). 

Exposing first calf heifers to either sterile bulls or 
anclrogenized cows following calving helps re-initiate estrous 
cycles (Zalesky eta!., 1984; Burns and Spitzer, 1992>. Research­
ers have demonstrated that a hull pheromone is involved, 
that approximately 30 days of bull exposure is required, and 
that the return to cyclicity is quicker if exposure is initiated 55 
days after calving (Joshi. 2002). \\ihen bull exposure hegan at 
either 15 or 35 days after calving, the return to cyclicity was 
delayed compared to bull exposure begun :u clay 55 after 
cdving, but well ahead of first calf heifer not exposed to 
hulls. Most studies have utilized bull or androgenized cow to 
heifer ratios of 1:20 to produce this effect. 

Estrous cycles can be induced in cows after calving \Vith 
hormones used for synchronization. Nlost cmvs have a short 
estrous cycle or may ovulate \vithout expressing estrus just 
before they begin having regular estrous cycles. This short 
cycle produces progesterone for 5 to 8 days that helps syn­
chronize hormonal control of the cow's estrous cycle. \'1-'e can 
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mimic this short cycle by administ~ring progesterone to 
anestrous cows in the form of a CIDR inserted into the va­
gina. which releases progesterone until it is rernoved 7 clays 
later. \\/hen we administered CIDRs to early postpartum cows 
last year, estrous cycles were initiated in 90~;b of CO\VS and 
almost 60%• were in e.-;trus \Vithin cJ days alter it was removed. 
Cows were not bred at this estrus, so \VL' don"t know anything 
ahout the fertility of this estms. In this s:tme study, neither a 
normal close nor a high dose of l\:JGA induced estrous cycles. 
Another hormone, referred to as Gn]{! I, can abo he used to 
induce estrous cycles following calving. An injection of GnRI-I 
initiates a short estrous cycle in anestrous CO\VS by eventually 
causing release of progesterone for 5 to 7 days. The estrous 
cycle following this short estrous cycle is gener-ally very fer­
tile. \X'ith either of the hormonal induction methods, heifers 
nL'l'd to be at least 30 days since calving before any benefit 
will he achieved. 

Over the years, we've learned that the demand lactation 
places on a cow represent the single greatest factor affecting 
the postpartum anestrous interval. As indicated earlier, this is 
especially tme for first calf heifers, as they are still diverting 
energy for growth as \vel] as !aeration. Short-term ( 48-hour) 
calf removal helps induce release of GniUI within a cow <tnd 
helps induce estrous cycles (Smith et al., 1979). This is very 
effective in anestrous cows. but is less effective in :mestrous 
two-year olds. perhaps due to the "depth" of anestrus (Geary 
et al.. 2001). However, early and pertnanentweaning holds 
more promise for iluproving rept·oductive efficiency in 
first calf heifers than probably all of the other tnethods 
combil1ed. Early weaning has received considerable ~men­
tion within the last few years, particularly because of regional 
areas of drought and low grain prices. \X!hile each operation 
may define early weaning differently, if it is to impact repro­
duction, then it must occur before the end of the breeding 
season and preferably before the beginning of the breeding 
season. As one might expect, early weaning conpletely elimi­
nates the energy that was needed for lactation, so now the 
cow can divert extra energy to reproduction. Several studies 
have been reported in which early-weaned tv..'o-year olds 
experienced dramatic increases in pregnancy rates and/or 
increases in the percentage of calves born early the subse­
quent year (Table 1). Depending on hmv early your heifers' 
calve, this may mean weaning calves that an:· less than 60 
days old. Calves that are 40 days old can outperform suckled 
calves as long as a highly palarahle ration tlut is dense in 
energy is provided. Rations for early weaned calves should 
he designed ro provide at least 2.7 lh/d gain and contain at 
least 50 to 70% concentrates (wheat middlings / corn / barley 
mixtures have worked best) and 30 to 50% grass hay (alfalfa 
hay is nor n.:commendedl. 

\'Vhile early ~'eaning seems like a rather drastic measure. if 
facilities, labor, and cheap feed resources are avaibhle, the 
benefits to first ctlf heifers may have lasting effects. Getting 
these young cows to conceive and calve early as 3-year olds 



Table 1. Benefits observed in three herds that compared reproductive performance 
of cows whose calves were weaned early or at approximately 200 days of age. 

2-yr 3-yr Mature 
Early vs normal weaning olds olds cows 

Study 1. Weaned 8 d before a 42-d breeding season a 

Increased pregnancy rate 26% 16% 8% 
Study 2. Calves weaned at 50 d of ageb 

Increased pregnancy rate 
Increased cow weight at normal weaning 

Study 3. Calves weaned at 56 d of age a 

38% 
871bs 

19% 
801bs 

Increase calving first 30 d of subsequent year 35% 

a Adapted from "Management of early weaned calves" NebGuide G83-655. 
b Adapted from "Early weaning for the beef herd" OSU Extension Facts No.3264. 

may mean l()nger and greater lifetime productivity. Tn the past 
few years, grain prices have been low enough that early wean­
ing has been profitable through increased \Veight gains alone. 
Remember ,,·hen grain prices are higher, that each two-year 
old that sucLessfully rebreeds translalL's into a $9'10 savings in 
heifer repl:Kement cost. 

In the pa-;t 40 yL·ars, researchers have investigated and 
developed sc\·eral methods of improving the rehreecling per­
formance of~- and 3-year old cows. Hw.vever, producer adop­
tion of these methods h:ts not occurred at a very rapid pace. 
\-x:'hile it is possible ro use combinations of the methods be­
low to imprt )\'e rebreeding performance, the overall benefit 
of each one may not be additive. In summary, the following 
methods may improve the rebreeding performance of young 
beef cows. 
• Develop heifers tu 65% of mature weight at breeding 
• Synchronize heifers to conceive early during a short breed­

ing seas< m 

• Al1ificially inseminate heifers \Vith semen from calving ease 
proven sires 

• Provide additional energy during the last 50 days of gesta­
tion so th~tt heifers calve at a minimum body condition 
score or s 

• Provide et:"!y calving assistance when intervention is needed 
• Provide y< )Lmg cows \Vith the best feed resources available 

aher calving 
• Provide ionophores to cows after calving to improve utili­

zation of feed 
• Expose young cows to sterile bulls or androgenizl'd cmvs 

during the last 30 days before the stal1 of brel'ding 
• lncluce/.synchronizc estrous cycles in young cows even with 

natural service 
• Consider l·arly \vcaning during drought and cheap feed 

availability 

7 

Literature Cited 
Bellows, R. A. and R. F. Short. 1978. Effects of precalving feed 

level on bitth weight, calving difficulty and subsequent 
fertility. J. Anim. Sci. 46:1522-1528. 

Bellows: It A. and R. E. Short. 19l)4. Reproductive losses in 
the beef industry. In :VI. J Fields and R. S. Sands (Ed..;) 

Factors Affecting Calf Crop. CRC Press, Baton Rouge. FL 

pp109-133. 
Brinks, J. S., J E. Olson, and E. J. C~trrol. 1973. Calving diffi­

culty and its association \Vith subsequem productivity in 
Herefords. 1. Anim. Sci. 36:11-17. 

Burns, P. D. a~dJ. C. Spitzer. 1992. Int1uence ofbiostimulation 
on reproduction in postpartum beef cows. J. Anim. Sci. 

70:358-362. 
Dickerson, G. 1970. Efficiency of animal production- mold­

ing the biological components. J. Anim. Sci. 30:849-859. 
Geary, T. \Xr., R. R. Salverson, and J. C. \Vhittier. 2001. Syn­

chronization of ovulation using Gnt{H or hCG with the 
CO-Synch protocol in suckled beef cows. J. Anim. Sci. 
79:2536-2541. 

Hansen. P. J. and E. R. Hausc.:r. 1984. Photoperiodic alteration 
of posq~artum reproductive function in suckled CO\YS. 

Theriogenology 22: 1-14. 
Henricks. D. M. and J. D. Hone. 1986. A note on the effect of 

nutrition on ovulation and ovarian follicular populations 
in rhc individually feel post-partum beef heifer. Anim. Prod. 

42:557-560. 
Houghton. P. L., R. P. Lemenager, L.A. Horstman, K. S. Hendri.x. 

and G. E. !',:Joss. 19lJO. Effects of body composition, pre­
and postpartum enc.:rgy level and early weaning on repro­
ductive performance of beef cows and preweaning calf 
gain. J. Anim. Sci. 6o:l438-1446. 

Toshi. P. S. 2002. I3iostimulatory effect of bulls: Exposure type 
- and clay of exposure on resumption of postpartum ovarian 

cycling ~1ctivity in first-calf suckled beef cmvs. Thesis, !\-lan­
tana State University. 

Laster, D. n., H. A. Glimp, L. V. Cundiff, and K. E. Gregory. 
1973. Factors affecting dystocia and the effects of dystocia 
on subsequent reproduction in beef cattle. J. Anim. Sci. 
36: 69':;-705. 



Lesmeister, J. L., P. J. Burfening, and H. L. Bladc'vell. 1972. 
Date of first calving on beef cows and subsequent calf 
production. J. Anim. Sci. 36: l-6. 

ivlac~eil, M. D., \Yl. L. Reynolds, and J. J. Urick. 1994. Pro­
duction by crossbred beef females in a range environ­
ment. Proc. 5th \\-'oriel Cong. Genet. Appl. Livestock Prod. 

17:288-291. 
Patterson, D. J., J. T. Johns, \'V. R. Burris, and :\. Gay. 1990. 

Utilizing melengestrol acetate (lvlGA) to synchronize estms 
in replacement beef heifers with natural service under field 
conditions. J. Anim. Sci. 6H(Suppl. 1 ):H. 

Randel, R. D. 1990. Nutrition and postpartum rehreecling in 
cattle. J. Anim. Sci. 68:853-862. 

Rogers, P. L., C. T. Gaskins, K. A. Johnson, and J\1. D. Macr\eil. 
2003. Risk factors associated with culling females in a com­
posite beef herd. Proc. \\7estern Sec. Am. Soc. Anim. Sci. 
54:0n Press). 

8 

Short, R. E .. R. A. Bcllmvs, R. B. Staigmiller. J. G. Berardinelli, 
and E. E. Custer. 1990. Physiological mechanisms control­
ling anestrus and infe11ility in postpartum beef cattle. J. 
Anim. Sci. 6H:799-Hl6. 

Smith, l'vl. F., \V'. C. Burrell, L. D. Shipp, L. R. Sprott, W'. N. 

Songster, and .J. N. \Vilrbank. 1979. Hormone treatments 
and use of calf removal in postpartum beef c1ws. J. Anim. 

Sci. 48: 128S-l29Li. 
\\7ilrbank,J. N., E.J. \vanvick, E. H. Vernon. and B. :VI. Priode. 

1961. Factors affecting net calf crop in beef c.Hde. J. Anim. 

Sci. 20:"109-415. 
Zalesky', D. D., l'vl. L. Day, M. Garc:ia-\Vinder, K. lmakawa, R. 

J. Kittok, Nl. J. D'Occhio, and ,l. E. Kinder. 1984. Jnt1uence 
of exposure to hulls on resumption of estrous cycles fol­
lowing parturition in beef cmvs. J. Anim. Sci. '59:1135-1139. 



3 

5 

Using Estradiol Cypio11ate (ECP®) vs. GnRH 
1n Controlled A.I.-Breeding Programs 

jeffre_}' S. Stevenson, Kansas State Uniuersi(l' 

_.!~STATE RESEARCH &EXTENSION .. 
Mt N 'S# .. ij .. 

How Do Estrogen and GnRH Work? 

Gn f~ H is secreted by the 
hypothalamus and 
induces release of LH 
and FSH from the AP. 

LH 

Onset of 
ovulation 

~f~~i~f~~!:rior 
G."RH a.·· ·.. .pituitary ~- ~land (AP) 

LH·~ 
Follicle 

GnRH induces the LH 
surge in response to 
increased estrogen 
(E) associated with the 
onset of estrus. 

Extra Label Use of Drugs 

• Extra label use means a drug is used for 
purposes NOT listed as one of its Indications on 
the bottle label or bottle insert. ,~-----.. --........... i 

! CYSTORELIN':8:i 
• For example, the label for each 

GnRH product indicates that its 
approved use is for the treatment of 
ovarian follicular cysts. 

Factrel@ I 
FERTAGYU?) I 
OvaCyst® _j 

• Use of GnRH in any estrus-synchronizatio_ri_or 
ovulation control program is considered to be an 
~xtra label use. 
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Why Substitute Estrogen for GnRH? 

Estradiol-17 

Estradiol 
benzoate 

Estradiol 
cypionate 

Estradiol 
valerate 

Estrogens 

Principal estrogen 
secreted by the follicle 

Mimi:;ks estradiol-17 most 
closely (half-life nearly equal) 

Longer-acting estrogen 
(sold as ECP®) 

Longest-acting estrogen; 
was part of Syncro-Mate 
B® estrus-synchronization 
protocol (not svailable) 

Extra Label Use of Drugs 

• GnRH products have therapuetic approvals for 
use in cattle in the U.S. 

• Strict interpretation of Animal Medicinal Drug Use 
Clarification Act (AMDUCA) is that GnRH products 
cannot be used for production purposes in cattle. 

• However, GnRH products are being used 
extensively for estrus-synchronization programs 
by veterinarians and academic researchers who 
have published their results in scientific journals 
and producer press. 
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Extra Label Use of Drugs 

• GnRH is a peptide (very small protein with a short 
blood half life) with no known health concerns. 

• FDA must have minimal concerns regarding use 
of GnRH products in estrus-synchronization 
programs because no known prosecutions have 
been initiated. 

r !leG
.,, 

.. : . 
I·.. v·.,,:~l:':'(: .. 
~~ .. 

' ' .; .. '': 
l·~~ .. •· '' . ""~ ·' .. 

,~, ·;·. -, . 

What Estrogen is Approved? 

• Estradiol cypionate (ECP) 
has a therapeutic label for 
use in cattle in the U.S. 

• It is the only estrogen 
approved for use in cattle is 
ECP® (Pharmacia) 

··,~._ .... 
• ECP has multiple label indications including "to 

correct anestrus [absence of heat period] in the 
absence of follicular cysts'' at 3 to 5 mg doses. 

Use of ECP in Breeding Programs 

• ECP is being used extensively for 
estrus-synchronization programs 
by veterinarians and academic 
researchers who have published 
their results in scientific journals 
and producer press. 

• FDA has not initiated prosecutions . . 
of either researchers or 
veterinarians using ECP in cattle 
estrus-synchronization programs. 
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Illegal Use of Drugs and 
Compounding of Products 

• Estradiol benzoate (EB) has no human or animal 
approval in the U.S. 

• Strict interpretation of AMDUCA is that EB cannot be 
used for production purposes in cattle. 

• Therefore, use of EB in cattle for estrus- ® 
synchronization programs is illegal. 

• Use of EB also is illegal when compounded with any 
other approved product. 

• Use of the Eazi-Breed™ CIDR® Cattle insert plus 
Lutalyse® is an approved compounding of products. 

Use of ECP in Breeding Programs 

• Strict interpretation of 
AMDUCA is that ECP cannot 
be used for production 
purposes in cattle. 

• Because ECP is an 
estrogen, it is of concern to 
the U.S. Food and Drug 
Administration-Center for 
Veterinary Medicine relative 
to human health and safety. 

Follicle Control 
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What Must Estrogen Do To Replace 
GnRH in Breeding Programs? 

• Estrogen must induce 
upfront follicle turnover 
in a synchronization 
program in cycling cows. 

• Estrogen must induce 
upfront ovulation in 
anestrous cows. 

• Estrogen must induce 
ovulation after PGF. 

• Estrogen must not 
produce "hyper-estrus" 
activity to prevent 
injury of cows caused 
by excessive riding 
and standing behavior. 

• Estrogen must be easy 
to administer. 

Upfront Follicular Control?: Anestrus 

• Use of EB at 0.5 or 1.0 mg dose at the time of 
CIDR insertion did not induce ovulation effectively 
in seasonally anestrous dairy cattle (Verkerk et al., 
1998}. Beef cattle? 

• EB + CIDR reduced formation of persistent 
follicles in lactating anestrous dairy cows, but 
delayed follicular development in some anestrous 
cows (Rhodes et al., 2002}. Beef cattle? 

• Immature dominant follicles in suckled anestrous 
cows were less likely to ovulate after EB (Burke et 
al., 2001 ). 

Easily Administered? 

• ECP is dosed at 2 mg per ml. 

• A small syringe is required to 
deliver 1 mg of ECP i.m. in a 
volume of 0.5 ml (0.5 cc). 

When injecting cows, follow 
Beef Quality Assurance (BQA} 
guidelines to reduce carcass 
bruising and injection site 
lesions (i.e., use neck injection 
sites}. 
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Upfront Follicular Control?: Cycling 

• Upfront EB (1 vs. 2 mg) 
at CIDR-7 insertion was 
effective for lactating 
cycling cows (Day et al., 
2000). 

• Upfront EB vs. GnRH at 
PRID-8 insertion was 
effective in cycling 
replacement heifers 
(Lane et al., 2001 ). 

so~--------------60 First-;ervic~ c~_:nception rate. % 

40 
20. 

0 
Co1111JI • mg 2 mg Anestrus 

I Ell% in estrus •% in estnus by 72 h I 

EB•?RI~ GnRH+PRID~ 

Ovulation after PGF-induced Luteolysis? 

Response Kansas Florida 

ECP to LH surge, h 19.1 ±2.6 
Onset of estrus after ECP, h 27.8 ± 3.2 29.0 ± i g 
Duration of estrus, h 6.9 ± 0.7 ·;2.5 ± ·r.8 

No. of standing events 17.1 ± 5.2 20.3 ± 2.8 
Total standing timed, sec 36.3 ± 12 47.6 ± 7.5 
Ovulation after estrus onset, h 29.9 ± 2.4 27.5:t1 1 

Ovulation after ECP, h 60.0 ± 1.8 55.4 ± 2.7 

After luteolysis, ECP induces ovulation in lactating dairy 
cows and in replacement heifers (Lopes et al., 2000). 

E~·REED CIDR® Cattle Insert 
·>> :·.- ; '; ......... - ':- ---:·-·:::.- --~<-- -.' '-. ',' ·,.,; ~ ·--.-~:"'' -::y.·;~~::::·.-"<·-· ·:·.:·:-~.-:, :,..;:-...----:.-;.:----;:-:·.;:--·~~ .~:::"·-~"- -·.·:-

g;> 

~~::.· .. 

~~ -~' • c~fl~t:.:;i:j.~;:;;..;;:d;J.%&;&-;.':@>;.~~w 



19 

21 

23 

Use of EB 
+ CIDR 

0, 1, 
or2 
mg 

1 rng EB (cows) 
0.5 mg EB (heifers) 

EB PGF I T CIDR ~ t t 
-7 0 -24 +48 

Days ----... 1- Ho·Jrs -

Preanancy rates 

EB dose Heifers Parity 1 Parity 2+ 

Omg 43% (56) 28%(37). 64% (73) 

1 mg 51% (54) 41% (34) 51% (69) 

2mg 48% (56) 32% (36) 63% (72) 

COi>rtesy of l;;s And9•son. Uni·;. of K&ntucky 

~-U•s•e•o•f•E•C•P-+•C•I•D•R-• 
G+CIDR·7+G 

G+CIDR-7+ECP 

ECP+CIDR-9+ECP 

Days 

0.5 
GnRH PGF mg bwq•r 

1 mg 
ECP PGF1 mg 
~ • ECP 

r {'DR , ., 

-9 -7 0 +24 

GnRH 
-TAl 

~• 

TAl ·-1 

TAl _. 
I 

+52-60 

---- - Hours -

When using ECP upfront, the CIDR must be in place for 9 days 

~ Pregnancy Rates in Angus 
~ Replacement Heifers 

TreaSIIIIDI* Herd B til'~ ti Total 

G + CIDR-7+ G 50% (24) 31% (98) 34% (122) 

G + CIDR·7 + ECP 33% (25) 39% (99) 38% (124) 

ECP + CIDR-9 + ECP 38% (26) 39% (109) 39% (135) 

*TAl at 52 to 60 hr 

c 

20 

22 

24 

12 

ourlosy of Jo"l Yelich. Univ. of Florida P~F ___EB 
AI@ 

"ICBZ+~Iil+~l~ I CD I:¥: ~~li;ll~ 39% (80) 

EB P~F 
AI@ ~EB 

EB+CIDR7+EB+AJE ~~ lil:i,tll~ 58% (69) 
PGF 

CIDR t' TAl 

CIDR7+EB+ T Al60 ~- 36% (77) 

~Ff TAl 

EB+CIDR7+EB+TAI60 
.__ 

51% (87) 
I , pr TAl 

CIDR7+TAI48 -.!- 38% (80) 

EB P~F 

EB+CIDR7+ TAI48+G ~ • 53% (85) 
I I I 

Days 

'--7 0 24 48 60 

----•- Hoors-

~ Pregnancy Rates in 
Suckled Angus Cows 

Treatment* Pari~ 1 Pari~ 2+ Total 

G + CIDR·7 + G 56% (45) 52% (63) 54% (108) 

G + CIDR·7 + ECP 61% (44) 72% (60) 67% (104) 

ECP + CIDR-9 + ECP 44% (43) 52% (62) 51% (105) 

·rAJ at 52 to 60 hr 

GnRH PGF GnRH 

• • +TAl 

MGA 10 5 mg/dl • I 
GnRH P~F GnRH 

• +TAl .. 
l~h\t~ MGA CO 5 mold! I 

GnRH PGF • .. ECP 
TAl 

MGA !0 5 mo!dl I T • I 
GnRH • I 

PGF -t ECP TAl 

I "'eWl~~~rt-I MGA (0.5 fTl3idl 
I 

-32 -19 -7 o +24 +72 

Days ----1- Hours-

'ltl~SJATE RESEARCH & EXTENSION 
*· 1 •:=:a 
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ECP vs. GnRH 

Calf removal ECP GnRH Total 

Ye' 49% (94) 51% (97) 50%" (191) 

No 51% (90) 38% (88) 44% (178) 

Total 50%+ (184) 44% (185) 47% (369) 

'Dil'ftC:rent {P<O 05) from no calf removal. 
+01tfe:rent (P<0.05) from GnRH. 

'ltl~SIATE RESEARCH & EXTENSION. 
• '•=·era 

Resynchronization of Estrus 

• Increase opportunity for more A. I.-sired 
calves 

• Take full advantage of previous 
synchrony with little additional cost 

• Facilitate heat detection of first eligible 
heat after A. I. 

'itl~STATE RESEARCH & EXTENSION 
-41 !&11 

(11 ~51 

Days after initial AI 

Exp. 1: 

68 dairy heifers 

62 beef heifers 
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Summary 

• ECP is an alternative to GnRH for upfront 
follicle control, but may not be as effective 
as GnRH for anestrous cows. 

• If ECP is used upfront at CIDR insertion, the 
CIDR must be in place for 9 days, rather 
than 7 days when using GnRH. 

• After CIDR removal, ECP is an alternative to 
GnRH after luteolysis for TAl systems. 

• Pregnancy rates to T AI tended to be great~r 
in suckled cows when treated after PGF w1th 
ECP than GnRH. 

Protocols for 
Resynchronization of Estrus 

• Previously used progestin-releasing 
inserts or implants 

• Feeding of a progestin (e.g., MGA) 

• Combination progestins with estrogen 
injections 

• Use of Ovsynch and Heatsynch 

'ltl~STATE RESEARCH & EXTENSION .. 
**'· f" 'j#fl 

70 

60 
50 

%40 
30 
20 
10 
0 

DControl 
1-----------1 

DCIDR 
l------------1 • CIDR + ECP 

<0 0 2 3 4 >4 

Days from removal of CIDR 
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Exp. 1. Reproductive Traits 

CIOR 
Item Con CIDR + ECP 

No. of heifers 44 42 44 

PR after 1st A.l. 53% 47% 60% 

Return 18-26 days 73% 84% 90% 

CR of repeat A. I. 60% 33% 35% 

26-day PR 72% 60% 73% 

I 0 Control •CIDR+EB DCIDR+ECP I 
80 

60 

% 40 

20 

0 
-1 0 2 

Days from CIDR removal 

Summary 

Resynchronization of repeat estrus: 
• Had no negative effect on established 

pregnancies. 

• Increased synchrony of repeat estrus. 

3 

Tended to reduce resynchronized conception 
rates after resynchronization in dairy and beef 
heifers. 

• Produced normal conception rates at the 
resynchronized estrus in suckled beef cows 
when ECP + CIDR were used. 

32 

34 

36 

14 

Exp. 3: 

588 suckled beef cows 

13 20 

Days after initial TAl 

Exp. 2. Reproductive Traits 

CIDR CIDR 
Item Con +EB + ECP 

No. of cows 292 151 145 

PR after 1st A. I. 52% 44% 52% 

Return 20-23 days 29% 84% 65% 

CR of repeat A. I. 65% 52% 65% 

, .- ~ --n . \· 
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• Fort Dodge Animal Healt~· 
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Economics of Estrus Synchronization 
and Artificial Insetnination 

Dr. Lcs Anders01z ami Paul Deaton. Unh·crsi(V qf Kentucky 

Introduction 
Fl'\V beef producers \Vould disagree that the genetic po­

tential available for use in their herds via artificial insemina­
tion is greakr than that of most natural service sires. 1-lmv­

ever, less th~m 10% of the beef cows in the Cnitecl States are 
artificially in-;cminatecl each year (NAHMS. 2000). Many rea­
sons exist for the low rate of implementation of estrus syn­
chronization and AI ( ESAI) into beef CO\\'-calf operations. One 
reason is the extensive nature of beef production. Most cows 
are p~1sturecl in large acreages and tile labor necessary for 
handling the cows is too great. Additionally. many producers 
lack adequate facilities to enable safe and easy cattle han­
dling. Beef production is a minor enterprise on many farms. 
The income from the beef enterprise in most small and me­
dium-sized operations is secondary to other enterprises or to 

off-farm income. However, the primary reason for the limited 
inclusion of ESAI is economics. Little information is avaibhle 

to aid producers in making decisions regarding ren1rn on in­
vestmem and profitability when considering using ESAI. Many 
producers may incorporate ESAI if it \Voukl improve their 
profitability both short- and long-term. This paper examines 
the costs of pregnancy for both natural service and AI, the 
sho!t-tcrrn returns on investment of AI and the long-term ef­
fects of incorporating AI into a breeding system 

Costs per Pregnancy 
Fe\\: producers unclcr.stancl the costs associated with pro­

ducing a pregnant fem:dc. Sandy Johnson and coworkers 
(2003) from Kansas State University recently published an 
excellent article discussing the costs associated with preg­
nancy using either natural service or a variety of estn1s syn­
chronization protocols. Table 1 illustrates the costs per preg­
nancy for bulls that range in price from $1. ')00 to $3.000 and 
bull-to-cow ratios froml:l5 to 1:50. Assumptions ofthe model 

Table 1. Cost per Pregnancy Using Natural Service 
Purchase Price 1,500.00 1,700.00 2,000.00 2,300.00 2,500.00 3,000.00 
Salvage Value 860.00 860.00 860.00 860.00 860.00 860.00 
Summer Pasture 104.13 104.13 104.13 104.13 104.13 104.13 
Crop Residue 7.50 7.50 7.50 7.50 7.50 7.50 
Hay 90.61 90.61 90.61 90.61 90.61 90.61 
Protein, mineral 25.00 25.00 25.00 25.00 25.00 25.00 
Labor 50.00 50.00 50.00 50.00 50.00 50.00 
Vet 21.00 21.00 21.00 21.00 21.00 21.00 
Repairs 31.00 31.00 31.00 31.00 31.00 31.00 
Misc. 7.00 7.00 7.00 7.00 7.00 7.00 
Interest 15.13 15.13 15.13 15.13 15.13 15.13 
Total Variable 351.37 351.37 351.37 351.37 351.37 351.37 
Depreciation on 12.39 12.39 12.39 12.39 12.39 12.39 

Equipment 
Depreciation on bull 160.00 210.00 285.00 360.00 410.00 535.00 
Interest on bull 212.40 230.40 257.40 284.40 302.40 347.40 
Death loss 15.00 17.00 20.00 23.00 25.00 30.00 
Total Fixed 399.79 469.79 574.79 679.79 749.79 924.79 
Total cost/year 751 '16 821.16 926.16 1 ,013.16 1,101.16 1 ,276.16 
Purchase Price 1,500.00 1.700.00 2,000.00 2,300.00 2,500.00 3,000.00 

Cows Exposed 
Per Year Cost Per Pregnancy ($) 

15 53.27 58.24 65.69 73.13 78.10 90.51 
20 39.96 43.68 49.26 54.85 58.57 67.88 
25 31.96 34.94 39.41 43.88 46.86 54.30 
30 26.64 29.12 32.84 36.57 39.05 45.25 
35 22.83 24.96 28.15 31.34 33.47 38.79 
40 19.98 21.84 24.63 27.42 29.29 33.94 
50 15.98 17.47 19.71 21.94 23.43 27.15 

Reprinted with permission from Johnson et al. 2003 
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included use of the bull for 4 seasons; loq.·o death loss; ~·u 
interest rate; and a 94% pregnancy rate. Annual bull mainte­
nance costs are variable and increasing the feed costs by S 100 
increased cost per pregnancy from S2.22 to S7.41 for high 
and low bull-to-cow ratios, respectively. Costs per pregnancy 
ranged from S15.98 to $90.51 depending predominantly upon 
the purchase price and bull-to-Co\v ratio. Certainly, the ability 
to identify bulls with a high serving capacity could reduce 
costs associated with impregnating females. 

Use of ESAI ~viii alter cost per pregnancy. Producers can 
use a partial budget (Table 2) for enterprise analysis of ESAJ. 
Implementation of ESAl can increase returns by increasing 
the weaning weight of the calves (both age and genetic ef­
fects), altering market price by increasing the uniformity of 
the calf crop, and improving co\V productivity by enhancing 
the number of high-quality replacement heifers. Alternatively, 
ESAI can reduce potential income because fewer bulls are 
available to sell as cull bulls. Estrus synchronization and AI 
increases costs because of costs for synchronization prod­
ucts and supplies, labor, technician, and perhaps facilities. 
However, ESAI can reduce costs by lowering the number of 
bulls needed for natural service and reducing the labor hours 
at calving clue to a more concentrated and predictable calv­
ing season. 

Several factors affect the cost per pregnancy of an estrus 
synchronization and AI program. Conception rate to the AI 
influences the cost per pregnancy (Table 3). As conception 
rate to AI increases, the cost of pregnancy of the system de-

creases. Cost per pregnancy is also influenced by total labor 
hours associated with the ESAI system (Table 4>. the cost of 
labor, and the cost of semen. If pregnancy rate is held con­
stant (Table 4 ), the cost per pregnancy of ESAI exceeds that 
of natural service especially for smaller herds. However, if 
the costs are adjusted for the expected increase in weaning 
·weight of the calves resulting from the ESAI, the cost of preg­
nancy for Select Synch and tviGA-PG is lower to produce a 
500 pound equivalent \veanecl calf (cost per cv-1 of cain. The 
cost per pregnancy of CO-Synch to produce a 500 pound 
equivalent calf \Vas only $.5l per C\\1 higher than that of nawral 
service. If conception rate to AI increases to 60% (Table 5), 
then the cost per 500 pound equivalent calf i.s not different 
between CO-Synch and natural service. 

From these data it seems apparent tlut the costs of preg­
nancy are not significantly different between natural service 
and most ESAI protocols. Of course, if labor is high, if semen 
costs are excessive, or if conception rate to the AI is low, the 
cost per pregnancy of ESAI can drJmatically increase. 

Short-term Return on Investment 
Little data can be found in the literature that examines the 

return on investment of incorporating estrus synchronization 
and Al. Therefore, the following trial was designed to deter­
mine if implementation of estrus synchronizat'on and AI is 
cost effective and enhances net return. Crossbred postpa1tum 
cows (n = 351) were randomly assigned hy age and calving 
date to one of t\vo breeding systems. Approximately t\VO-

Table 2. Partial Budget for Synchronization of Estrus Synchronization Plus AI 
Budget 
Effect 
Increased 
Returns 

Decreased 
costs 

Source 
Heavier calves (earlier average birth date) 
Improved genetics (calves and replacement 

females) 
Uniformity of calf crop (fewer sires could be used, 

total breeding season could be shorter) 
Fewer bulls to purchase and maintain 
Less labor for more concentrated calving season 
More predictable calving ease 

Budget Effect 
Decreased Returns 

Increased costs 

Source 
Fewer cull bulls to sell 

Planning and management for 
synchronization of estrus and Al 
Synchronization products and supplies 
Labor 
Improved facilities? 

Reprinted with permission from Johnson et al. 2003 

Table 3. Effect of Changing Pregnancy Rate on Breeding Cost per Pregnant Female in a 
Select Synch Protocol 
Calving AI No. of bulls Breeding 

herd pregnancy for natural cost($) per Proportion % of total 
size rate(%) service pregnancy cost attributed to: 

Bulls Semen Labor Treatments 
100 75 1 42.06 20 37 19 15 
100 55 2 46.08 37 24 18 14 
100 48 3 53.01 48 19 15 12 
300 65 5 40.90 35 33 11 16 
300 55 6 41.49 41 27 11 15 

Adapted with permission from Johnson et al. 2003 
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Table 4. Breeding System Costs and 5001b Equivalent Weaned Calf Breeding Cost per cwt 
Total Labor Cost($) per 500 lb. equivalent weaned calf 

Pre g. Hours No. of Bulls pregnancy breeding cost ($) per cwt. 

Days Rate Herd Size Herd Size Herd Size Herd Size 
System Worked (%) 30 100 300 30 100 300 30 100 300 30 Diff3 100 DiW 300 DiW 
Natural 2 4 12 56 34 34 12.91 7.79 7.79 
Service 
Select 9 50 45 82 142 2 6 67 45 40 12.75 0.16 7.74 0.05 6.68 1.11 
Synch 
MGA+ 6 50 37 67 116 2 6 60 39 35 11.20 1.71 6.47 1.32 5.56 2.23 
PGF 
CO- 3 50 26 47 82 2 6 70 51 48 13.41 (0.51) 9.04 (1.25) 8.32 (0.53) 
Synch 
a Oiff =difference between natural service and breeding system, S/cwt 
Adapted with permission from Johnson et al. 2003 

Table 5. Breeding System Costs ($) and 500 lb Equivalent Weaned Calf Breeding Cost (S) per Cwt at Various AI 
Pregnancy Rates 

Cost($) per 500 lb. equivalent weaned 

Preg. No. of Bulls pregnancy calf breeding cost ($) per cwt. 

Days Rate Herd Size Herd Size Herd Size 
System Worked (%) 30 100 300 30 100 300 30 Diff3 100 Diffl 300 Diff3 

Natural 2 4 12 56 34 34 12.91 7.79 7.79 
Service 
CO-Synch 3 40 3 7 70 59 50 13.93 (1.02) 11.50 (3. 71) 9.48 1.11 

3 50 2 6 70 51 48 13.41 (0.51) 9.04 (1.25) 8.32 (0.53) 
3 60 2 5 70 51 45 12.90 0.01 8.53 (0.74) 7.16 0.63 

MGA/PGF 6 40 3 7 58 46 36 11.20 1.71 8.41 (0.63) 6.21 1.58 
6 50 2 6 60 39 35 11.20 1.71 6.47 1.32 5.56 2.23 
6 60 2 5 62 42 35 11.20 1.71 6.46 1.33 4.91 2.88 

Select Synch 9 40 3 7 65 51 41 12.75 0.16 9.68 (1.90) 7.33 0.45 
9 50 2 6 67 45 40 12.75 0.16 7.74 0.05 6.68 1.11 
9 60 2 5 69 47 40 12.75 0.16 7.73 0.06 6.03 1.76 

a Diff =difference between natural service and breeding system, S/cwt 
Adapted with permission from Johnson et al. 2003 

thirds of the cows (n = 251) were subjected to an estrus syn­
chronization protocol suit~1hle for a fixed-time insemination 
(SYNC). On Day -9, c<w.:s \Vere administered gon~Jdotropin­
rdeasing hormone (<.;nRH; 100 ug: Cystorelin@, rvlerial) and 
7 days later ,,·ere administered 25 mg of prostaglandin F2a. 
(PG: Lutalyse E·. Phannacia & UpJohn, Kalamazoo, .MI ). Cows 
were administered a '.econd injection of GnRH and were arti­
ficially inseminated on Day 0. On Day 10, cmvs \vcre ex­
posed to natural service for 50 clays. Bull-to-cmv ratio \Vas 
1:50 females in d1e ~YNC group. The remaining cows (n = 

100) \Vere exposed Lo natural service for 60 days (~AT). The 
bull-to-covv r~uio in the 1\AT treatment was 1:2"5. The hull-to­
cow ratio vYas different between the SYNC and :'\AT groups 
lx:cause we anticipated that approximately one-half of the 
cows in the S'rl\C group would conceive to AI. To verify date 
of conception. pregnancy was diagnosed on Day 90 using 
transrectal ultrasonography. 

To determine return on investment, all costs associated 
with th~.:: estru'> synchronization and AI vverc recorded and are 
summarized in Table 6. Labor \Vas determined by rL'Corcling 
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Table 6. Cost of AI 
Item 
GnRH 
Prostaglandin 
Technician 
Semen 
Labor" 
Total 

Cost per cow 
$4.00 
$4.00 
$5.00 

$10.00 
$2.88 

$29.88 
a 8.6 hours X 3 working days X 4 workers X $7.00 per hour for 251 

cows 

amount of time required to bring the cattle to the COITal. work 
the cows and then return them to the breeding pastures. Four 
laborers \Vcrc used, three trips through the chute, and an 
hourly '\vagc of S/.00 per hour. To determine differences in 
revenu~.::, cdvcs \\rere weighed at '"'eaning and the differences 
in \\Tight available to market \\/ere clctL·rmincd. Calves from 
both treat111cnts were given a value of $80 nvt. 



Differences het'\Veen treatments \vere determined using GUvl 
procedures of SAS. Differences between treatments in propor­
tional data were determined using Chi Square analysis. 

The results of this trial are shown in TatJle 7. More (P > 
.05) cows calved in the SYNC group than in the :\AT group 
and more (P > .05) cows calved in the first 30 days of the 
calving season in the SYNC versus th{: :-JAT treatment. The 
average elate of calving was earlier (P > .05) in the cows in 
S\':-JC than in the NAT group. The average weaning weight of 
calves was heavier (P > .05) from cows in the SYNC than 
from those in the :.JAT group. The increase in percent calf 
crop weaned and \vcaning weight increased the pounds of 
calf weaned per cow exposed by nearly 110 pouncLs. 

Return on investment is shown in Table 8. Revenue in­
creased by $99.62 in the Sl:'NC group. This increased revenue 
\vas achieved by investing $29.88 per cm:v. Therefore the re­
turn on investment for the estrus synchronization and AI \Vas 
$69.74. This return does not include savings associated with 
reduced bull costs. One-half the number of bulls ·was used 
per cmv in S\1\C group than in the NAT group. If savings on 
bull purchases an.: included, the ren1rn on investment increases 
to $129 per cow. These short-term increases in revenue are 
quite attractive, but the long-term effects of increasing cow 
productivity by rt:taining the heifers sired by proven sires are 
not apparent. 

Table 7. Results of Short-Term ESAI Trial 
SYNC NAT Diff 

Cows 251 100 
Calving Rate 90% 81% 9% 
% Calving 1st 30 85% 62% 23% 

days 
Mean Julian date of 74 ± .4 84 ± .7 10d 

calving 
% calf crop weaned 88% 79% 9% 
Weaning age 210 ± 9 200 ± 12 10 d 
Weaning Weight 576.9 ± 18.1 504.8 ± 21.2 72.61bs 
Lbs. calf 507.9 398.4 109.5 lbs 

weaned/cow 
exposed 

Table 8. Increased Revenues from ESAI 

Weaning Weight 
%Calf crop 

Total Revenue 

Return on 
Investment 

Revenue 
72.6 poundsx $80 cwt = $58.08 
9% more calves x $80 cwt = $41.54 

$99.62 

$99.62 - 29.88 = $69.7 4 
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Long-term Effects of Estrus 
Synchronization and AI 

:\o data is available that addresses the long-term impac.t of 
estrus synchronization and AI in commercial beef cow-calf 
oper::Hions. A Trial was designed to examine the long-term 
effects of incorporating estrus synchronization and AI into a 
beef cow-calf operation. The data \~vere collected on a single 
cow-calf operation from 1991 to 2003. Data collected from 
1991 Lo 2000 serve as the baseline or control. During this time 
period, approximately 45 females (35-40 co\vs and 5-8 heif­
ers) WLTe exposed to a 60-day natural service season. Two 
bulls \\'l..Te used each year. The breeding system used \vas a 
t\Vo-breed rotational system using Angus and Charolais bulls. 
The average performance of this herd is illustrated in Table 9. 

The breeding system was changed to determine the effects 
of estrus synchronization and AI. All females were subjected 
to an estrus synchronization protocol suitable for tixed-time 
insemination (CO-Synch). Females were inseminated to bulls 
from maternally-oriented breeds (Angus ·and Hereford). Charo­
lais-cross co\vs were inseminated to the Angw:. sire and An­
gus-cross cows were inseminated to Hereford bulls. Ten days 
after AI, cows were exposed to a 50-day natural service sea­
son. The natural service sire was from a tenni 1allv-orientecl 
breed (Charolais). Replacement heifers with AI-sire~ were re­
tained. All calves sired by the terminally-oriented sire \Vere 
marketed. This trial is in the third year of a ten year study. 
Data reponed \vere analyzed using the Cow Herd Appraisal 
System (CH.APS) and the Srandardizecl Performance Analysis 
(SPA) sofrvvare programs. . 

Table 9. Effects of ESAI on Production Efficiency and 
Profitability in a Medium-Sized Herd 

Avg from 
1991 to 

2000 2001 2002 
No. of females exposed 45 45 44 
Calving Rate Percentage 82% 95% 93% 

(#Cows Calving/# Cows 
Exposed) 

% Calf Crop Weaned 74.5% 91%. 86% 
WW Average (pounds) 
Steers 525 542 556 
Heifers 484 514 482 
Sale Weighr 
Steers 554 588 600 
Steer Sale Price (per cwt) $77.00 $88.00 $83.00 
Lbs of calf weaned per cow 381.2 481.4 448.2 

exposed 
#Cows Sold 5 9 6 
Cash Cow Costs $235.38 $285.82 $292.26 
Net Profit per Cow Exposed $57.75 $116.62 $76.83 

(Cash sales per cow- cow 
cost) 

a Calves were backgrounded for approximately 25 days prior to 
marketing 



The results from the first t\vo years of the trial are shmvn 
in Table 9. Incorporation of estrus synchronization and AI 

increased tlw percentage of cows that calved, percent calf 
crop weanvd, and the average \Veaning \veight of the steer 
calves. Thc .... e incre~tses lead to a marked improvement in 
pounds of lalf weaned per cow exposed. The increases in 
production dTiciency led to increased profitability. l'\et profit 
per cmv expl)sed to the bull doubled in the first year and \vas 
$20 per cm,· higher in 2002. \X'e anticipate that productivity 
and profitability will continue to increase as the AI-sired fe­
ma \es enter the breeding herd. 

19 

Conclusions 
Inclusion of estrus synchronization and AI is a profitable 

enteq)rise for commercial beef cmv-calf operations. The short­
term returns on investment were approximately $70 per cow 
simply by increasing reproductive efficiency and thus d1e 
pounds of marketable calf. Additional short-Lerm increases in 
revenue exist if the producer retains ownership. Data from 
the Angus Association demonstrated that the carcass value 
was $206 per head greater for sires from the top lO% than the 
bottom 1()13'1J for ctrcas.s value. Therefore, if the calves pro­
duced from the herds used in the above trials were from sires 
that were only average and the bulLs used for AI ·~.vere in the 
top 1 ()!};:, and the cattle ~vere marketed on the grid, an addi­
tional Sl00-$125 per cilf is profited. The key m capturing the 
greatest potential profit is to utilize alternative marketing sys-_ 
rems. l Iowever, even in a commodity market. inclusion ot 
F.SAI is a profitabk rather than costly venture. 



The Fesctle Toxicosis Stoty-An Update 
CarlS. HolJelcmd, The Uniuersity of Georgia 

Origin of Tall Fescue 
Tall fescue (Festuca arzmdinacea) is the most important 

cultivated pasture grass in thl' USA, occupying over 35 mil­
lion acres. It is a native of Europe but is of minor importance 
there. It is not known '\vhen tall fc:scul' was first introduced 
into the USA but it was being tested in several slates by the 
late 1800s (Buckner et a!., 1979). However, rail fescue usage 
remained low until release of the Kentucky 31 cultivar. It is 
an ecotype found growing in a steep mountain pasntre of 
eastern KennKky which was known to have been there prior 
to 1890. Dr. E.N. Fergus. a professor at the L"niversity of Ken­
tuCK).', saw this pasture in 1931 and was impressed that the 
grass remained green all \Vinter so obtained seed for trials. 
Kenmck-y 31 \vas released as a cultivar in l9ci3 (Fergus, 1952). 
This grass was dependable. adapted to a wide range of soils, 
and provided grazing over much of the year. As news spread 
that this wonder gr..1ss persisted across the southem USA where 
no other cool season perennial grass v .... as adapted, demand 
for seed exploded as it was widely pbnted during the 1940's 
and 1950's. This was a remarkable ecological change as tall 
fescue transformed the landscape vvhich was previously mostly 
barren and brown during the \Vinter season. In addition to 
the v.:idespread planting of tall fescue for pasture and hay, it 
also became popular for roadside and turf use. 

Fescue Toxicity Problems 
Tall fescue soon gained a reputation for livestock health 

problems, resulting in poor performance (Pratt and Haynes, 
1950). Over time, three separate syndromes were associated 
with tall fescue (Ball et a!., 2002): 
a. Fescue foot. In the upper South and Mid~vest, cattle symp­

toms include elevated respiration rate, and gangrene that 
resulted in loss of hooves, rails, and ears. This syndrome 
occurs mainly during cold weather. 

b. Bovine fat necrosis. Hard fat accumulate along 1 he intesti­
nal tract, resulting in upset digestion and difficult binhs. It 
is associated with high rates of nitrogen fertilization mainly 
from poultry litter or other manure. 

c. Fescue toxicity. This syndrome is much more widespread 
over the entire tall fescue region with general symptoms in 
cattle of failure to shed the \Vintcr h~tir coat, intolerance to 
hcat, poor animal gains. and reduced pregnancy rates. These 
symptoms are most severe in warmer weather. In horses, 
mares have serious reproduction problems with prolonged 
gestation, dystocia, agalactia. and abortions. 

Determining the Cause 
of Toxicity Problems 
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J.K. Underwood and co-workers in Tennessee noted with 
great insight th:u the animal symptoms were similar to ergot­
ism but they eliminated this possibility because there \Vas no 
ergot in tall fescue seed heads (unpublished, 1954). Surpris­
ingly, this clue was not followed up. Insread, research was 
concentrated on external plant fungi, plant alkaloids, anions, 
and toxins produced in the rumen during the 1950's-1970's 
(Bush et a!., 1979). This consumed a great deal of scientific 
time and money \Vith nothing to show for it. The breakthrough 
came when Dr. joe Robbins. a toxicologist at the USDA Russell 
Research Laboratory in Athens, GA, examined a tall fescue 
pasture with cattle suffering fescue toxicity symptoms and 
found 100% of the plants infected wilh a fungal endophyte 
while pastures with cattle in good condition had a much lo'\\rer 
infection rate (Bacon et al., 1977). This evidence of the fungal 
endophyte as the causal agent of toxicity was confirmed in 
two central Alabama replicated grazing trials ha,'ing lov~' and 
high endophyte infection levels (Hoveland d al., 1980; 
Hoveland er al.. 19k3). 

Vasoconstriction with decreased blood tlow to peripheral 
tissues and reduced blood serum prolactin, typical of fescue 
toxicity, suggested an :tlkaloid as the problem (Cross, 2000). 
A number of ergot alkaloids were isolated from endophyte­
infected plants (Bacon and Siegel, 1988) and ergovaline was 
assumed to be the one most responsible for animal toxicity 
(Lane et a!., 1997l. However, research by Hill et al. (2001) 
indicates that transport of the ergopeptine alkaloid ergovaline 
across rumina! gastric tissue is low as compared to the simple 
ergoline alkaloids lysergic acid and lysergol. This indicates 
that we are closer to defining the toxic agent or agents re­
sponsible for fescue toxicity and possibly developing some 
blocking technique in the animal ntmen. 

Beef Cattle Response to the Endopltyte 
Beef steer gains in six grazing trials on lmv endophyte tall 

fescue were 30°1(, to over 1 OQIYo more than on gra:--s with a high 
level of endophyte infestation (Stueclemann and Hoveland, 
1988). Unfortunately. none of the grazing trials had endo­
phyte-free (E-) and infected (E+) tall fescue from the same 
genetic source \Vhich may partially account for the large vatia­
tion in animal response. \\/here the same seed source was 
used in a 3-yr central Georgia grazing trial, steers on the Jesup 
cultivar with 1 q;,) endophyte infection had an ADG of 2.27 lh 
but with 89~;(1 infection it was 0.81 lb, or only about one-third 
(Hovelancl eta!., 1997). Steers onE- tall fescue are tolerant of 
heat, graze throughout the day. shed their wintei hair coats in 
spring, and are more active than steers on E+ grass. Visible 



signs of the syndrome increase with higher temperatures, but 
poor gains occur throughout the year on E+ tall fescue. The 
effects of f!razing E + versus E- ta II fescue pasture during 
stockering un subsequent gains in the feedlot arc not clear. 

Seve:al srudies indicate that beef steers previously grazing 
E+ talllescU<_• had compensatory gains in the feedlot (Cole et 
a!., 1987; .McDonald eta!., 1988; Lusby ct a!., 1990). However, 
other scientists (Hancock et al., 1987: Duckett et al., 2001) 
found no compensatory gains in steers previously grazed on 
E + pastures. 

Beef cows on E+ tall fescue are often thin and in poor 
condition, etkecl ·with mud, and spend excessive amounts of 
time in shade or water. Pregnancy rate of beef cows (espe­
cially first-calf heifers) may be reduced by 40 to 6oo!t1 (Essig er 
a!., 1989; G~ty et al., 1988; .\kDonald, 1989; Porter and Th­
ompson, 1092). Calf weaning \Veighrs may be decreased bv 
60 to 70 lb. a result of both reduced milk production bv covv~ 
and consumption of toxic tall fescue forage by calve~. Milk 
production of beef cows onE+ grass mav be reduced bv 30% 
or more. Beef cattle losses in the CSA i1ave been con~erva­
tively estimated at well over $600 million annually from re­
duced calf numbers and lower weaning '\Veights (Hoveland, 
1993). 

Biology of the Fungal Endophyte 
The fungus (Neo!Jpbodium coellojJbicllu nz) lives its entire 

life cycle within the plant, thus being called an endophyte. 
Unlike most fungi, this one is not visible externally on the tall 
fescue plant. l\-early all tall fescue p~1sturcs have a high levd 
of infected plants. It is spread only through inJected seed. 
This means that tall fescue pastures free of the endophyte 
will remain that way for a long time if \Veil managed. How­
ever, invasion of an E- pasture can occur from imrocluction of 
infected seed in hay or by cattle that have previously grazed 
seed in an E+ tall fescue pasture. Storage of E+ seed under 
ambient temperature and humidity generally results in death 
of the endophyte within a year. 

A mutualistic relationship exists bdween the endophyte 
and host pbnt, (Bacon and Siegel, 198H). The benefits for the 
endophy1e include food, protection within the plant, and dis­
semination through the seed. In return, the host plam re­
ceives impnn·ed drought tolerance through better root devel­
opment and better water conservation in the plant, tolerance 
to pests, improved utilization of nitrogen, and greater seed­
ling vigor and growth potenti<tl ( Lttch, 1997). Drv matter in­
take by cattle grazing cattle E+ t<tll fescue is 24 ;o 44% less 
than for cattle grazing F.- tall fescue, re-sulting in less severe 
grazing pressure (Stuedemann el al., 19H9). rn addition, cro\vns 
of E+ tall fe,'-'cue plants are buried deeper in the soil than E­
plants, giving added grazing protection (Hill et aL 1990) \X-'ith 
all the benefits of the endophyte, it is obvious that E- tall 
fescue is handicapped in a stressful pasture e-nvironment and 
less competitive with other plant species. 
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Endophyte-free Tall Fescue Cultivars 
\\Then the first E- tall fescue cultivar, 'AU Triumph' was 

released, it appeared to offer a solution to the livestock toxic­
ity problem (Hoveland eta!., 1982). Animal performance was 
excellent hut cattle producers who planted it reported that 
seedling vigor, grazing Lolerance, and drought resistance were 
much less than typical Kentucky 31 E+ tall fescue, resulting in 
stand losses, especially vvhen overgrazed in stressful environ­
ments. Improved cultivars are better but require careful man­
agement to avoid overgrazing during summer, a problem that 
is much worse in southern areas of tall fescue adaptation 
where heat and drought su·e..-s are often severe. 

Novel Endophyte (Non-Toxic) 
Endophyte Tall Fescue 

Bacon and Siegel ( 1988) first proposed that fungal endo­
phytes might be modified to produce only beneficial proper­
ties such as improved stress rolcr:.mce when inserted into an 
E- tall fescue plant to produce <t superior forage grass without 
any toxicity problems. The discovery in Ne~v Zealand (Latch. 
1997) of non-toxic endophyte strains made dlis possible. The 
first novel (non-toxic) endophyte tall fescue cultivar for com­
mercial usc \vas developed in cooperative research between 
scientists in Georgia, CSA and New Zealand (Bouton, 2000; 
Bouton et al., 200m. This is a difficult procedure as there are 
many strains of naturally occurring non-toxic endophytes, and 
they vary in their ability to work effectively with different tall 
fescue cultivars, making lengthy testing ~ecessary to deter­
mine the stress toler~mce of a particular endoph)-1e/rall fescue 
culrivar combination. 

Grazing trials to ascertain ~mimal performance of particu­
lar enc.lophyte/cultivar combinations are necessary but more 
important are grazing tolerance trials for 3 vr under stressful 
conditions to ascertain stand persistence and. competiti\'e abil­
ity. An effective method to do this is planting the various 
endoph)1e/cultivar combinations along with toxic E+ and E­
t:all fescue in replicated small plot trials into bermudagrass 
sod and imposing continuous close grazing bv cattle throuoh­
out the growing season for a minim~1111 of 3 \~r (Bouton et ~1.. 
2002). Unless potential novel endophyte cultivars have been 
evaluatecluncler rigorous testing over time, d1ere is no assur­
ance they will be durable in farm pastures ,~vhere overgrazing 
and competition from other grasses is likely to occur. 

MaxQ was the first novel endophyte tall fescue cultivar 
available to cattle prmJucc-rs. Grazing trials with lambs, beef 
steers, and bed cmvs have shown that animal perfom1ance is 
similar to that on E- tall rescue. Beef steers on MaxQ gained 
0.9 lb/cby and 200 lb/A more during spring than steers graz­
ing toxic E+ grass in Georgia for 2 yr (Bondurant er al., 200la). 
Grazing behavior on MaxQ, toxic E+. and E- tall fescue pas­
ture were collected on steers equipped with automatic jaw 
and leg movement sensors, and data recorders (Bondurant et 
al., 200lbl. Steers on MaxQ and E-, as compared to toxic E+ 
tall fescue, had l"No more time grazing, 250..·0 more bites per 
clay, and 25% higher imake. The E+ steers spent 28% more 



time idling in the shade and consumed 40o/o more water. \\lith 
beef cows the calf \Veaning weights on l\hxQ, as compared 
to toxic E+ tall fescue pasture, were 75 lh higher for .steers 
and 60 lb for heifers (Watson ct al., 2001). MaxQ stand persis­
tence in closely grazed bermuclagrass in four trials at two 
Georgia locations have ranged from 80 to 90% of toxic E+ tall 
fescue as compared to 20% for E- tall fescue (Bouton et al., 
2002; also unpublished data). 

Marketing of Novel Endophyte 
Tall Fescue Seed 

Distribution of novel endophyte tall fescue seed poses po­
tential problems for the livestock producer and additional costs 
for seed firms. Endophyte survival in tall fescue seed gradu­
ally declines to about zcro during normal storage in \vare­
houses for a year. Thus, unsold seed which are carried over 
for sale the following year will, in addition to reduced vigor 
and germination, not contain the living novel endophyte with 
its benefits to the plant. For the buyer, it is imperative that he/ 
she knows the level of living novel endophyte in the seed at 
time of purchase and that it be guarantced by the seed firm. 
For the seed company to do this, the price of novel endo­
phyte seed '"'ill need to be higher to cover losses from unsold 
carryover seed ·which can only be sold as cheaper common 
E- tall fescue seed with no claim to superiority. Seed compa­
nies unwilling to make such a guarantcc should be avoiclccl; 
however, it is likely that they will have customers because 
they can offer novel endophyte seed at a lower price. 

Practical Solutions to 
the Toxicity Problem 

Livestock toxicity problems on tall fescue pastures vary 
greatly among farms. Since most Kentucky 31 tall fescue pas­
tures have a high level of endophyte infection, the main rea­
son for this variation is probably a result of differences in 
amount of pasture dilution by other plant species. Tall fescue 
pastures may be mixed \Vith varying amounts of bcrmudagrass, 
orchardgrass, timothy, Kentuch.)l bluegrass, or white clO\·er. 
Palatable v.•inter weeds such as chickweed and little barley 
dilute pastures in late \Vinter and early spring. During sum­
mer, volunteer crabgrass is often an important component of 
tall fescue pastures. There is no question that fescuc toxicity 
problems would be much more serious if crabgrass were ab­
sent from pastu re.s. 

Various options can be used \Vith a range in cost and ef­
fectiveness (Ball et al., 2002). The choice will depend on the 
type of livestock operation, expectations, and management 
ability. Some of the least expensive options are often adequate 
for beef cmv herds and greatly ameliorate or eliminate canle 
toxicity problems. 
a. Pastures can be managed to favor other grass species such 

as bennuclagrass to dilute the toxic E+ tall fescue (Chest­
nut et al., 1991). 

b. Mowing of seed heads in spring will reduce intake of the 
highly toxic seed by canle (Rottinghaus et al. 1991). In-
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fected tall fescue seed are substantblly more toxic than 
leaf tissue (Schmidt et al.. 1982). 

c. Set.:ding of legumes such as white clover, red clover, an­
nual lespedeza, or alfalfa into pastures will dilute the tox­
icity problem and greatly improve animal performance (Ellis 
et al., 19H3; Hovelancl et al., 1981; Mc.Vlurphy et al., 1990). 

cl. l\-'loving canle off toxic tall fescue pastures to warm season 
grasses during late spring and summer may be a viable 
alternativc <Joost, 1995). 

e. Feeding hay other tlun toxic tall fescue such as 
orchardgrass. timothy, bermudagrass, :1lfalht, or red clover 
greatly reduces the toxicity problem in winter. 

f. Ammoniation can reduce the alkaloid coment of toxic E+ 
tall fescue hay and improve animal performar:ce (Chestnut 
et al., 1987: Kerr et al., 1990). 

g. Grain feeding is also beneficial for cattle grazing toxic E+ 
tall fescue (Aiken and Piper, 1999; Crawford et al. 1989). 

h. The most effective but also the most costly solution is re­
plaming pastures \Vith novel endophyte (non-toxic) tall fes­
cue (Ball et al., 2002). This is a major decbion <IS it in­
volves completely destroying exisring toxic pastures and 
replanting them. The time required for destruction andes­
tablishment may prevent use of the pasturc for sLx to nine 
months. \Vhere pastures are being used for grovdng ani­
mals as in a beef stocker operation, replanting is highly 
dcsirable as the cost is quickly repaid. 

Implications 
Although tall fescue pastures suppmt more beef cattle than 

any other grass in the USA, the fung~d endophyte which 
contributes to its success in stressful environments adversely 
affects animal performance. The various syndromes caused 
by toxic alkaloids from the fungal endophyte are widespread 
and a serious economic problem in the USA beef cattle indus­
tty. Most cattle producers suffer losses and many accept tl1em 
as a normal part of their operation. Fortunately, much progress 
has been made in research on this problem and finding solu­
tions. Today, a number of options are available to cattle pro­
ducers that can eliminate the problem or greatly ameliorate it. 

Low cost options include diluting roxie pastures wirh clo­
vers or other grasses, mmving off sceclheicls, moving cattle to 
warm season grass pastures during summer, aiTUlloniation of 
hay, or feeding hay other than toxic tall fescue. The most 
effective and most costly option is destroying toxic pastures 
and replanting with novel (non-toxic) endophyte tall fescue, 
a dependable solution ro eliminate the toxicity problem. 
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Tall Fesctte Endophyte Toxicosis in Beef Cattle: Clinical Mode 
of Action and Potential Mitigation tl1rot1gh Cattle Genetics 

Richard Browning. Jr .. Ph.D., Coopemliue Agn'cul/uml Research Program, 
Tennessee State [fniz•ersi(r. Nashville, TN 3 7209-7561 

Introduction 
T:11l fescue (Festuca anmdinacea Schreb.) is the most com­

monly used cultivated grass in the Cnited States to feed beef 
cattle. Tall fescue is a cool-season perennial grass that many 
cattle producers ·can't live vvith, but can't live without' be­
cause of it-; h~trdiness and good forage yields, but aclv<:rse 
effects on cattl<: well-being and yi<:lds. The history of this 
forage and its effects on animal performance have been ex­
tensively reviev.red ( Hemkcn et al., 1984; Bacon et al., 1986~ 

Stuedemann and Hovelancl, 1988: Porter and Thompson. 1992~ 
Smedemann and Thompson, 1993; Porter, 199ci; Bacon, 1995; 
Paterson et a!., 1995). Tall fescue was unintentionally intro­
duced from Europe sometime in the ltiOOs. Early university 
research on growing tall fescue in the L.S. b<:gan betwe<:n 
1907 and 1 91H in Oregon and in Kentucky in 1931 (Alderson 
and Sharp. 1993). Tall fescue, primarily the Kcntucky-31 vari­
ety, \vas planted across the U.S. throughout the 1940s and 
1950s bectuse of its excellent growth under various environ­
mental st rl·-;sors. Tall fesCUL' may be found across the eastern 
lulf of the U.S. and the Pacific Northwest covering an esti­
mated :25 to 40 million acres of pasture and hayland. It has 
been estimated that over 901~·() of rail fescue pastures in the 
U.S. arc infected with the fungal endophyte Nco(}pbodium 
coenophiolum (Bacon and SkgeL 198H: Gknn et al., 1996). 
Tall f<:scue and th<: endophyte share a natural, symbiotic rela­
tionship. The endophyte protects the host plant from envi­
ronmental ;.;tres.sors such as drought, insects, nematodes. dis­
ease pathogens, and grazing by herbivores such as c.mk. 

After widespread adoption of tall fescue in the 1940s, man­
agers start~:cl to notice problems with the well-being and pcr­
fonnance of their cattle. These probkms began to be docu­
mented during the 1950s ( \\lalls et al., 1970; Stuedemann and 
Hovelancl, 19HtD. The threL' general problems asS()(.'iated \Vith 
endophyte-infected tall fescue consumption by carrie are fes­
cue foot. Ltt necrosis, and fescue toxicosis. F<:scue foot is a 
condition in which cattle become lame wid1 potential slough­
ing otT of the hoof. The tips of the tail and ears may also be 
lost. Insufficienr blood flow to the extremities results in fes­
cue foot ~md generally occurs during winter months. Fat ne­
crosis is tilt· dcvdopment of hard fat deposits in the alxlomen 
that can interfere with digestion or parturition. Fescue foot 
and fat t1t'crosis ar<: relatively infrequ<:nt occurrences. Fescue 
toxicosis is a multifaceted syndrome that is pervasive in tall 
fescue-bas<:d bed production s·ystems across the Southeast 
and .\fichn:st. extending \vest to eastern regions of the south­
ern Great Plains. Cattle exp<:riencing fescue toxicosis may 

exhibit rough hair coats, heat stress, suppressed appetite. poor 
growth, or reduced calving rates. 

F<:scue toxicosis is not a lethal condition and may he sub­
clinical with the only sign being poor growth or lmv preg­
nancy rates. Ald1ough endophyte infection of tall fescue \Vas 

first recognized in the early 1940s (Neill, 1941), it \Vas not 
until the late 1970s that the link was made between poor 
animal performance and presence of the endophyte in tall 
fescue (Bacon et al.. 197/l. ='Jumerous studies have since dem­
onstr~tted the adversc effects that endophyte-infected tall fes­
cue can havc on beef cattle performance (Table 1; Paterson et 
al., 1995; Ball, 1997). The nutritional quality of endophyte­
infected tall fescue is comparable lo other similar forages and 
is not an intlu<:ntial factor in most studies. Fescue toxicosis 
costs the l~.S. beef industry an estimated S500 million to 51 
billion annually in lost revenue because of reduced repro­
ductive and gro\\1h rates in cattle herds. 

Clinical Mode of Action 
The search for the causative agent(s) of tall fescue toxico­

sis has been ongoing since animal disorders were first recog­
nized. These efforts preceded identification of the fescue en­
doph)rte as a key component of the toxicosis scenario 
(Jacobson et al., 1963; \·Valls et a!., 1970). It is now under­
stood d1e endophy1e produces numerous chemical compounds 
responsible for the hardiness of tall fescue under environ­
mental stress (TePaske et al., 1993; Porter, 1994. 1995 >. Vari­
ous compounds isolated from endophytic fescue have been 

Table 1. Post-weaning growth and pregnancy rates for beef 
cattle on high endophyte-infected tall fescue versus low 
endophyte-infected forage a averaged across studies. 

Reference 

Thompson et al., 1993 
Paterson et al., 1995 
Multiple reportsb 

Paterson et al.. 1995 
Burke et al., 2001 
Multiple reportsc 

Studies Low High 
reviewed Infection infection 

12 
12 
8 

4 
16 
3 

Growth Rate, pounds 
per day 

1.52 1.11 
1.63 0.92 
1.69 0.81 

Pregnancy Rate, % 

87 59 
78 60 
83 64 

a Low-infected forage= low endophyte-infected tall fescue, 
endophyte-free tall fescue, or alternative forage. 

b Cole et al., 2001; Bouton, 2002; Andrae, 2003. 
Fanning et al., 1992; Peters et al., 1992; Best et al., 2002. 



tested over the years to determine their likely comribution to 
toxicoses in cattle <Thompson and Poner, 1990; Strickland et 
al., 1993). Ergot alkaloids have emerged as the generally ac­
cepted toxic agenrs of the tall fescue endophyte. Of the ergot 
alkaloids, ergopt:ptides and lysergic acid amides have received 
the most research attention, primarily the ergopeptides. 

The basic chemical structure of ergot alkaloids is very similar 
to dopamine, noradrenaline. and serotonin (Bet-cle and Strumer, 
1978; J\·luller-Sclnvdnitzer and \veidmann, 197H). These three 
compounds are neurotransmitters normally found in the body 
that regulate a myriad of physiological traits such as appetite, 
cardiovascular function, endocrine activity, gastrointestinal 
motility. muscle contraction, and temperature regulation. Er­
got alkaloids have diverse pharmacological propenies because 
they arc able to interact with dopaminergic, ~tlpha-adrener­
gic, and serotonergic receptors in the body (Bet-cle and Strumer, 
1978; :vtuller-Schweinitzer and \veiclmann, 197R; Penz and Eich, 
1999). Some neurotransmitter-regulated physiologic1l traits are 
altered after grazing endophyte-infected tall fescue because 
of the pharmacological activities of ergot alkaloids consumed 
(Oliver. 1997). 

Ergovaline is the most abundant ergopeptidc detected in 
endophyte-infected tall fescue (Belesky eta!., 1988). As such, 
testing of fescue samples for ergovaline concentration is clone 
in an attempt to indicate the toxic potentbl of tall fescue pas­
ture or hay (Schnitzius et al., 2001). In the laboratory, ergovaline 
caused vasoconstriction in isolated bovine tissue (Dyer, 1993 ). 
Vasoconstriction is considered the reason animals suffering 
from fescue toxicosis experience lowered peripheral skin tem­
perature. Peripheral vasoconstriction reduces blood tlow to 
the skin, thus lowering skin temperature. Reduced blood flow 
to the extren1ities can also result in fescue foot. Purified 
ergovaline, administered intravenously, altered cardiovascu­
lar function, reduced skin temperature, and induced heat stn:ss 
in sheep \vethers and horse geldings (Bony et al., 2001: McLcay 
et al., 2002). Similar studies of purified ergovaline effects on 
cattle have not been published. 

Ergotamine is an ergopeptide found in endophyte-infected 
rail fescue at lo\ver levels than ergova line (Yates et al.. 1985 ). 
Ergotamine and ergovaline have similar structures and phar­
macocl ynamic properties (Porter, 1994; Larson et al., 1999; 
Scheming et al., 2001). McLeay and co-\vorkers ( 2002) found 
that ergotamine and ergovaline had similar effects on cardio­
vascular and thermoregulatory function in sheep. Several stud­
ies have been conducted \vhere cattle have been treatt:cl with 
purified ergotamine. Ergotamine administered to cattle intra­
muscularly !mvered tail skin temperature (Carr and Jacobson, 
1969). In the lab, ergotamine caused vasoconstriction in iso­
lated bovine tissue (Solomons et al. 1989). Vasoconstriction 
'\vould explain lowered tail skin temperature. Osborn ct al. 
(1992) demonstrated that consumption of ergotamine by steers 
induced physiological changes that were similar to responses 
in steers that consumed endophyte-infected tall fescue. These 
changes included decreased feed intake and peripheral skin 
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temperature, increased rectal temperatures and respiration 
rates, and reduced \veight gain (Table 2). In a series of stud­
ies where cattle were administered ergotamine intravenously, 
the ergopeptine alkaloid significantly altered vital signs (e.g., 
increased blood pressure and respiration rates. reduced tail 
skin temperature; Browning and Leite-Browning. 1997: Brown­
ing, 2000) and plasma concentrations of metabolic hormones 
(e.g., increased thyroid hormone, reduced insulin; Browning 
et al., 199Sa, 2000) and reproductive hormones (e.g., increased 
prostaglandin F.:alpha, reduced luteinizing hormone: Brown­
ing et al., 199Sb, 2001). 

The effects of purified ergovaline and ergotamine on carrie 
physiological status are generally consistent with the perfor­
mance problems observed in cattle grazing endophyte-infected 
tall fecsue. These research finding help to justify the monitor­
ing of ergovaline levels in tall fescue intended for use in cattle 
diets. The ability of dietary ergovaline or any other ergot al­
bloid in endophyte-infected tall fescue to affect an animal is 
dependent on the alkaloid crossing the gastrointestinal tract 
after ingestion and entering the bloodstream. One of the fnrs­
trat ions in the area of bovine fescue toxicosis research has 
been the inability to detect ergovaline or similar ergot alka­
loids in the blood of cattle grazing endophytic fescue. Recent 
work suggests that very little ergopeptide crosses the gas­
trointestinal tract and the primary ergot alktloids transported 
across gastrointestinal tissue are lysergic acid and lysergic acid 
amides (Hill et al., 2001 l. Lysergic acid amiJes (ergine, er­
gonovine) elicit similar physiological responses as ergopeptides 
in terms of vasoconstriction in isolated bovine tissue (Oliver 
et al., 1993) and altered vital signs and hormone profiles in 
cattle (Browning and Leite-Browning, 1997, Bro'>vning et al., 
1997, 1998a.h). The results of Hill and coworkers (2001) have 
caused some to question the validity of a commonly held 
position th~tt ergovaline is the primary toxin of endophyte­
infected tall fescue. Dau showing that orally administered 
ergotamine induced signs of fescue toxicosis (Osborn et al., 
1992: Table 2 I suggest that dietary ergopeptides or hioactive 
crgopeptide metabolites cnter the bloodstream and rend to 

support the vie\V that ergovaline is a significant toxin of en­
dophyte-infected tall fescue to contend '>Vith. 

Table 2. Signs of fescue toxicosis induced in steers fed 
endophyte-free tall fescue with ergotamine added to the diet. a 

Traitsb 

Skin temperature (tail tip), "'F 
Rectal temperature. '" F 
Respiration rate, breaths per minutec 
Feed intake, pounds per day 
Weight gain, pounds per day 
a Adapted from Osborn et al., 1992. 

Ergotamine 
in the diet 

No Yes 

96.1 91.4 
103.1 104.5 

72 90 
12.5 6.4 
1.23 -1.03 

b Difference between diets for each trait was statistically significant 
(P< 0.05). 
At high ambient temperature (89.6,F). 



Control Through Cattle Genetics 
Direct economic impact of fescue toxicosis is generally lim­

ited to cow-calf and stocker operations. Cattle from endo­
phyte-infected tall fescue grazing systems do not exhibit poor 
performano .. · when moved to the feedlot (Beconi eta!.~ 1995; 
Drouillard and KuhL 1999; Cole et al., 2001 ). Some fescue­
grazed cattle exhibit compensatory gains that are economi­
callv beneficial to feedlot operators. Thus, the seedstock, com­
mel:cial cow-calf, and yearling/stocker segments have a fi­
nancial incentive to seek \Vays of minimizing or eliminating 
the problem. Researchers have sought to devise methods of 
alleviating fL·scue toxicosis on t\VO fronts, forage management 
and animal management. 

Forage Jknzagement. 
The pasture man~lgement approach is aimed at reducing 

or eliminating dietary ergot alkaloids. Suggested forage man­
agement strategies used by producers to combat fescue roxi­
cosis include: n replacing endophyte-infected tall fescue with 
low-endophyte tall fescue, endophyte-free tall fescue or other 
grass species for grazing or hay, 2) diluting endophyte-in­
fected tall tl:scue with other grasses or legumes, 3 l ammoni­
ating fescue hay, and 4> increasing stocking rates on endo­
phytic fescue pastures to prevent plant maturation and 
seedhead fonnation (Stueclem~mn and Thompson, 1993; Ball, 
1997). Ergot alkaloids are found throughout the tall fescue 
plant. but are highly concentrated in seed. These approaches 
have had limited success. The alkaloid-producing fungus 
makes cnck·phyte-infected tall fescut· a robust grass species 
that is highly competitive and lurd to replace successfully for 
grazing in many geographic loc·~nions. 

The currem focus of many plant scientists studying tall 
fescue is on genetic strains of endophyte with altered profiles 
of alkaloid production CPanaccione ct al., 2001; Bouton et al., 
2002>. These "non-toxic' or 'novel' endophytes \Vould pro­
duce alkaloids that provide pest and drought resistance to the 
host grass. hut not produce ergot alkaloids responsible for 
fescue toxic•.)Sis in livestock. Recently, tall fescue infected with 
a novel endophyte was commercially introduced that shows 
promise as ~l pasture managemenl opt ion for producers ( Bou­
ton, 2002; Andrae, 2003). Pasture management strategies, in­
cluding thl' planting of tall fescue vvith novel endophytes, 
will each he used to some extent in beef cattle operations 
across the country. However, the time and expense involved 
in pasture renovation, th~...· vast number of acres covered in 
endophyte-infected tall fescue. and the general relucunce or 
some managers to eradicate long-estahlishec.L vigorous stands 
of tall fescue in cattle pastures may limit \Yidespreacl imple­
mentation of any one practice. 

Animal Jlanagement. 

A lessor research focus has been on animal management 
procedures to help alleviate fescue toxicosis. Hecent efforts 
to address the problem through cattle management have ex­
plored various options such as ivennectin treatment, feed 
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additives or supplements. estrogen implantation, and vaccine 
development (Stuedemann and Thompson, 1993: Beconi et 
al.. 1995). Research on these techniques has nor progressed 
to the point of expecting any impending practical applica­
tions on an appreciable scale. Unlike endophyte-free tall fes­
cue or the recent emergence of novel endophytes on the plant 
side of the problem, there have not been developments of 
similar magnitude on the animal side. However, like in the 
plant research effort \vhere recent advancements \Vere ma?e 
bv exploiting genetic variability in endophyte populations tor 
aikaloid production, genetic variation in c:Htle populations 
mav be utilized ro manage against fescue toxicosis. 

Within-Bt·eed Genetic Selection. One animal genetics ap­
proach is to identify and select animals \Vithin a herd or breed 
that mav he less responsive to the toxic etlects of the endo­
phyte-i~fected tall fescue. In one study, Angus cows d1at had 
been managed on endophyte-infected tall fescue for the bet­
rer part of 10+ years were screened for susceptibility to fes­
cue toxicosis (Hohenboken et al., 1991). Results were incon­
clusive. A second study conducted by Gould and Hohenboken 
( 1993) attempted to validate a producer contention that a par­
ticular Hereford bull sired calves that were resistant to fescue 
toxicosis. The producer claim was not supported by the con­
trolled study. !\·lore rect.·ntly, researchers have worked to se­
lect and develop inbred lines of mice that would be suscep­
tible or resistant to fescue toxicosis. Indications are rhat the 
grm\lh and reproductive rates of 'resistant' mice were affected 
to a lesser degree comp:trcd to the 'susceptible' line after eight 
to t\vdve generations of selection (Hohenhoken and Blodgett. 
1997: ·wagner et al., 2000). I Imvever, the differences between 
the lines \vere nor dramatic and post-weaning gro\\·Th across 
diets was generally higher for the 'susceptible' mice. An ap­
parent reduction in genetic merit for post-weaning grO\Yth in 

the ·resistant' animals tended to erase any \Veight advam:1ge 
oained through their increased tolerance of an endophj-tic 
fescue diet. The mouse work did show that modest genetic 
changes for animal responsiveness to endophyte-infected wll 
fescue can be achieved. 

A limitation of within-breed or within-herd selection for 
beef cattle improvement and fescue toxicosis resistance. aside 
from a possible reduction in genetic merit for growth in a 
resistant line, is the time required to reach eight to twelve 
generations. There are probably cows herds today that have 
been managed and selected on fescue pastures for several 
generations. Individual animals in those herds may have ac­
quired some tolerance to the fescue endophyte indirectly 
through the selection of replacement breeding stock with 
desired levels of production \Vithin a fescue-based produc­
tion environment. Identifying those animals \Yould be diffi­
cult since no simple diagnostic test is available to meet that 
objective, but it may he possible. A preliminary report de­
scribes the screening of eight-month-old Angus bulls for rec­
tal temperature responses to high ambiem temperature and 
dietary endophyte-infected tall fescue seed (Lipsey eta!.. 1994 ). 
The bulls classified as being most "sensitive· or most 'tolerant· 
based on rectal temperature responses \Vere later used in a 



controlled breeding program. A diet contammg ergovaline 
caused higher rectal temperatures in calves sired by the 'sen­
sitive' bull compared to calves sired by the ·tolerant' bull. The 
history of the Angus sires used in the trial \vas not disclosed 
in the published abstract (Lipsey et a!., 1994). Identifying and 
selecting cattle for resistance to fescul' toxicosis is a challl'ng­
ing proposition for the producer and researcher alike, but 
should nor he discounted. Indirect selection i.s likely occur­
ring on farms using endophyte-infected tall fescue as the pri­
mary forage. 

Breed Differences on Endophyte-Infected Tall Fes­
cue. Heat stress is a \veil-documented consequence of fes­
cue toxicosis, especially during summer. Cattle suffering from 
fescue toxicosis often exhibit elevated respiration rates and 
open-mouth panting, incre~Lsed time spent under shade, cre­
ation of and lying in mud wallows, and decreJsed daytime 
grazing. These behaviors are attempts to dissipate excess 
body heat. Peripheral vasoconstriction hinders the loss of 
body heat through the skin, thus creating a build-up of in­
ternal body heat resulting in increased internal body tem­
perature (Al-Haiclary et al., 2001). Hyperthermia in cattle 
experiencing fescue toxicosis has led to experimentation on 
the potential of heat-tolerant gennplasm for cattle on endo­
phyte-infected tall fescue. 

Research on differences between heat-toleranr zmcl heat­
sensitive cattle breeds for responses to the tall fescue endo­
phyte has been limited. The few studies conducted have in­
volved stocker steers (Table 3). Goetsch et al. 0988) tested 
British breed crosses and Brahman crosses from April to July 
and from August to November. Reductions in steer growth 
rates over 12 \Veeks by endophyte-infection were deemed 
similar for both breeds in the spring and fall as breed x diet 
interactions were not significant. An exception was during 
the first si.x \Veeks of the fall season when a breed x diet 
interaction was noted as the grmvth of Brahman crosses was 
statistically less affected by the endophytic forage. Angus, 
Brahman x Angus, and Simmental x (Brahman x Angus) steers 
were examined from November to May by !vlc.\'lurphy et al. 
0990). A breed x diet interaction was detected for post-wean­
ing growth rates as half-blood Brahman steers were less af­
fected by high endophyte levels than straight Angus or quar­
ter-blood Brahman steers. Cole and coworkers (2001) did not 
detect a statistically significant breed x diet interaction for rhe 
growth of Brahman-cross and Angus steers when grazing fes­
cue pastures \Vith high or low endophyte infection levels from 
April to August. Numerical differences between the two geno­
types for responsiveness to high endophyte diet in the work 
of Cole et a!. ( 2001) were conspicuous (Table 3). Two pre­
liminmy stucliL·s comparing Angus x Brahman versus Angus 
or Hereford x Angus steers on high endophyte versus low 
endophyte or endophyte-free fescue from winter to summer 
did not find breed x diet interactions (Stuedemann et al.. 1989; 

Greene et a!., 199"i ). Unfortunately, post -weaning growth rates 
for each experimental steer group were not provided in the 
published abstracts. 
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The lack of statistically significanr breed x diet interactions 
in most individual studies with Brahman crossbred steers im­
plies that high endophyte-infected tall fescue adversely af­
fected the grmvth of Brahman-crossbn:d steers the same as in 
steers without Brahman int1uence. However, a consistent trend 
is apparent if individual breed evaluation studies are assessed 
collectively (Table 3 ). High cndophyte infestation invariably 
reduccd growth rates of Brahman-cross steers to a lesser de­
gree than it did in steers without Brahman influence. Brah­
man genetics reduced the adverse effects of enclophyte-in­
tt:ctecltall fescue on stet:r grmvth by an average of 26% (range 
= 10 to 65i%). The actual growth rates of lkthman-cross steers 
on high endophyte pastures \Vere equal to or greater than 
stt:ers without Brahman influence that grazed low or nonin­
fected pastures, \vith one exception for the quarter-blood Brah­
man steers (Goetsch et al., 1988; !vlcMurphy et a!., 1990: Cole 
et a!., 200 I ). A summary of Table 3 leads to a reasonable 
conclusion that heat tolerant genetics, Brahman gennplasm 
in particular, would be a useful animal management option 
to lessen thc impact of fescue toxicosis in beef catrle herds. 

Rectal temperatures were measured by ~1cl\·lurphy et a!. 
( 1990) and Cole et a!. <2001). fn both reJX>rts, Angus steers on 
high endophyte-infected tall fl'scue diets had elevated rectal 
temperatures at the end of the grazing period, whereas rectal 
temperatures Brahman x Angus steers were un~tffected by 
diet. ~lc;\'lurphy and cmvorkers 0990) also noted that rectal 
temperatures in steers with lowt:r Brahman influence, (i.e .. 
Simmental x [Brahman x Angus]), did have elevated respira­
tion r~ttes on high endophyte fescue. Rectal temperatures were 
not affected by diet in any breed during cooler intermediate 
measurement periods between December and April, although 
hrced X diet interactions showed the Weight gain Of l)rahman 
x Angus to be less inhibited by high endophyte tall fescue 
during some of those same intermediate time interYals 

(.''vlcMurphy et a!., 1990). 
The studies cited in Table 3 encompass every month of the 

year, suggesting that the benefits of Brahman germplasm for 
reducing the problem of poor grmvth on endophyte-infected 
t~dl fescue may not he limited to the summer months. These 

Table 3. Reduced post-weaning growth for 8os taurus and 
8os indicus-crossbred steers fed tall fescue with high 
endophyte infection compared to low or no infection. 

Reference 

Goetsch et al., 19888 

Goetsch et al., 1988b 
McMurphy et al., 1990c 
McMurphy et al., 1990d 
Cole et al., 2001 
a Spring 
b Fall 

8os taurus 

lb/d % 

-0.46 -38 
-0.20 - 16 
-0.72 - 39 
-0.72 -39 
-0.55 - 86 

c Bos indicus cross = Brahman x Angus 

8os indicus 
cross 

lb/d 0/o 

-0.42 -22 
-0.09 - 06 
-0.29 - 14 
-0.44 -26 
-0.26 - 21 

d Bos indicus cross = Simmental x (Brahman x Angus) 



reports led to work to assess the comparative responsiveness 
of Brahman to crgopepticles. In one experiment, fullbloocl 
Brahman and Hereford steers were similar in immediate car­
diovascular and peripheral skin temperature responses to er­
gotamine administered intravenously (Browning, 2000). The 
same steers \'<ere observed for a slightly longer period of time 
in a second study of ergotamine treatment (Browning and 
Thompson, 2002). Over a four-hour period, Brahman steers 
appeared more sensitive than Hereford steers in terms of sev­
eral hormones and metabolites (Figure 1). I\·Iost notable were 
the respiratory and thyroid hormone response in which er­
gotamine increased respiration rates and plasma triiodothyro­
nine concentrations in the Hereford but not the Brahman 
(Browning and Thompson, 2002). The crgotamine studies 
involving Brahman steers and the clara of Table 3 agree in 
suggesting that Brahman and their crosses differ in their re­
sponsiveness to ergot alkaloids \~vhen compared to cattle not 
carrying Brahman genetics. 

Recent studies evaluated the pedormance of another heat­
tolerant breed on endophyte-infected tall fescue (Table 4; 
Bro\vning, 2U02a,b). In one experiment, purebred Senepol 
and Hereford yearling steers were fed high endophyte-infected 
tall fescue or orchardgrass (hay+ seed) from July to October. 
Both breeds shovvecl clinical signs of heat stress when con­
suming tall fescue as respiration rates and time spent under 
the shade were increased by the fescue diet. The growth rate 
in Hereford steers dropped by 500.·'0 on tall fescue. Consider­
ing the heat stress exhibited by Senepol steers on fescue, it 
was remarkable that their 12-week weight gain was not sig­
nificantly affected (Table 4). In a second experiment, the same 
Senepol and Hereford steers, as t\NO-year-olds, were feel high 
endophyte-infected tall fescue or orchardgrass (hay) from mid­
July to early September. In this second test, neither breed 
showed clinical signs of heat stress \Vhen consuming wll fes­
cue. Respiration rates and time spent under the shade did not 
differ betwee-n the diets. Nevertheless. sb;.-week weight gain 
in the Hereford steers was reduced by over 80%! on tall fescue 
hay, whereas sLx-\veek weight gain in the Senepol steers was 
unaffected <Table 4). In both experiments, breed x diet inter­
actions were clearly evident for daily weight gain. T\vo points 
should be noted regarding Senepol responses to fescue im­
mediately after introduction of seed to the diets. First, year­
ling Senepol steers in Experiment 1 had reduced weight gain 
during d1e first month when d1e fescue seed and h;Jy were 
introduced, although not as dramatic as seen in the Hereford 
steers. The Senepol compensated for lost early gro~1h by the 
end of the four-month fescue toxicosis study. Second, seed 
was added tu the diets of two-year-old steers after the conclu­
sion of Experiment 2 for an additional sLx-week fall observa­
tion period and both breeds had a subsequent cessation of 
growth during that interval. 

Research data on Senepol and Hereford cattle do not indi­
cate that Senepol are resistant of fescue toxicosis. To the con­
trary, indicator traits in Experiment 1 distinctly show Lhat tall 
fescue caused the Senepol steers to 'lose their cool' as they 
appeared he~tt stressed. Additionally, the growth r;c~tes of 
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Figure 1. Plasma triglyceride concentrations in Brahman (n = 
7) and Hereford (n = 7) steers before and after i.v. treatment 
with ergotamine tartrate (ET). Minute 0 represents the time 
immediately before treatment. Breed x time affected (P < 0.01) 
triglyceride concentrations. Solid symbols (e, •) represent post­
treatment means within breed that differ from pretreatment 
means (P < 0.01 ). Ergotamine elicited a bi-phasic triglyceride 
response in Brahman, but did not significantly alter Hereford 
triglyceride levels. Divergent breed triglyceride responses to 
ergotamine agree with other plasma profiles for these steers 
(Browning and Thompson, 2002). 

-o- Brahman -o- Hereford 
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Senepol dropped immediately after introduction of fescue seed 
to the diet. Remember that ergot alk1loids are highly concen­
trated in the endophyte-infected tall fescue seed. 1'\everthe­
less, this work does suggest that Senepol are resilient under 
an endophytic fescue challenge. Basic physiological reasons 
for this expression in the Scnepol steers are cunently being 
investigated. TI1ere are a number of unique physiological char­
acteristic of heat tolerance in cattle that may come imo play, 
but an examination of these adaptive traits is beyond the scope 
of this discussion. \\7hat is germane to this discussion is the 
general conclusion drawn when the fescue toxicosis experi­
ments involving Senepol purebreds is added to the body of 
information on Brahman crossbred steer responses to endo­
phyte-infected tall fescue. The use of heat tolerant breeds 
does appear to be a viable animal management option for 
cattle managers to consider \\1hen developing strategies to 
overcome fescue toxicosis. Moreover, the benetlts do not ap­
pear to be limited to the summer months. 

One caveat to recommending the use of heat-tolerant cattle 
in breeding programs is that practically all of the fescue toxi­
cosis research published to date involving tropically-adapted 
breeds has focused on post-weaning, stocker steers. These 
data could have some relevance for replacement heifer devel­
opment. Comparable studies have not been published that 
indicate the potential benefits of heat-tolerant genetics for 
reducing the negative effects of fescue toxicosis on CO\V re­
productive rates or preweaning calf growth. Fescue toxicosis 
research evaluating heat tolerant genetics for cow-calf pro­
clucrion is needed. Additional swdies of post-weaning cattle 
growth and behavior on high endophyte-infected tall fescue 



Table 4. Thermoregulatory traits and weight gain for Hereford 
(H) and Senepol (S) steers fed endophyte-infected tall fescue 
(TF) or orchardgrass (OG). a 

Experiment 1 b 

Respiration Rate, breaths 
per minute 

Daytime Shade Use, % of 
observations 

Growth Rate, pound per day 
Experiment 2c 
Respiration Rate, breaths per 

minute 
Daytime Shade Use, % of 

observations 
Growth Rate, pounds per day 

HOG HTF SOG STF 

77 1 50 g 

41 d 

1 .12 d 0.20 e 1 .25 d 1 .22 d 

a Adapted from Browning, 2002a,b. 
b 

d,e,f,g 

Yearling steers fed hay + seed diets from July to October. 
Two-year-old steers fed hay diets from July to September. 
Group averages with different letters within a row differ ( P < 
0.01). 

that consider various purebred and crossbred presentations 
of heat-tolerant beef cattle genetics would also be useful. 

Conclusion 
Curle performance is generally depenclem on two primary 

factors: the production enviromnent and the genetic compo­
sition of the anim31. Tall fescue. as a forage \Videly used to 
provide nutrients to a large number of cattle, is a major envi­
ronmental component of many beef production systems. Most 
tall fescue is infected with an endophyte that has adverse 
effects on cattle. Poor cattle well-being and performance on 
endophyte-infected tall fescue, independent of nutrient con­
tent, is usually a consequence of the condition known :ts fes­
cue toxicosis. Fescue 'endophyte' toxicosis is probably a more 
appropriate term since it is the endophyte, nor the fescue, 
that is primarily responsible for the condition. Cattle manag­
ers can address this economically significant problem by al­
tering the environmental input through consideration of vari­
ous forage management options. 

Alternatively, cattle managers may consider dealing with 
the problem of fescue toxicosis through the manipulation of 
animal generic composition. Evaluating and selecting animals, 
breeds, breed-crosses, or biological types thar perform best 
in a particular production environment is not a new concept 
in the beef canle industry. Thb report does highlight the po­
tential to exploit beef cattle genetic diversity, especially through 
tropically-adapted cattle. as a means of enhancing cattle per­
formance in a challenging production environment, the high 
endophy1e-infcctecl tall fescue pasture. Any genetic manage­
ment decision-making process for beef cattle should, of course. 
include assessing the general merits of any breed or breed~ 
cross for reproductive, grmvth and carcass traits, indepen­
dent of tall fescue considerations. Beyond that, the use of 
tropically-adapted breeds shows promise as a m::~nagement 

:10 

option to mitigate probkms of fescue toxicosis and improve 
cattle performance. Additional experimt:ntation will help to 
further explore the benefits of heat-tolerant bovine germplasm 
for beef cattle production on endophyte-infected tall fescue. 
Producers can assist in this endeavor by prov1ding encour­
agement and suppo11 to researchers engaged in this effort 
and lobbying for additional resources to sustain and possibly 
expand fescue encloph)1e toxicosis research activities. 
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Manage111ent Of Beef Production 
In Adverse Envirorunents 

Jim Gerrish, Grazing Lands Consultant, 214511l~v Drir,e, Brool{f'ield 1lfO 64628 

Introduction 
Environnwntal adversity can affect beef production on many 

fronts. Clim<1tic conditions that limit forage availability or place 
stress on livestock are only two of the more common aspects 
of environmental adversity. Extremes in either heat or cold 
and drought or flood affect many other aspects of the animal's 
environment including presence or absence of parasites and 
pests, forage composition and nutritional quality, and occur­
rence of toxic plants. Topography that demands athletic cattle 
or soils conuining excessive or deficiem minerals are other 
forms of environmental adversity. The Upper South and Lower 
Midwest may look lil.;:e a very favorable environment to ariel­
country ranchers from the \vest, but the presence of endo­
phyte-infected tall fcscue in the majority of pastures through­
out the region places tremendous stress on cattle grazing in 
this region. \\'hile a serious health and production challenge, 
fescue toxicosis is rarely ever fatal to cattle. \\/estern ranchers 
on the other hand face th~.:: challenges of many species of 
toxic plants in their native rangeland that can be highly lethal 
and act very quickly leaving dead animals stre\\:n over the 
range. The bottom line is beef production in almost every 
environmenr faces challenges on the bio-physical front. 

\Vithin any given set of challenges, we can make alterna­
tive choices for addressing those challenges. Historically, BIF 
has focused on genetic adaptation to meet production chal­
lenges. The positive benefits of selecting animaLs of an ap­
propriate ge11L:tic makeup to meet the unique challenges of a 
particular em ironment cannot be overemphasized. In the long 
term, genetic adaptation is the first line of defense. Our sec­
ond line of ddense is management of the production system 
within the context of our environment. \X'hile fescue toxicity 
causes significant economic loss for cattle producers, there 
are fairly simple management strategies that can help offset 
the effects of the endophyte. By the same token, consump­
tion of toxic plants on native range can be minimized through 
well-planned grazing management. 

At this point, it is important to note rhe production envi­
ronment includes not only the bio-physical characteristics of 
the environment but the economic and social climate as well. 
While this JXtper deals primarily with bio-physical issues of 
production m~tnagernent, we cannot overlook other chal.lenges. 
The current trend among beef researchers and producers w 
identify economically relevant traits and establish criteria for 
comparisons clearly shows the need for economic relevance 
in our efforts. There are certain genetic traits that will likely 
always have economic relevance such as maintenance require­
ments and overall reproductive efficiency. Other lraits may 
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have only transitory economic relevance. It is important to 
focus our efforts on long term economic relevance. Social 
issues are becoming an increasing part of the production en­
vironment. Questions of animal well-being, multiple use of 
public lands, and \Vildlife interface vvill cominue ro increase 
in impot1ance in our decision making over the foreseeable 
future. How we interact with our bio-physical environment 
will be tempered by these social issues. 

Understanding the challenge 
l11e first step in dealing with beef production in an ad­

verse environment is understanding \Vhat the challenges are 
and what resources are at your disposal ro assist you in meet­
ing those challenges. It is easy to say that your farm is all 
infected fescue or that you ranch in dry countty, but those are 
not the challenges. They are simply environmental conditions. 
Those same environmental conditions you view as challenges 
also provide aclvamages and opportunities. The production 
challenge is getting cows bred in a timely manner or keeping 
\Vinter fced costs \Vithin some defined level of profitability. 
Growing yearling cattle on pasture is a similar situation. The 
challenge is maintaining acceptable rate of gain, not that you 
live in Arizona or Arkansas. For both the cow and the year­
ling in any environment, the challenge is maintaining adequate 
dietary intake while avoiding toxicity. 

Getting cows bred in a timely manner is largely a nutri­
tional issue and, in a grazing-based operation, depends on 
balancing nutritional demands with seasonal V3Iiation in for­
age availability and quality. The nutrient demand of a beef 
cow is vety cyclic and seasonal in nature. Timing of the cycle 
is driven by when calving occurs and degree of fluctuation in 
nutrient demand is closely tied to the lactation potential of 
the cow. Prevailing \\:eather conditions alter nutrient demands 
on a daily and seasonal basis, but \Veathcr-induced demands 
are also largely predictable based on historic weather pat­
terns. Providing adequate energy cost effectively to support 
lactation and breeding efficiency is the challenge most cow­
calf producers face. 

From 1986 rhrough 1993, we collected lactation d.1ta from 
the cmv herd at th~.:: University of Missouri - Forage Systems 
Research Center. Lactation curves \Vere determined for one 
group of CO\'>lS calving bctvveen Feb 15 and :Yiarch 15 \Vith a 
mean calving elate of .l'vtarch 1 and a second group calving 
ti·om !\-larch 16 through April 15 with a mean calving date of 
fvlarch 26. Later calving co\vs reached peak lactation more 
quickly and achieved a higher peak lactation. \V'e believe this 
response was due to fresh pasture becoming a parr of d1e 



cow's diet earlier in the lactation period. Depending on milk­
ing ability of the cow, net energy demand increast'S from 30 
to 100% over maintenance with the onset of lactation. This is 
equivalent to increasing stocking rate by those same percent­
ages during the lactation period, placing increased demand 
on available feed and forage resources. In a cow-calf opera­
tion, timing of calving and control of forage supply are our 
primary mean.s of bringing nutritional demand and forage 
supply into balance. This basic concept is fundamental to 
successful beef production in any environment. The more 
challenging the environment, the more critical establishing 
balance becomes. 

Figure 1 illustrates the lactation curve for beef cows calv­
ing on March 1. The daily grovvth rate of pasture under typi­
cal management in north .Missouri is :tlso sho\vn. Nutrient 
demand increases rapidly due to lactation and occurs well 
before pastures begin growing. Nutrients for the period from 
_\·larch 1 calving until mid-April are typically supplied from 
harvested forage or feedstuffs. The relative cost of providing 
energy from hay is generally two to four times greater than 
supplying energy from standing pasture. Calving !vlarch 1 or 
earlier places the animals highest nutrient demand occurring 
at the time when feed resources are most costly and quality is 
frequently the lm.vest. Pasture production later in the summer 
is t~tirly minimal on unimproved pastures resulting in cows 
losing "veight until weaning. Body condition must then be 
returned to the cows follo\ving weaning, again relying on 
harn:sted forage. 

The pasture growth curve in Figure 1 describes a tall fescue 
dominam pasn1re receiving 40 lb .:\/acre in spring and man­
aged with a minimal 3-paclclock rotation. This is the classic 
perception of cool-season grass grmvth. excess gro\vth in the 
spring followed by pasture deficiency from mid-sununer on. 
\V'ith late \\.-inter calving , the peaks in lactation and forage 
grmvth rate do come fairly close together hut borh before and 
after the lactation peak forage supply is poor. This same see-

Figure 1. Lactation response of cows calving on March 1 and 
daily growth rate of minimally managed tall fescue pasture. 
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nario is repeated across many environments all around the 
\Vorld. \Vhile pasture (bily growth rate is much lower in arid 
rangeland tl1an shown in this figure, the same pattern of a 
shon season of rapid growth followed by little grov,1h applies. 

\\?hat can we do to bring animal demand and forage sup­
ply into better balance just through improved pasture man­
agemenL? The growth curve in Figure 2 illustrates a tall fes­
cue-legume p~1sture managed with flexible rotational stock­
ing with target grazing height of eight inches and post-graz­
ing residual of three to four inches. Csing a legume in the 
pasture provides gre:lter summer forage production. Rotational 
grazing allows grazing to be initiated earlier in the spring and 
extend later into the fall, thus reducing che need for as many 
days of supplemental feed. By keeping calving date at 1\:larch 
1, the gap between increasing lactation demand and forage 
supply is reduced, but the requirement for supr·lemental feed 
is still there. 

Delaying calving until mid-Aptil minimizes the requirement 
for nutrients suppli<:d through harvested forage-; or feedstuffs 
(Figure 3). \Vhile nutrient demand by the CO\\' increases 
through the last several weeks of gestation, it is at a much 
slcnver rate than the lactation demand. Calving in mid-Spring 
should allow cows to both gain weight prior To calving as 
\Vel! as adequately meet their nutritional needs just from pas­
ture. Research conducted by Adams et a! 0996> in ::'-iebraska 
has shown both economic and reproductive benefit for de­
hying calving even later. 

Another consideration is that early calvinf: requires the 
breeding season to begin while co\·vs are either still on hay or 
have been only a fe\~ .. weeks on pasture. Cmvs ~tre often slow 
to regain body condition prior to the breeding season in tl1ese 
situations resulting in extended anestrous and a strung out 
calving season. Cows calving in April or later can be on good 
quality pasture for t'>\ro months prior to breeding season and 
can regain body condition and breed back in a much tighter 
season. 

Figure 2. Improved pasture management including interseeded 
legumes and rotational grazing can reduce need for harvested 
forage even with early calving. 
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One majt )f dravvhack of late spring calving in many parts 
of the country is that the cotTesponding breeding season oc­
curs in the hottest part of the summer. Compound potential 
heat stress with fescue toxicity and the forage utilization ben­
efits from later calving quickly evapor:1te. \X'ith fescue in the 
picture, animal type becomes incre~1singly important if con­
sidering spring calving with breeding occurring in mid-sum­
mer. Cattle with Bos indicus influence are more heat tolerant 
and may be less afft'cted by fescue toxicity (Aiken & Bro~vn, 

1994:Bro'\vn et al 1997\ Animals coming from a fescue-free, 
low humidity \·Vestern environment are much less tolerant of 
enclophyte-infectecl fescue. Buying vvhat are otherwisL' high 
quality bulb from large \Vestern ranches and bringing them 
to the fescu'-· environment is generally disastrous. By the same 
token, takin.:..:: a well adapted fescue-developed hull to the 
\\~estern range can he equally disastrous as the bull may nor 
have the conform;llion and enduranCL' to cope '\Vith 'W-acre 
per cow rangeland. 

The greatest challenge infected tall fescue places on the 
beef herd is ~etting cows bred for spring calving (Porter and 
Thompson, I ()92} The main endophyte induced toxin in tall 
fescue is er~ovaline which occurs primarily in seedheads, 
stems, and leaf sheaths. Some toxicity is present in led· tissue 
but is at a much lower concentration than in other plant parts. 
As seeclhead production occurs almost entirely in late spring, 
this is when fescue is most toxic. W'ith increasing ambient 
temperature and ergovaline concentration, grazing animals 
become heat stressed and forage intake is depressed just when 
nutrienL demand is greatest. The first production function to 
fail when nutritional stress occurs is reproduction. One of the 
quickest ways to overcome fescue toxicity in a breeding herd 
is to switch to fall calving. Fall pasture tends to be mostly leaf 
material so LTgovalinc content is lower and ambient tempera­
tures arc cooler resulting in much less stress on the ~mimal. 
Breeding occurs mainly in December so heat stress is rarely a 
problem. 

Figure 3. Delaying calving to April 15 eliminates the gap be­
tween increased nutrient requirement due to lactation and for­
age supply. 
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\Xlhile fall calving significamly reduces the effects of fes­
cue toxicity on breeding, it completely misses the tr.1ditional 
grass growth curve for much of d1e US ffigure 4). Fall calving 
is considered by many producers to be far roo expensive a 
program clue to the need to provide pe;1k lactation nurrition 
through h~ttvested forage and concemrate feed. An important 
concept for cHtle producers to understand is that the gro\v­
ing season and the grazing season are two completely differ­
ent things. The more challenging the production environment 
or the shorter the grmving season, the more important this 
concept becomes for breeding operations. Stockpiling peren­
nial forages for grazing in the dormant season i~ a proven 
management practice for both rangeland and tame pasture 
environments (Allen et al. 1992). In warm-season rangeland 
environments, protein supplementation is essential for rumi­
nant livl'stock to be able to utilize low protein, high fiber 
range grasses even for maintenance (Lardy et al, 1999). For 
dry cmvs, daily cost or standing range even vvith protein 
supplement is still considerably cheaper than feeding har­
vested forage but is unlikely to meet the needs of lactating 
fall-calving cows. In the cool-season forage environment, es­
pecially with tall fescue, protein content rarely drops below 
the required level for even lactating cows. Energy content is 
more likely to become limiting, but with proper stockpiling 
procedures and appropriate grazing management. adequate 
net energy levels can he maintained throughout the "·inter to 
suppor1 both lactation and rebreeding. If energy supplemen­
tation is required, it usu:tlly comes at much lower cost than 
protein supplementation. 

This discussion illustrates the import:mce of considering 
the total production system \Vhen planning herd structure and 
the management calenlbr. Altering the genetic base of the 
herd, timing of calving, ~mel for~1ge base all affect one another 
both bio-physically and economically. Fall ctlving is an eco­
nomically viable solution for fescue-induced breeding prob­
lems only when combined with a low-cost winter forage .sys-

Figure 4. While fall calving reduces effects of fescue toxicity, it 
totally misses the grass growth curve in many regions 
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tern. Fortunately. tall fescue is the grass species best adapted 
to fall stockpiling and winter grazing. It grmvs more rapidly 
than any other cool-season species in late summer ami au­
tumn, it increases in energy content in response to shorter 
day length and cooler nights, and it withstands freezing clam­
age better than any orher cool-season grass species. So, even 
though '\Ve may first consider getting cmvs bred on endo­
phyte infected tall fescue to be a challenge, it also provides 
the best opportunity for a low-cost winter grazing system that 
allows us to effectively breed cows at a time of year when 
fescue toxicity is a minimal problem. Similarly, the ve1y arid­
ity of the \Vestern range which seems to he a challenge also 
virtually eliminates internal parasites as a management prob­
lem in mature cows. 

Practical Management for Reducing 
Fescue Toxicity 

!vlanagement of fescue pastures to reduce endophyte ef­
fects can be categorized as dilution, supplementation, avoid­
ance, and replacement techniques. Most fescue graziers use a 
combination of these factors to deal with the fescue problem. 

Interseeding red clover into endophyte-infected tall fescue 
has already been mentioned as a means of improving forage 
supply and distribution. This practice is beneficial for all cool­
season grasses but is especially applicable \Vith tall clover 
because of the toxin dilution that occurs when the animal is 
provided with a more diverse diet. Each bite of red dover 
effectively replaces a bite of toxic fescue thus reducing the 
daily ergovaline imake. Any other forage species, grass or 
legume. warm-season or cool-season, that can be grown in 
association with fescue is beneficial for reducing toxicity po­
tential. Crabgrass oversown on fescue pastures is proving to 
be a very good combination for improving summer forage 
supply and reducing fescue toxicity. 

Supplementation is actually another dilution technique but 
has the additional benefit of providing dietary energy in ~~ form 
that n:sults in lower rumen temperature and reduces .some of 
the heat stress potential. Because dietarv intake reduction is a 
main effect of fescue toxicosis, providi~g additional energy in 
a concentrated form offsers some of the intake reduction. Supple­
mentation at 0.3 to 0.8 % of hodywcight is generally recom­
mended for cattle on infected fescue pastures. 

Establishment of alternative pastures to use at the times of 
greatest fescue toxicity potential is the avoichnce process. 
Often referred to as complemerHary grazing systems, use of 
warm-season species from May through August removes live­
stock from fescue pastures during their most toxic period. In 
the !vlidwest, native tall grasses such as big bluestem. 
Indiangrass, svvitchgrass, and eastern gama grass are the most 
common alternatives. In the Upper South, hermudagrass, Old 
\\iorld bluestems, as well as the native species are commonlv 
used. Summer annuals such as crabgrass, millets, an~l 
suclangrass can also be used as complementary forages. Sum­
mer annuals are especially· useful for alternative forage if in­
fected pastures arc being renovated. 
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The final pasture management strategy for dealing with 
endophyte-infected tall fescue is to er~1dicate it and replace it 
with some other pasture species. The fea~ihility of renovating 
many fields that are predominantly infecrecl tall fescue may 
be challenged hy topography, soil conditions. or loc:nion. 
These fields are best managed through the options described 
above. Fields that can be legitimately tilled ;mel cropped or be 
accessed by sprayer and no-till drill should be given serious 
consideration for pasture conversion. Endophyte-free fescue 
varieties have been available for many years but have had 
disappointing performance in many parts of the country. The 
endophyte exists in tall fescue for a reason and that reason is 
improved plant persistence. Chemical compounds generated 
by or in response to the presence of the endophyte provide 
the host plant \Vith enhanced insect, disease, and drought 
resistance. Removal of the endophyte from tall fescue removed 
these beneficial attributes as well as animal toxicity. Endo­
phyte-free cultivars have performed acceptably north of a line 
approximated by Interstate Highway 70. They have performed 
reasonably \veil sourh of this line on soils \Vith higher organic 
matter content and ~vith rotational grazing management. In 
recem years a new class of tall fescue cultivars has entered 
the arena: novel or friendly endophyte varieties. These culti­
vars h<:tve an endophytic fungus reinlroducecl that \Vill pro­
vide the protective benefits without animal toxicity. South of 
the I-70 line, novel endophyte cultivars are probably the bet­
ter choice. \\rhile some producers may have such ill feelings 
toward fescue that they wish only to plant something entirely 
dilft:rent, tall fescue has so many desirable attributes ~1s a 
pasture species it should he included in most pasture pro­
grams throughout the region. 

Many producers are intimidated by the cost of complete 
pasture conversion, especially in light of I he current high price 
of novel endophyte cultivars. The lost prl>duction and perfor­
mance attributable to endophyte toxicity is far more costly 
than pasture renovation. In the mici-19HO's, Dr. Vic Jacobs, 
University of l'vlissouri economist, clearly sho\\·ecl the cost ef­
fectiveness of corwerting infected fescue to endophyte-free 
cultivar even with persistence as short as three years. 

In ~1ddition to pasture management to deal with the fescue 
problem, anim;d selection for tolerance to fescu<' is extremely 
important. \Xlithin any beef cmv herd on toxic fescue, \Ve see 
varying levels of toxicosis. \Xrhile some animals are completely 
debilitated on fescue pastures, there will be herd mates who 
show very little effect. Over time, simply culling the most 
susceptible animals and keeping repbcement.s only out of 
those least affected will increase the fescue tolerance of the 
herd. This is especially true for those herds that do not use 
supplememal feed to overcome toxicosis as ir tends to mask 
genetic traits. Many co\v-calf producers end up wirh a six 
month breeding season on infected fesn1e because they are 
afraid of having open CO\\'S. To create a cow her J with fescue 
tolerance it is essential to maintain a tightly controlled breed­
ing season of 45 to 60 clays. '{es, you \\'ill have open CO\VS the 
firsr several years hut you will also rapidly eliminate the ge­
netics most susceptible to fescue toxicity. 



Summary 
Successful beef production in adverse environments comes 

first from understanding the challenges. For cmv-calf produc­
tion the me >sr critical issue is maintaining diet:try intake to 
ensure reproductive success. Fescue toxicosis places tremen­
dous physiulogical stress on the animal resulting in reduced 
intake. Ruthless selection against fescue toxicity and main­
taining a tight breeding season can significantly improve ge­
netic adaptation for fescue tolerance. Sound pasture manage­
ment to reduce the amount of fescue in the pasture and pro­
vide altern<ttive grazing choices can greatly reduce the impact 
of endophyte infection of animal performance and herd prof­
itability. 

References 
Adams. D.C., R.T. Clark, T.J Klopfenstein. And J.D. Volesky. 

1996. Matching the cow wid1 forage resources. Rangelands 
18:2: 

Aiken, G.E. and M.A. Brown. 1994. Potential of cattle genetics 
for improving production on endophyte-infected tall fes­
cue. Proc. Amer. Forage Grassl. Council vol 3. pp 294-298. 

Allen, V.G.,J.P. Fontenot, D.R. Kotter, and R.C. Hammes. 1992. 
For:1ge systems for beef production from conception to 
slaughter. I. Cow-calf production. J. Anim. Sci. 70:2:576-
587. 

Brown, f\·I.A., A.H. Bro"~;vn, \V.G. Jackson, and JR . .\Ieisner. 
1997. Genotype x environment interactions in Angus, Brah­
man, and reciprocal cross cows and d1eir calves grazing 
common bermuclagrass and endophyte-infected tall fes­
cue pastures. J. Anim. Sci. 75:4:920-925. 

Lardy, G.P., D.C. Acbms, Klopfenstein, T.J., and R.T. Clark. 
1999. First limiting nutrienr for summer calving CO\VS graz­
ing autunm-winter range. J. Range. ~:!gmt. 52:4:317-326. 

Porter, J K. and F.N. Thompson. 1992. Effects of fescue toxi­
cosis on reproduction in livestock. J. Anim. Sci. 70:5:1594-
1603. 

37 



Traits to Dollars-What Will the Target Be? 

PM Beef Group 
Jim Nonrood 

Background 
PM Beef Group, a privately held company, was founded 

10 years ago in partnership with Ukrop's Supermarkets (Rich­
mond, VA) to deliver a more consistent product to the retail 
case. A packing plant was purchased in W'indom, J\·1N and a 
fabrication plant was added in Hartley, IA. As the company 
moved into case ready meats, a central cutting facility was 
established in Richmond, VA, Feedlots were certified in .r-.r\, 
IA, NE, SD & lL In addition to Ukrop's, Heinen's Fine Foods 
(Cleveland, OH) also markets PNI's Ranch to RetaWM beef un­
der their own brand name. Approximately 35,000 head of 
finished steers and heifers are marketed each year in the Ranch 
to Retailn1 program. PM also harvests cattle for other programs 
including: Zalman 's Glatt Kosher BeefT~t, Preferred Stock r:.t, 
Amana BeefTM, & Shenson. Nearly 75(~-o of P\'l's production is 
branded. 

Current Climate 
From a customer survey conducted by Ukrop's, the fol­

lowing attributes were identified as important to meat pur­
chasing. 

Extremely Very 
Attribute Important Important 

Food Safety 86% 9% 
Quality of Meat 78% 19% 
USDA Inspection 79% 13% 
Tenderness 69% 27% 
Juiciness 63% 30% 
Farm Fresh Taste 57% 27% 
Price 45% 42% 
Ease of Preparation 41% 42% 
Local I Regional Brand 29% 41% 
Organic 12% 24% 

Source: Attracting Consumers to Locally Grown Products report, Oct. 
2001 

The consumer first and foremost wants safe food. Safe food 
covers many fronts today including: bacteria. amibiotics, pesti­
cides I3SE. etc. Secondly the consumer wants quality ~vhich 
they may define as appearance, taste, tenderness, packaging, 
leanness, "all natural", organic, source verified, etc. The ten­
derness issue is harder to solve. Grade alone doesn't provide 
assurance the product \Vill be tender, as noted in the ~CBA 
Tenderness Study. The study also found that 6lfVo of consumers 
would huy more product if it was guaranteed tender. Another 
study by Supermarket \re\vs, l\:larcb 18, 2002, stated: "900,{, of 
today's meat buyers would buy more fresh heef if they had 
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product d1at met their quality expectations for tenderness, juici­
ness and freshness on a consistent basis, [hey said.'' 

These trends require increased marketing sophistication 
and increased coordination, ultimately leading t( 1 source-veri­
fication and process-verificnion. PI\.fs Ranch to Retai}Tr.t beef 
program has been source-verified and USDA Process-Verified 
for several years, and is designed to use the be.q practices to 
give the consumer the ultimate eating experience every time. 

P.'Vl's Features Defining Quality 
• All "[\;atural - Resiclue-tesrecl 
• CSDA Process Verified 
• Source-Verified 
• Guaranteed Tender 
• Great Taste 
• Great Product Appearance and Shelf-life 
• Outstanding Yields - perfect for case ready system 
• Safety Conscience 

Source-verification is a means to the end, not the encl. Qual­
ity is affected long before cattle move to a processing point. 
Ti1ere is no silver l1ullet that allows a system to deliver tender. 
great tasting, and safe beef to the consumer. Source-verifica­
tion is a tool to accomplish the task and Process- Verification is 
the quality system to back it up. Together, they ailmved P.\:J to: 
• Eliminate certain breeds 
• Standardize cattle types 
• Feed Vitamin E 
• Standardize feeding plans 
• Eliminate injection site blemishes 
• Document the entire health history 
• Limit animal age 
• Provide traceability all the way through the system 
• Standardize portion sizing with carcass specs 
• Establish guidelines for product aging 

USDA Process-Verification is an TSO 9002 quality system 
model that establishes targets and standardizes practices. There 
is a verification system that measures compliance to the pre-set 
standards. It includes complete sharing of data with producers, 
feeders and customers. Per{ormance is benchmarked and pre­
ventative methods are developed. Finally, it is audited by the 
USDA ro provide credibility. A 2002 study by Southeastern Re­
search Institute found that 76% of the respondents (consum­
ers) would pay a higher price for USDA Process-Vetification. 

Ukrop's and Heinen's both market the beef under their 
o..;vn lab<:! - Ukrop's Own Beef and Heinen's Own Beef. Be­
cause both retailers are partners in the quality system, they 
are able to make claims about "their ranchers'', ''their feed­
ers'·. "Midwest corn fed" and that '·rhc meat is hand selected 
according to their specifications". Th~y have developed rela-



tionships \Yitll the P~·f producers and feature them in com­
pany promorionJl matetiaL 

The following are quotes clerivt:d from a focus group of 
Ukrop's customers: 

··1 think Ukrop·s 0\vn Beef is more 

consisl en t ·· 

··\Vith Ukrop's Own Beef, I have 
found a more consistent quality. I 

can trust that \Vhen I pull that sreak 
out, its going to be more tender" 

"Very tender" 

·The first time I cooked it I was 
amazed, I said to my vvife, 'Look! 

There's no grease in the pan'" 

""At Ukrop·s even the lean beef is 
\'ery tender, like prime used to he. 
and it used to be full of fat. This is 

lean that Ckrop's carries and it's still 
tender~ .. 

Source: Soutbeasleru instate ofRe.•;earcb, 1998 
Ukrop's Supermad:et F()CifS Group Research 

Producer Application 
\X'hat does all this mean to producers? 

• Increased Accountability- Food safety is at the top of the 
list. 

• Increased use of technology- Animal identification, data­
bases, gene markers 

• Decreased room for outliers- for a range of specifications 
from anim.d age and handling to yield grade anributes. 

• :'\eed for more data analysis .... son through the reams of 
accumulated data. 

• Increased understanding of all segments. 
• Understanding of your optimal operational pracrices and 

determine hc:st marketing fit. 
• BQA enh~mcemenrs 

After you determine your markering l"it: 
• Increase your consistency around the hulls-eve! 
• Decrease Outliers! . ' 

• Know the details behind your clrc1ss data, USDA Yield 
grade and L"SDA Quality Grade isn't enough. 

\'\-'e picked rwo individual steers from our data base. Both 
were USDA Yield Grade 2 and l.SDA Qualitv Grade Select. 
Both carcasses were tracked through to the. box and indi­
vidual cuts ~vere weighed as was the hone and fat. The differ-

39 

ence in Box Value was $H).31. The difference is in the derails 
(the 841: carcass was worth $85.31 more): 

Carcass Weight 
Rib Eye Area 
Back Fat 
Sub Total %Yield on Subprimals 
Fat & Bone Weight 

Conclusion 

838# 
12.6 
0.2 

52% 
188# 

841# 
14.8 
0.3 

55% 
181# 

As processors are able ro follmv individual animals through 
the f:lbricalion (boxed beefl plant. new methods of cattle value 
and payment will evolve. \V'har can you do now to be readv 
to be paid on Boxed Beef Yield? The following are adapted 
from Pl\fs targets for the Ranch to ReraiJTM program and our 
best ans\ver to "\.Vhar will the target he?" 
• British/Continental Cross 
• 1200 to 1300 pound finished \Veight 
• Heavy muscled, less hone, less external and seam far 
• USDA High Select to USDA Low Choice marblino score 
• Less than 0.4 back fat b 

• ~o USDA Standards, no rih eves less than 12., or laraer 
than 16'', no hack far greater th;m 0.6, no carcasses \,.ei;h­
ing under 700 lbs. or more than 900 lbs. 

Excel Corporation 
H. Gle11 Dolezal, Ph.D. 

Branded heef programs are key to leading the beef indus­
try out of the commodity business. Brands must .. deliver on a 
promise" to consumers with specific interests and need.;;. These 
promises can include various combinations of attributes for 
eating quality, leanness, diet/health, or convenience. Hiswri­
c:llly, branded beef programs have focused on breed strengths 
lmarbling, palatability, leanness). Today. greater emphasis is 
placed on tenderness, leanness, portion size, and price point 
for retail, food service. and export markets. 

T~vo primary paths for branding beyond commodity beef 
exist today (Table 1 ). One is based on the qualitative (mar­
bling-based) approach with pre- and post-harvest manage­
ment components such ~1s process verification and postmor­
tem technologies to achieve tenderness. The other is more 
quantitative and is a carry-over from the pork industry where 
enhancement technology has become the norm. 

Several lraits are equally imp011ant regardless of the path 
chosen for branded heeL Etleclive food safety interventions 
and control of injection sites are critical. Cor~trol of carcass 
(product) weight and riheye siZL' (steak thickness and price 
point) are equally important due to the historical portion size 
and dimension requirements in food service and the-increased 
interest in case-ready packaging at retail. 

A primary difference in the Qualitative versus the Quanti­
r~ltive approach is the emphasis placed on marbling deposi­
tion. Premium brands depend on adequate m~lrbling deposi­
tion to ensure tenderness, juiciness, and fla\·or with proper 



Table1. Paths to branded beef. 
Trait Quality Quantity 
Market Premium Commodity 
Beef Upscale Enhanced 
Key lngredient(s) Marbling Based Marinated, Water 

Added 
Food Safety +++ +++ 
Injection Sites +++ +++ 
Animal Age +++ + 
Control Weight ++ ++ 
Muscling (Ribeye Size) ++ ++ 
Yield Grade ++ +++ 
Marbling +++ 0 

Implant Program Controlled Aggressive 
Producer Involvement Critical Unnecessary 
Production Costs +++ 0 

+ emphasis placed on a particular trait. 

aging. \'7ith enhanced beef, the quality is pumped in via post­
mortem technology. 

Qualitative Appruacb 
Producer involvement is critically importanr to select proper 

genetics and managernenr strategies to produce quality prod­
ucts with acceptable red meat yield at a youthful age. Venical 
coordination is necessary to meet expectations for time-on­
feed, diet energy concentration. anabolic implant administra­
tion, and slaughter endpoint optimization. V~tlue-basecl pro­
curement programs have been developed to insure that con­
sistent supplies of high quality beef are harvested to meet 
customer demands on a weekly basis. High quality products 
produced in this system must be marketed at a premium be­
cause production efficiency is seldom maximized. Postmor­
tem technology may be used on carcasses \Vith "small" and 
'·slight" amounts of marbling to further improve the unifor­
mity and consistency of tenderness for these natural (mini­
mally processed) fresh beef products. 

Quantitative Approacb 
Enhanced beef much like enhanced pork involves pumping 

muscles with a combination of water (8 to 12%)), salt, phos­
phate, and n:Hural tbvorings. Therefore, enhanced beef is con­
sidered non-intact as the surface of muscles is penetrated to 
inject the solution. The enhancement process has a pronounced 
errect on the tenck·rncss. juiciness and Havor of beef, especially 
at advanced degrees of doncncss (medium well and well done). 
Leanness is key to maximize yields along with added water; 
marbling deposition is not necessary. 

Production efficiency can he maximized and procurement 
needs may be satisfied in the open commodity market. Only 
time and additional research will reveal the extent to \Vhich 
enhancement technology expands in the beef marketplace. 1 

person:tlly feel that en! 1anced beef has a place for beef car­
casses or cuts in ncL·d of palatability improvement (low qual­
ity grades and less tender locomotive muscles): however. ad-
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ditional consumer rese1rch is needed to bettt-r understand 
the level or acceptance hy various consumer groups and in­
dustry .segments. 

Beef lmprorement Federal ion bnplicat ions 
The battle of branded beef strategies will int1uence the deci­

sion-making process for genetics, management, 111;1rketing, re­
search, and education as we move to the future. I expect both 
brand strategies to survive, but only one will expand as the 
primary path for the beef industry to meet consumer expecta­
tions. If history holds true, then th( >se of you designing pro­
grams to optimize production efficiency, product quality, and 
red meat yield should have the tlcxihility to parucipate in ei­
ther brand strategy. If enhanced beef becomes the norm, then 
U.S. beef producers \Yill have to redesign beef production more 
in line with models used currently in Europe and South America 
for bed and in the Cnited States for pork. 

Laura's Lean Beef 
Jobn Tu/Jc, Cbairman of !be l3oard 

L1ura's Lean Beef Company helps grocery retailers achieve 
incremental sales of red meat by offering a healthy beef alter­
native to consumers who have cut hack on red meat con­
sumption. Laura's Lean Beef offers t\vo major attributes that 
appeal to health-conscious consumers: 

Raised \Vithout antibiotics or growth hormones. Laura's Lean 
Beef appeals to consumers interested in natural foods. 
\\'ith 13 items ce11ified by the Americ~m Heart Association, 
Laura's attracts consumers looking for low-fat, he:1rt-healthy 
foods, including individuals on ·weight loss diets. those 
with high cholesterol or heart disease, and individuals who 
are generally interested in wellness. 

Laura's Lean Beef is available in more than i,OOO grocery srores 
in 39 states. 

Creekstone Farms 
Joe Bill Jfeng- Director of Genetics ({lld Supply Deue!opment 

Creekstone Farms Premium Black Angus Beef is a unique 
program relative to other niche market programs. John Stewart, 
founder and president of Creekstone F~tnns has over thilty years 
experience in the mears business. J\·lr. Stewart identified thL' 
oppo11unity for this market and began developing the concept 
in the mid 90's. Following the identification of the market, the 
systems to create the product for this m~1rket were developed. 

The concept was built around a goat of supplying food 
service. retail and export markets \Vith a consistent, high quality 
Angus based product. The foundation for the program began 
with the development of superior genetics in the Creekstone 
Angus herd and the identification or existing genetics from 
other like-minded programs. These genetics were to he 
complimented with a uniform management system designed 
to maximize the health and performance of the animal. Pro-



tocol ~It every stage of the <mimal's life is based on the sound­
est and best scientific knowledge available. The intent is to 
identify producers, both purebred and commercial, feedyards 
and proces .... ors who are willing ro adopt this protocol and 
partner with them. In many cases, p:trtners were available 
that were alrt'ady utilizing the pr:tctices vve wished to incor­
porate. Animal welfare, hio-security and food safety all re­
ceive major cmph~tsis. 

The centerpiece for Creekstone Farms is 1200 acres of roll­
ing grassland located in Henry Co., Kentucky. The t~mns is 
used to de\ elop and market generics, develop live animal 
protocol and expose our retail and food service customers to 
the live animal piece of the operation. Operations for 
Creekstone are located in Thornton, CO. 

Before the first animal was harvested in April, 2001, mar­
kets had bct·n identified and developed that would utilize the 
entire carcass and provide the opportunity to add value to 
each cut, rather than expecting the middle meats to carry the 
burden of offsetting the added costs involved with an inte­
grated progr~lm. \"Ve understood that all phases of the produc­
tion proces.-; had to function properly in order to achieve the 
desired end product; however, the size of our program made 
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it difficult to have the leverage we needed :.H the harvesting 
and fabrication level. \Xlhen we began \vorking with Future 
Beef \Ve knew that \Ve had found a partner that appreciated 
our goals. and the Arkansas City, KS state-of-the-art facility 
wa.s able to give our rmv product the anention it needed in 
terms of processing, food safety and packaging, to enable us 
to deliver the product to our customer \Ve had envisioned. 

The misfortunes ofFuture 13eefhave been well documented. 
but Creekstone appreciated the cooperation and talent they 
provided \vhen we were harvesting cattle in their facility. As 
fate '>Vould have it, we vvere successful in :lCquiring their Ar­
kansas city facility and now are faced with an expanded set 
of oppo1tunities and challenges. 

At Creekstone, we feel more confident than ever that our 
direction is correct and we are realistically optimistic about 
the future of the beef industry. W'e look f01ward to \vorking 
with the progressive programs and people in all phases of 
this industry and have faith in their support organizations and 
their leadership. \X1e feel, that \Vith all segments of the indus­
try will work together in a spirit of cooperation and unity. 
there is opportunity to grow beefs market share and enhance 
profit opportunities at all levels. 



Tools for Making Genetic Change 
Tom Field, PbD. Colorado State Uniuet:q·~~· 

Introduction 
Imagine a carpenter who determines which tools to use 

before actually deciding what is to be built. Such a person 
would not likely find much success. Not every job requires a 
hammer, a saw, or a drill. So it is \Vith the beef industry- lots 
of tools are available but not all ~tre appropriate for the mul­
titude of production scenarios. Thus a discussion of which 
genetic tools are most useful must be pn:ceded by a determi­
nation of \Vhich goals ought to be pursued. 

As a sidebar, it is probably useful to examine the use of 
the term "generic change''. A more appropriate term might he 
"genetic correction" or ;;genetic modification" implying that 
change directed to·wards a useful purpose is much more valu­
able in the long term than is the process of generating change 
for its own sake. 

A reasonable goal for the beef industry is to '·produce low­
cost, high-profit cattle that yield competitively priced, highly 
palatable, le:1n products; while conserving and improving the 
resources utilized" (Field and Taylor, 2002). Yet the achieve­
ment of such a broadly stated objective should be examined 
in light of the very real conditions of the U.S. beef industry. 

The implementation of genetic tools and strategies falls to 
the cow-calf producer ~vho is challenged by the responsibil­
ity of maintaining a cmv herd well suited to the conditions of 
a particubr ranch as well as the production of feeder cattle 
that meet the goals and criteria of the other links of the beef 
production chain. Thus the goals of individual cow-calf en­
terprises must take into account trends in the consumer mar­
ketplace as well as dealing ·with the realities of the produc­
tion environment. 

4. The gro\vth in the branded beef market has created more 
demand for cattle that meet specific criteria patticularly in 
regards to palatability. Properly developed branded prod­
uct strategies offer opp01tunities to sell more beef at higher 
prices. :'-Je\v beef product offerings have totaled more than 
1 , 500 over the past five years. 

The collective pressure from these trends has changed the 
way cattle are marketed in tl1e United States with greater than 
50% of cattle sales occurring on a fonvard priced or grid­
based system. These trends equate to more aner:tion on retail 
product yield (increased muscularity ;mel reduced hil). Those 
programs that emphasize marbling will continue to have an 
impact on the industry but given the level of ground beef 
consumption in the U.S., demand growth for highly marbled, 
whole muscle cuts is somewhat limired. 

Structural challenges 
The differing needs of the various segments of the beef 

industry must also be noted. The magnir:ucle of the industry 
makes coordination of genetic decisions problematic. Table 1 
outlines the participants and products generated by each seg­

ment. 

The typical beef producer 
It is important to be realistic abour the averJge cow-calf 

enterprise - not everyone is willing or able to adopt the po­
tential technologies, management protocols. or tools avail-

The consumer Table 1. Overview of the U.S. Beef Industry 

In regards to the consumer market there 
are four primary trends of interest. 
1. ~early 80 percent of the more than 7 bil­

lion servings of beef in the foocL5ervice 
sector are delivered in the form of ham­
burgers or some other ground beef entree 
(NCBA, 2000). 

2. Consolidation in the grocery business is 
such that the top 5 grocery chains con­
trol more than )QCVt1 of retail sales (Su­
permarket Nev.rs, 2003) with Wai-Ylart as 
the driving competitive force. 

3. Case-ready beef is another trend that V\rill 
impact market specifications and thus the 
decisions of cmv-calf producers. 

Segment 

Seedstock 

Cow-calf 

Feedlot 

Packer 

Participants 

120,000 breeders plus a 
handful of AI studs 

814,000 beef herds 
97,500 dairy herds 
90% of beef cow herds with 
< 1 00 head but controlling 
only 50% of inventory 
1 ,800 feeding companies with 
> 1000 hd capacity 
795 plants harvest steers and 
heifers 
97% of production is boxed 
beef, 81% of harvest by top 4 
firms, and almost 50% of 
purchases on a carcass basis 

Source: Field and Taylor, 2002 
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Inventory/Products 

Approx. 80 breeds with 1 0 
breeds most critical and 5 
providing about 60% of the 
genetics, yearling bulls, semen, 
some females. 
33.1 million beef cows 
9.1 million dairy cows 
29 million feeder calves 

14 million head bunk capacity 
23 million fed cattle marketings 
34.8 million head harvested 
27.1 billion pounds of beef 
758 lb average carcass weight 



able to them ( T<~blc 2 l. As the ='JAI-tl\·1S (1997, 1998) data points 
out, about two-thirds of cow-calf enreq)rises are secondary 
income sourL'C'S. As such these Lypic:llly smaller production 
units may have dranutically different needs than the profes­
sional cattle producer who derives the vast majority of their 
revenue from beef production. 

Table 2. Characteristics of U.S. beef cattle enterprises 

• 69% of cow-calf enterprises are in place as secondary in­
come sources. 
49.1% of individual beef cattle enterprises utilize individual 
calf identification (64.7% of the calves). 
53.2% of enterprises record individual cow identification 
(69.8% of the cows). 
No form of identification is applied to 35% and 30% of the 
total calves and cows respectively. 

• 34% of beef cattle herds are routinely pregnancy checked. 
• 23% of beef cattle managers observe and record body con­

dition scores. 
• Approximately 1/5 of the cowherd is straight bred, 45% are 

F1 s, and about a third result from a three-breed cross. 
• Just over 10% of beef cattle enterprises utilize artificial in­

semination on any part of their herd. 
• Only about one-half of producers report establishing a breed­

ing season of specific duration. 
Nearly 80 percent of cattle enterprises rely on handwritten 
record keeping systems. 

Source: NAHMS, 1997 and 1998 

Table 2 puints out that beef producers do not uniforml~.r 
adopt even the most rudimentary technologies and best man­
agement practices. The reasons for non<tdoption range from 
cost to lack of knowledge to tradition. :\onetheless, any dis­
cussion of genetic tools must be assessed vvith an awareness 
of the rcsisrance to adoption that will likely be encountered. 

The keys to widespread adoption of new technologies are 
two-fold: 
1. They musl be cost effective by returning clearly identi­

fied benefits beyond direct and indirect costs. 
2. The technology must be user friendly. 

Cost effectiveness 
At last ye~tr's BIF conference, Barry Dunn (2002) made a 

strong case for evaluating profitability as a series of relation­
ships that induclc productivity levels, market value of pro­
duction, annual costs associated "\vith production. and the in­
vestment required to maintain productive capacity. lv1ost, if 
not all, of tllL·se relationships are either directly or indirectly 
affected by ~enetic influence. Yet, almost none of the current 
genetic tools available in the industry are reported in terms 
directly rdated to profitability. 

For example, the use of ultrasound or genetic markers 
as selection tools for changing carcass traits an: in vogue. 
However, it is extn:mely difficult to determine ho\v much 
selection clirferential is required in intramuscular fat EPDs 
to actually change the profitability of a cattle CO\v-calf en­
terprise. This is particularly worrisome given the high cost 
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of technologies used to estimate carcass traits in live ani­
mals- approximately $I 5 per head for ultrasound and S80 
for a t\vo-marker test. Don't assume that I am suggesting 
that there is no value in these technologies but that there is 
considerable confusion about how to use the results to 
improve return on assets. 

Simplicity has a high value on most cow-calf enterprises. 
Any technology that betrays the premise of simplicity must 
have an easily recognizable high net value to the enterprise if 
it is w be integrated inLo the business. Given this fact, most 
genetic technologies will have to be initiated by the seedsmck 
sector and the benefits then transferred to the commercial 
covv-calf sector via bull transactions. However, the real ben­
efit of these technologies musr translate into value for the 
commercial cow-calf enterprise if demand is to be sustained. 

Genetic tools 
In essence there are by my estimation d1ree primary ge­

netic tools available to the cow-calf producer - selection 
pressure, breed differences, and mating systems. This 
should come as no surprise to serious cattle breeders. 

Don Scheifelbein (2003) advances the idea of "five undeni­
able truths of the beef business" and Lhese principles make a 
good foundation for a discussion about genetic tools: 
L. The success of commercial co\v-calf producers is the foun­

cbtion of any breed's longevity. 
2. One breed cannot do it alL 
3. Crossbred CO\VS are essential for maximum financial suc­

cess <longevity alone is worth the effort of creating them). 
4. Uniform.ity and consistency drives producer success (man­

age breed composition to achieve this goaD. 
5. Simplicity is the key to success. 

Dunn's argument for measuring return on assets as a func­
tion of the interaction of several facrors leads to the notion 
that generic inlluences should be evaluated in terms of how 
much is produced, what it costs to produce it, and the market 
value of \Vhat is produced. The major factors affecting the 
volume of production is \veight per animal and total number 
of animals. The traits of interest then \vould most likely be as 

folJO\\·'S: 

Volume of production (per anin1al): 
Market weight (offspring plus culled breeding animals) 

Units of production (pet· enterprise): 
Reproductive rate 
Calf survival 
Cow survival 

The driving force continues to be weight. For example. 
take a look at changes in the trigger point for incurring dis­
counts for heavy \~'eight carcasses. Many packers are accepr­
ing carcass weights up to 1,000 pounds \Vithout discount. 
\V'hile the advent of grid pricing has been a useful way of 



communicating desired carcass trait specifications through­
out the industry, weight still drives the gross value of a car­
Gtss. Table 3 illustrates that heavy carcasses receiving lower 
prices can still generate more gross revenue than a higher­
priced, but lighter, carcass. 

The market signal that has favored weight was clearly in­
terpreted by the industry. Research rcsulls from MARC point 
our in most cases the average birth \Veight and gro\\·th breed 
performance has increased while differences bet\veen breeds 
have declined (Table 4). 

The traits that impact cost of production include mainte­
nance costs (mature \Veight, milk production), cow longevity, 
calving difficulty, tleshing ability, feed efficiency, and the con­
venience traits such as disposition, pigmentation, and horned 
vs. polled. 

The traits that impact the market value of production in­
clude retail yield, marbling, and conformance to specifica­
tions such as carcass \Veight (avoidance of outliers). 

A cow-calf producer must evaluate hm:v production, mar­
ket value, and cost of production interact within their own 
system to determine which traits directly or indirectly impact 
profitability (Table 5). Some traits will respond to selection 
pressure while others will be more responsive as a result of 
generating heterosis via planned mating systems. 

Two of the challenges facing producers include 1) measur­
ing directly for the economically relevant tr~lit versus having to 
rely on indicator traits and, 2) anwgonisms between traits. lVlany 
of the traits of pa1ticular interest cmnol he directly selected for 
due to problems \Vith case of measurement or the lack or avail­
ability of selection tools for specific traits. Cow-calf producers 
are further challenged by the problems encountered when se­
lection for changes in one trait has t~tvorable impacts on pro­
ductivity but unbvorahle effects on cost of production. For 
example, increased levels of mature weight favorably impact 
the volume of product sold from the cull cow hut may unfavor­
ably impact the feed costs associated \Vith maintaining the fe­
male during her productive life on the ranch. 

Producers have at their disposal a partially complete set of 
tools to assist them in making effective within breed selection 
decisions. \\ihile the current list of EPD provide a basis for 

Table 3. Gross revenue for various carcass weights at 
differing prices. 

$106/ $104/ $102/ $100/ $98/ $96/ 
cwt cwt cwt cwt cwt cwt 

6501b $689 $676 $663 $650 $637 $624 
700lb $742 $728 $714 $700 $686 $672 
7501b $795 $780 $765 $750 $735 $720 
800lb $848 $832 $816 $800 $784 $768 
850lb $901 S884 $867 $850 $833 $816 
9001b $954 $936 $918 $900 $882 $864 

4'-± 

making selection decisions, too many of the traits are indica­
tors of economically important traits as opposed to being di­
rect measures. For example. scrotal circumference is an indi­
cator of age of puberty. Furthermore. EPD are lacking for 
many of these impo11ant traits such as feed efficiency. 

Ultimately, selection must be based on a multiple trait strat­
egy (Tess, 2002). As more cow-calf producers choose to re­
tain ovvnership of their cattle beyond weaning or decide to 
panicipate in integrated beef production arrangements, there 
is a growing need for more effective multiple trait selection 
strategies that encompass lifetime productivity. Balancing se­
lection for traits important at the ranch, the feedlot, and the 
packing pbnt is crucbl. 

\V'hile within breed selection is a useful tool, maximum 
genetic benefit is typically oht:tined via the exploitation of 
breed differences and the creation of heterosis as a result of 
planned crossbreeding systems. \\-'hile the convenience of a 
straight breeding system is attractive, such an approach pre­
vents the use of hybrid vigor and breed complementarity. 
\Vhile these topics have been thoroughly dealt with in the 
historical literature. the following summary points are useful 
reminders. 
• :\o one breed docs all things well and no one breed is 

without weaknesses. 
• Careful matching of breed strengths ~md Wt aknesses can 

yield optimal tr~tit combinations. 
• Hybrid vigor (heterosis) provides a buffer ag_linst environ­

mental stress that allows crossbred animals to be more 
productive in some tr~tits than the average of the parental 
breeds that originated the cross. 

• The advantage of heterosis is greatest. in reproductive per­
formance, calf survival, and cow longevity. The advantage 
increases as the environmental conditions become harsher. 

• Implementing an effective crossbreeding system requires 
thoughtful planning, may increase the intensity of man­
agement, and must account for the resource limitations of 
a pa11icular farm or ranch. 

• Crossbreeding is not a silver bullet and a poorly designed 
program may yield less than desirable results. 

Table 4. Average birth weight and finished weight of breeds -
1970s vs. 1990s. 

Birth Birth Finished Finished 
weight weight weight weight 

Breed 1970s 1990s 1970s 1990s 
Hereford 79 90 1046 1363 
Angus 79 84 1046 1375 
Simmental 89 92 1141 1390 
Gelbvieh 91 89 1115 1348 
Limousin 92 89 1035 1308 
Charolais 86 94 1143 1370 
Source: MARC 



Table 5. Heritability and heterosis of various traits and their impact on the components of cow-calf profitability. 

Traits/trait classes Heritability 

Market weight -offspring 40% 
Market weight- culled breeders (mature size) 50% 
Reproductive rate <20% 
Survival rate - offspring 20% 
Survival rate - parents 20% 
Milk production 20% 
Calving difficulty 15% 
Fleshing ability 40% 
Feed efficiency 45% 
Convenience traits Variable 
Marbling 35% 
Retail yield 25% 
Degree of conformance to specifications Variable 
Adapted from Field and Taylor, 2002 

\X'hy might a crossbreeding system fail? The late Bob DeBaca 
suggested four primary reasons: 
1. Over-use or individual canle breeds that have: too much in 

them -too much milk. mature size, grovvth, or birth \Veight. 
2. The mating system \V:ts roo complicated or \vasn't imple­

mented in a systematic manner. 
3. Seedstock providers failed to develop the expertise and 

service oJiL'ntation to assist their clients in the develop­
ment of eiTective crossing systems. 

4. The use of poor quality bulls in a crossing system \viii not 
yield desir:tble results. The use of objective selection crite­
ria is critic~tl to the success of the mating system. 

The choice of a mating system depends on a careful as­
sessmL·nt of the envinmmental and marku constraints associ­
ated \Vith a particular ranch. Environmental considerations 
include forage availability, regularity of precipitation. feed 
costs, and the design of a grazing system that best utilizes and 
conserves the forage n:sources. The performance of progeny 
from the mating system should be appropriate for the desired 
market outlet. In a retained ownership setting a producer may 
want to emphasize cutahility, marbling, and grmvth rate. 

The logistics, benefits, and drawbacks associated with sev­
eral crossbreeding systems are outlined in Table 6. The key 
summary points are that rotational crossing systems :tre ex-

. cellent apprcuches to acquiring high levels of heterosis for 
pounds of calf weaned per covv exposed but they require 
multiple brc~.:ding pastures which may conflict with the graz­
ing plan. Steer progeny from these systems may also tend to 
be more moderate in growth rate and retail yield. Thus, the 
flexibility of marketing may be reduced. Terminal crossing 
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Increases Increases Increases 
impact impact on impact on 

Heterosis on cost production mkt. value 

Moderate Variable Positive Neutral 
Moderate Variable Positive Neutral 

High Variable Positive Neutral 
High Favorable Positive Neutral 
High Favorable Positive Neutral 

Moderate Variable Positive Neutral 
Moderate Unfavorable Negative Neutral 
Moderate Favorable Variable Variable 
Moderate Favorable Positive Neutral 
Variable Variable Variable Variable 

Low Neutral Neutral Positive 
Low Neutral Variable Positive 

Variable Neutral Neutral Positive 

systems offer producers more options in the m~u·ket place but 
they do imensify management requirements. Composite breed­
ing systems produce less heterosis but may be more easily 
lnregrated into a grazing system. Numerous studies (Lamb 
and Tess, 1989. Lamb et al 1992 a and h, Tess and Kolstad. 
2000) point out that crossbreeding systems improve net in­
come from 11 to 19 percent as compared to straightbred sys­
tems. 

The general Lc'lrgets in regards to carcass trails are 70'}'1J or 
better Choice, 70% Yield Grade 1 and 2, and 0% discounts for 
outliers. Table 7 illustrates the rationale for this recommenda­
tion. For most commercial cattle producers, the use of mul­
tiple breeds in a planned crossing system will be required to 
hit these targets. Cattle that are 50% British and 50% Conti­
nental breed influence are typically recommended as being 
best able to provide optimal levels of marbling ~md retail yield. 
In some instances, 75%) British and 25% Continental may be 
most desirable when the target is weighted towards reward­
ing higher levels of marbling. It is important to remember the 
huge impact of weight on gross revenue and as such the use 
of Continental breed cattle should be seriously considered. 
For those environments where bos indicus cattle are required. 
the terminal sire may be a British breed bull. 

The usc of selection. breed differences and mating sys­
tems are of benefit to managers of commercial cow-calf en­
terprises. Deciding not to use one of theSL' tools should he 
undertaken only with a detailed assessment of the value of 
lost opportunities. Ne\\' approaches vvill surely be developed 
that enhance our ability to utilize these three tools. However. 
they will only be implemented if they arc cost effective and 
user friendly. 



Table 6. The Benefits and Drawbacks Associated With a Variety of Crossing Systems. 

Mating Systems 

2-Breed Rotational 

3-Breed Rotational 

Rotation Terminal Sire 
(2-breed) 

Terminal SireX 
Purchased F1 Females 

Benefits 

Weaning wt./cow exposed 16% 

Weaning wt./cow exposed 20%. 

Weaning wt./cow exposed 21%. 
Target specific marketing goals. 

Weaning wt./cow exposed 21%. 
Average herd size. 
Target specific marketing goals. 

Requirements/Drawbacks 
Minimum of 2 breeding pastures. Herd size of 50 or greater. 
Replacement heifers identified by sire breed. 
Generation-to-generation variation may be large. 
Management intensity-moderate. 

Minimum of 3 breeding pastures. 
Herd size of 75 or greater. 
Replacement heifers identified by sire breed. 
Generation-to-generation variation may be larger. 
Management intensity-high. 

Minimum of 3 breeding pastures. 
Herd size of 100 or greater. 
Replacement heifers identified by sire bred and year of birth. 
Management intensity-high. 

Purchased females. 
Replacement heifers identified by source. 
Increased risk of disease. 
Management intensity-moderate. 

4-Breed Composite Weaning wt./cow exposed 17.5%. Availability may be limited. 
Minimum of 1 breeding pasture. Genetic information (EPD) may be limited or lower in accuracy 
Any herd size. than from traditional bulls due to population size. 
Reduce inter-generational variation. Management intensity-low (after composite formation). 

Composite-Terminal Sire Weaning wt./cow exposed 21.0%. 
Minimum of 1 breeding pasture. 
Any herd size. 

Availability of composite may be limited. 
Management intensity-moderate. 

Table 7. Conformance of Various Breed Crosses and Composites to Yield and Quality Grade Targets in 
Steers Produced at the U.S. Meat Animal Research Center. 

MARC Ia MARC lib 

= 70% Yield Grade (YG) 1 & 2 83.1 56.1 
= 70% Quality Grade (QG) Ch & up 43.1 54.7 

% Non-conform YG 16.9 33.9 
% Non-conform QG 56.9 45.3 

Deviation from acceptance 
Non-conform (30%) 
YG 0 3.9 
QG 26.9 15.3 

Total 26.9 19.2 
a MARC I=~ Charolais, ~ Limousin, ~ Braunvieh, 1/a Angus, 1/a Hereford. 
b MARC II = ~ Gelbvieh, 14 Simmental, !4 Hereford, ~ Angus. 
c MARC Ill= 14 Pinzgauer, 14 Red Poll,% Hereford, 1.4 Angus. 
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British 

37.6 
69.6 

62.4 
30.4 

32.4 
0.4 

32.8 

Continental 

89.3 
30.4 

10.7 
69.6 

0 
39.6 

39.6 

MARCIUC 

52.5 
66.0 

47.5 
34.0 

17.5 
4.9 

21.5 
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How Best to Achieve Genetic Cl1ange? 
Dorian .f. Garrick and R . .i.llark~ Enns, D~Cpm1ment qfAnilna/ Sciences, Colorado State Uniuersizy. Fort Collins, CO 80523. 

Introduction 
Genetic change is easy to achieve through selection. Se­

lection typically leads to simultaneous change in a number of 
traits with not all traits changing in a favorable direction. Ge­
netic hnprouem.ent is much harder to achieve than genetic 
change. It requires the aggregate economic value of positive 
and negative changes in individual traits to be favorable, and 
greater than the costs of recording and evalu~lting animals. 

Genetic improvement doesn't come about by chance. It 

doesn't come about from the act of pedigree and performance 
recording. It doesn't come about simply from the creation 
and distribution of sire summaries. Genetic improvement at 
an ente1prise level comes about when those in a position to 
undettake selection lnve clear goals and access to relevant 
tools. Genetic improvement at industJy level depends upon 
improvement at the entetprise level and relies further on market 
signals being transmitted along the lengthy and circuitous chain 
from the consumer through the packer, feedlot operator. 
backgrounder, cow-calf producer to the seedstock breeder. 

It is easy to demonstrate genetic cba nge has occurred in 
the beef cattle industry in recent years. Iv!any sire summaries 
include graphs of genetic trends in individual traits such as 
weights at various age, scrotal circumference and calving ease. 
It is apparent there has been considerable emphasis on 
liveweight. Selection for liveweight has tended to: increase 
gro\\'1h rates and weight at almost any age, including birth 
weight (with increased calving difficulty) and mature cow size 
(with increased maintenance feed costs) while reproductive 
performance has decreased. Unlike some other livestock in­
dustries the impact of these changes on profit is not immedi­
ately apparent, nor has it been repeatedly quantified and com­
municated. \X'hat has been the aggregate value of these changes 
on the cow-calf and other sectors? How does the value of 
these changes compare to the costs that were incurred in 
obtaining it? \X''ho paid the costs and ~vho were the greatest 
benetlciaries of these changes? A leading edge industry should 
know the answer to these questions. 

Where have we gone wrong ? 
One explanation for our current circumstances is that we 

have developed tools such as EPDs without an agreed uision 
for the nature, scope and responsibility for delivery in the 
long term. \Y'e have delivered EPDs in a knee-jerk fashion­
first for weaning and yearling weight because data were eas­
ily collected. Later we added birth weight and rhen calving 
ease because selection for grmvth led to an increase in the 
incidence of difficult births. Then we added scrotal circum­
ference to try (but t~1il) Lo arrest rhe decline in reproductive 
performance. Along the 'vay we added mher trai£s such as 

temperament, carcass and various ultrasonic measurements. 
We developed these evaluations because \Ve kne\v how to do 
them, had the clara and we failed to see the unintended con­
sequences of selection on some of these characteristics be­
cause we did not have the time or the money to research 
them properly before their delivery to industry. The industry 
became the guinea pig and suffered some of the consequences 
of premature adoption. \\le concentrated on statistical prob­
lems in evaluation and in computational procedures for set­
ring up and solving equations and did little to assist breeders 
and producers in quantifying the ramifications of using our 
evaluations in their selection. If we had our time over again, 
we \Vould probably all make the same mistakes. But at CSU 
we have a vision to change some of this in the future. \\1e vvill 
be heavily reliant on Federal funding supp011 from the Na­
tional Beef Cattle Evaluation Consorth1m. The degree to "Yvhich 
the industry is ready to get behind and contribute to these 
efforts is also yet to be tested but we are motivated to try. 

Current use of EPDs 
l\.:Iany producers have admitted using EPD systems to en­

sure that they do not unintentionally change various attributes 
of their animals while selecting for one or more traits they 
recognize as having particular imponanccc. Pedigree and per­
formance recording is a costly enterprise, ancl is largely a 
wasted investment if its main Ctse is to avoid selection. No 
doubt, producers have been burnt in the past when selection 
for certain attributes has led to uninrenrional deterioration in 
other attributes. 

What can we do better ? 
Del'eloping selection objectives. First, \Ve need to remind 

ourselves that EPDs are a means to an end and not an end in 
themselves. A logical approach to animal improvement must 
begin with the goal, then the development of a breeding ob­
jective that retlects the list of traits that iniJuence the goal and 
thereby identifies the characteristics which we need to mea­
sure on our animals. \v'e don't want to think in the other 
direction (as we have in the past), starting with some charac­
teristics we can measure, generating an EPD and then hoping 
its addition \:vill make our toolkit more valuable. \ve \Vant to 
design the tools we need for the job, rather than limit our job 
to the tools that happen to be available today. 

There are few tools in existence that can assist a producer 
with a defined goal to identify their breeding objective. There 
are no such tools readily available for use in the US beef 
industry. Despite the existence of considerable knowledge of 
the economics of cow-calf operations, backgr )Lll1cling sys­
tems, feedlot finishing and packing plants, none of this infor-



marion is readily available in a format that \vill assist a pro­
ducer in identifying the list of traits and/or their relative em­
phasis for ust: in a breeding program. \Ve would like to change 
this. \XIe have started this \Vork in reLuion to researching some 
prototype "cbys to finish'' EPDs. These EPDs reflect the fact 
that finishing costs are most closely rebted to the number of 
days an animal spends on feed, to reach some desired weight, 
fat or marbling endpoint. It appears that the value of particu­
lar \veight, Ln and marbling EPDs can vary notably depend­
ing upon the management of the cattle with respeCI to the 
finish endpoint. 

Predict phenotypes rather than progeny differences 
(PDs). Consumers gain satisfaction from phenotypes, not 
EPDs. Decision makers are usually more comfortable inter­
preting phenotypic performance than interpreting FPDs. \Vhen 
we analyze pedigree and performance records, we obtain es­
timates of various effects, including effects of age, contempo­
rary group ~mel genetic effects. \Ve have grown accustomed to 
using estimates of only two of these effects, namely direct 
and maternal breeding values, expressed as EPDs to commu­
nicate the re.->ults of our endeavors. The invention of EPDs 
was a clever discovery to communicate, for a particular trait, 
the effects or a sire in respect to the performance of his off­
spring. This works very well for the direct effect of a trait 
such as \Veuling or yearling weight but is more difficult ro 
interpret for maternal characteristics or for some of the more 
recently developed "rate" traits such a heifer pregnancy or 
stayability. \\'hat would be more helpful, would be to use the 
knowledge of the effects from the mi.xeclmoclel analyses along 
"~vith any orher available knowledge to predict the pheno­
typic perfon~1ance that vvill likely result from the use of par­
ticular sires in your herd with your production and manage­
ment circumstances. Then this information will allow the rami­
fications and economic implications of the use of particular 
sires to be more readily assessed and taken into account by 
the breeding decision makers. 

For example, suppose vve .select for a weight trait such as 
yearling \veight. This is likely w result in a correlated increase 
in mature cow ·weight and in cow maintenance requirements. 
If we keep the size of our breeding cow herd constant, we 
have increas~d our total feed requirements. In a grazing see­
nark), if we had surplus feed ~tvailablc to suppon these larger 
cows we must have previously overlooked a management 
opp011unity to increase cow numbers. Selection is a slmv and 
inefficient m~thocl to make changes that could more quickly 
be achieved hy changing management. If our stocking rate or 
carrying cap~tcity was previously optimized, then it \Vill be 
necessary to reduce cow numbers or introduce more supple­
mentary feed:-; into the system in order to properly feed our 
improv<:d hvrd \Vithout compromising the environment. Most 
breeders and producers are not in a position to readily deter­
mine the correlated response in mature weight following se­
lection on yearling weight, nor can they easily determine the 
implications lO annual or seasonal feed requirements. \ve 
should be taking aclvantag<: of the knowledge of other animal 
scientists, Sll\ .. 'h as nutritionists, and incorporating their mod-
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els in concert vvith our evaluation systems. Such plans are 
behind our drive for a maintenance EPD and the construction 
of cia ys to finish EPDs. 

As another example, consider the interpretation of 
stayability EPDs. Stayability relates Lo the proportion of first­
calf heifers that are still present in the herd ar age six. An 
average stayability is about 50%. A positive EPD for stayability 
reflects the presence of genes for an increased ability to re­
peatedly avoid voluntary and involuntary culling. A bull vvith 
an EPD for stayability of 5% is expected to have, on average. 
s•!t·o more of his daughters still present in the herd at age SL"X. 

Clearly a positive EPD is favorable and stayahility is likely to 
have a significant impact on herd profit. But '\vhal are the 
actual ramifications of using a bull '\Vlth a 5%> EPD in your 
herd? \'\That does such a "rate" EPD mean in terms of income 
and costs. If this question cannot he readily answered. how 
can one expect to rank animals for the combined effect of 
stayabiliry and some other trait, such as livcweight or calving 
case? Realistically, the .interpretation of stayability relies on 
knowledge of the current herd age structure in order to deter­
mine the age stmcture at various times in the future as a 
result of using bulls with bener or worse stayability FPD. The 
age structure will int1uence the average sale weight of the calf 
crop as covv age has a significant influence on \veaning vveight. 
The age structure will int1uencc the annual requirement for 
replacements and the number of cull cows. The sensible ap­
proach to assessing the impact of stayability is achieved 
through the use of a computer-based decision support tool 
that allows the user to view the age structure of their herd 
and the likely (phenotypic) inputs (eg feed requirements) and 
outputs (eg sale animals) that are expected on an annual ba­
sis. Such a decision support tool should preferably be deliv­
ered via the world-wide web. 

Web delivery. \\7eb delivery of decision support tools \vill 
enable transparent on-line access to sire summaries and 
customization of the information that is displayed from those 
summaries. \\rith an ever-increasing list of EPDs, it makes no 
sense to overwhelm the bull breeder or bull buyer with this 
information. The information age should make bull selection 
easier, not more difficult. A tiered system of information de­
livery should allow the user to focus on the traits of most 
interest to them, but still allow access to any other supporting 
information available on an individual. 

\\-'eb deJivery facilitates the prorotyping of new EPDs and 
can speed up the rate at which these are rolled out to the 
industry. Some of the new EPDs can be presented in many 
different ways and it requires some degree of trial and en-or 
to identUy the approach that make the most sense to users. 
Some producers may find value in calculating functions of 
EPDs, for example, calculating a postwL:"aning gain EPD from 
the ditlerence between the yearling weight and the weaning 
'\Veight EPD. A maintenance energy EPD could be calculated 
as a function of various weight ancl condition score EPDs. An 

economic index of two or mon.:: EPDs can be obtained by 
multiplying each EPD by its relative economic value. All of 
these operations are difficult to achieve using paper-based 



sire summaries. bur arc straight fof\vard on a \vch-based de­
livery system. 

\Xleh delivery allows graphical methods of clispbying EPD 
information. It is ve1y difficult to rapidly inspect a variety of 
numerical values from a published table but the same infor­
mation displayed in bars or some other graphical form can be 
quickly interpreted. 

One of the recently popularized approaches for analyzing 
longitudinal data such as '>'."eights taken at various stages of 
life is by random regression. This procedure has the advan­
tage that weights from any age can be included in analyses 
and improve the accuracy of predicting weights at other ages. 
Furthermore, the solutions can be used to predict the weight 
of an animal at any arbitrary age, or the model can he fit in a 
manner that enables prediction of the number of days an 
animal will take ro reach a particular finish endpoinL This 
approach might generate far too many EPDs to be published 
in printed form, bur would provide ready customizarion for 
different users via an online \Veb-based delivery system. 

Most sire summaries and animal breeding courses go into 
some detail to discuss the interpretation of EPD accuracies. 
The calculations and formal imerpreration of accuracy are not 
straightfof\vard for the average user. \Veb delivery of EPDs 
allo\VS visualization of EPD accuracy, for specific traits and/ 
or specific bulls. 

Account for breed and crossbred effects. Ever)' animal 
breeding undergraduate class has been taught for many years 
that the performance of outcrosses bem·een animals of differ­
ent breeds will be influenced by heterotic el'fects as well as 
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by the proportion of genes represemed from each of the 
breeds. Numerous smdies have been undertaken in recent 
decades to determine breed and heterosis effect~. for example 
the successive phases of the MARC gennplasm evaluations. 
In order to predict the future performance of any such crosses, 
it is necessary to add the breed effects, heterosis and relevant 
EPDs for each trait of interest. Notwithstanding the difficul­
ties of breed by environment interaction in extrapolating re­
sults to your O\\'n herd, there are currently no readily avail­
able decision support tools that combine the aYailable infor­
m::ltion on selection and crossbreeding in a way rhar aids ob­
jective decision making. 

Summary 
Over the last three decades, breeders have been provided 

with better tools to describe the likely performance of off­
spring with respect to some attributes of their cattle. How­
ever, the scope of available tools is far short of existing scien­
tific knowledge. An opportuniry exi.srs to capture current 
knowledge and make it more accessible to decision makers 
in the context of selection. This includes knowledge relating 
ro feed requirements, finishing characteristics, heterosis and 
breed effects (among others) in a production systems setting. 
\Vcb delivery is critical to making such new tools available to 
bull breeders and bull buyers in a cost-effective manner. Colo­
rado State University, along with some of its Center for Ge­
netic Evaluation of Livestock (CGEU clients and the National 
Beef Cattle Evaluation Consortium. has b~gun developing and 
implementing such a vision. 
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Introduction 
This rep01t is the year 200.) update of estimates of sire 

breed mean:-; from daw of the Germplasm Evaluation (GPE) 
project at the C.S. ~kat Animal Research Center (1\·1ARC) ad­
justed to a year 2001 base using EPDs from the most recent 
national canle evaluations. Factors to adjust EPD of 17 breeds 
to a common birth year of 2001 \Vere calculated and reported 
in Tables 1-5 for birth weight, ·weaning weight, and yearling 
weight and in Table ~~ for 15 breeds for the !viiLK componenr 
of maternal weaning weight. 

Changes from thl' 2002 update (Van Vleck ~111d Cundiff, 
2002) are as follows: 
I. Records were added for the first time for 21 Brangus sires 

with 21.:; calves and for 20 Beefmaster sires with 205 calves 
~u US:\IARC. :\laternal information will not be available for 
two morL· years. 

2. Braunvieh <.:vas added last year but two more (total of seven) 
sires with 52 calves ( toral nov,, 188) \Vere included this 
year. Tho:-;e two sires also added about 50% more maternal 
rL·cords for the ~MILK analysis. 

3. The EPDs of seven Hereford sires used in Cycles I and II of 
GPE which had not been reported last year \vere reponed 
this year which added several hundred Herdord calves to 

the total nJmpared \Vith the year 2002 analyses. 
4. ~Ltternal data for Red Angus tripled from last year when 

maternal granddaughtl'r performance first became av:Jilable. 
5. New claw on maternal performance of females with Here­

ford, Angus: Simmental. Limousin, Charolais, and Gelhvieh 
sires added about HO rL·corcls of grandprogeny for each 
breed. 

The acnl.'s-breed table adjustments apply only to EPDs 
for most reL·enr On most cases; spring, 2003) national canle 
evaluations. ~erious biases can occur if the table adjustments 
are used with earlier EPDs which may have heen calculated 
with a cliffcrl.:'nt \vithin-hrecd base. 

Materials and Methods 
Adjustment for beterosis 

The philosophy underlying the calculations has been that 
bulls compared using the across-breed adjustment f;Ktors will 
be used in ~~ crossbreeding situation. Thus calves <tncl cows 
would geneully exhibit I om.-o of direct and materna I heterozv­
gosity for ivliLK an:.1lysis and l()()l);i) of direct hetcrozygosity t-;r 
B\\.'T, \VWI'. and l'\VT analyses. The use of the l\:IAI<C III 
composite ( l!A each of Pinzgauer, Red Poll. I fereforcl, and 
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Angus) as a dam breed for Angus. Brangus, Hereford and 
I~ecl Angus sires requires a small adjustment for level of het­
erozygosity for analyses of calves for B\\.rT, \\l\v'T and '{\XT 
and for cmvs for maternal weaning weight. Some sires (all 
multiple sire pasture mated) mated to the F1 cows are also 
crossbred so that adjustment for direct heterozvoositv for the 
maternal analysis is required. Two approache~ '"'ror ~ccount­
ing for differences in breed heterozygosity were tried \vhich 
resulted in similar final table adjustments. One approach is w 
include kvl'i of heterozygosity in the statistical models which 
essentially ~tdjusts to a basis of no hcterozygosity. The other 
approach is based on thc original logic that hulls will be mated 
to another breed or line of dam so that progeny \Vill exhibit 
100'!-'b heterozygosity. !\.lost of the lack of heterozygosity in the 
data results from homozygosity of Hereford or Angus genes 
ti·om pure llcreford or Angus matings and also ti·om Red Angus 
by Angus and from Hereford, Angus or Red Angus sires mated 
'\Vith ~viA1~C fiT composite dams ( 1/4 each, Pinzgauer, Red Poll. 
Hereford, and Angus). Consequently, the second approach 
was follm:vcd with estimates of heterosis obtained from analv­
ses of BWT', \V\'X1T \\'fT, and M\\:.'\X'T using only records fro;11 
the imbedclecl diallel experiments \Vith Hereford and Angus. 
Red Angus by Angus matings were assumed not to result in 
heterosis. \X.ith Brangus representing '1/H and 3/S inheritance 
from Angus and Brahman genes, records of Brangus sired 
calves \\1ere also adjusted to a full F 1 basis when dams were 
Angus cows and :vL-\RC III cows ( 1,/4 Angus). The adjustment 
for calves vvith Beefmaster (1/2 Brahman, 1/4 Shorthorn, 1/--! 

Hereford) sires was only \vhen dams \Vere NIA.RC III cmYs 
(1/4 Hereford) as Beefma.ster sires were not mated to Here­
ford cows. 

The steps were: 
1. Analyze records from H-A cliallcl experiments to estimate 

direct heterosis effects for B\X·T. \'\-'W'T, l'\XT (1.326. 1.279. 
and 1.219 records for BWT, \X·'\\ ... T. and YW'T, respectively. 
representing 152 sires). The H-A di:dlel experiments were 
concluctccl as part of Cycle I ( 1970-11)72 calf crops), Cycle 
II (li.J73-1974), Cycle IV 0986-1990) and Cycle \·11 0999-
2001) of the GPE program at MARC. 

2. Adjust maternal weaning '\\'eight (~·1\\/WTl records of calves 
of the H-A cows from the cliallel for estimates of dir<.:ct 
heterosis from 1) and then estimate maternal heterosis ef­
fects from 3. 116 weaning weight records of 750 daughters 
representing 166 Hereford and Angus maternal granclsires. 

3. Adjust all records used for analyses of B\\?T. W\'vT and 
\\\·'T for lack of direct heterozygosity using estimates from 
1), and 



4. Adjust all records used for analysis of Ivl\X·'\\'1' for bck of 
hOLh direct and maternal heterozygosity using estimates 
from U ;1nd 2). 

Nloclels for the analyses to estimate heterosis \Vere the same 
as for the across-breed analyses with the obvious changes in 
breed of sire and breed of dam effects. 

Estimates of direct heterosis were 3.01. 14.70, and 30.54 lb 
for B\\IT, W\X·'T and 1:'\VT, respectively. The estimate of ma­
ternal heterosis was 23A4 lb for rvt\VWT. As an example of 
step 3), birth \.veight of an H by I J calf \Vould have 3.0 l added. 
A Red Angus by MAI~C III calf woukl have (1/4) (3.01) added 
to its birth weight. A Heel Poll sired calf of an Angus by MARC 
III dam \VOuld have 0/8) (14.70l plus (1/4) (23."!4) added to 
its weaning weight record to adjust to 100% heterozygosity 
for both direct ~tnd maternal components of weaning \Veight. 

After these adjustmems, all calculations were as outlined 
in the 1996 BIF Guidelines. The basic steps v-cere given by 
-"Jotter and Cundiff <1991) vvith refinements by :'\C1!1ez­
Dominguez et al. 0993), Cundiff ( 1993, 199"!), Barkhouse et 
al. ( 1994, 1995), and Van Vleck and Cundiff 0997, 1998, 1999, 
2000, 2001, 2002). All calculations \VCt"l' done \Vith programs 
written in Fortran Ltnguage with estimates of variance com­
ponents, regression coefficients, and breed effects obtained 
with the .\ITDFREivlL package <Boldman eta!., 1995). All breed 
solutions are reported as differences from Angus. The table 
values to add to \Vithin-breed EPDs are relative to Angus. 

For completeness, the basic steps in the cakubtions will 
he repeated. 

Models for Analysis of MARC Records 
Fixed effects in the models for birth wdght, weaning weight 

( 205-cl) and yearling \:veight (365-d) were: breed of sire ( 17l. 
d~1m line (Hereford, .Angus . .i\1ARC Ill composite) hy sex (fe­
male, male) by age of dam (2, 3, "·1, S-9, 310 yr) combination 
(49>. year of birth (21) of dam 0970-76, 86-90. 92-94 and 97-

99. 2000-02) by dam line combination ( 101) and a separate 
covariate for day of year at birrh of calf for each of the three 
breeds of dam. Cows from the Hereford selection lines have 
been used in GPE. To accounr for differences from the origi­
nal Hereford cows. Hereford dams were subdivick·d into the 
selection lines and others. That refinemenr of the model had 
little effect on breed of sire solutions. Dam of calf was in­
cluded as a random effect to account for correlated maternal 
effects for cows with more th;m one calf (4,630 clams for 
B\VT, lf,395 for W\VT, 4,248 for Y\X-'T), For estimation of vari­
ance components and to estimate breed of sire effects, sire of 
calf was also used as a random effect ( 591 ). 

Variance components were estimated with a derivative-free 
REML algorithm. At convergence, the breed of sire solutions 
\Vere obtained as \Vere the sampling variances of the esti­
mates to usc in constructing prediction error variance for pairs 
of bulls of different breeds. 

For estimation of coefficients of regression of progeny per­
formance on EPD of sire, the random sire effect was dropped 
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from the model. Pooled regression coefficients, and regres­
sion coefficients by sire breed. by dam line, and by sex of calf 
\Vere obtained. These regression coefficients are monitored 
as accuracy checks and for possible genetic by environment 
interactions. The pooled regression coeffkients were used as 

described later to adjust for genetic trend and bulls used m 
J'vtAHC. 

The fixed eff<.:cts for the analys<.:s of maternal effects in­
cluded breed of maternal grandsire ( 1-) ), maternal granddam 
line (Hereford, Angus, :\:JARC III), breed of natural service 
m:lling sire 06), sex of calf (2), birth ye~tr-GPE cycle-age of 

clam subclass (75), and mating sire breed by GPE cycle hy 
age of dam subclass (40) with a covariate for day of year of 
birth. The subclasses are used to account for confounding of 
years, mating sire breeds, and ages of dams. Ages of dams 
were (2. 3, 4, 5-9, 310 yr). For estimation: of vari.:tnce compo­
nents and estimation of breed of maternal grandsire effects, 
r~tndom effects were maternal grandsirc ()56) and dam (2.H92 

daughters of the maternal grandsiresl. Sires were unknown 
within breed. For estimation of regrcs;;ion coefficients of 
granclprogeny weaning ·weight on matt:rnal grandsire EPD for 
weaning weight and milk. random effects of both maternal 
grandsire and dam (daughter of MGS) \Vere dropped from 
the model. 

Adjustment of MARC Solutions 
The calculations of across-breed adjustment factors rely on 

solutions for breed of sire or breed ol, maternal grandsire 
from records at J'\IARC ;md on averagL'S of within-breed EPDs. 
The records from 1\·L·\RC are not included in calculation of 

\vithin-hrecd EPD. 
The basic calculations for B\Vf, \V\'\/T, and '{\VT are as 

follows: 

!vlARC breed of sire solution adjusted for genetic trend (as if 
bulls born in the base year had been used rarher than the 

bulls actually used). 

M, = MARC (i) + b[EPD(i)vv - EPD(i)MARcl· 

Breed table factor to add to the EPD for a bull' of breed i: 

A,= (M,- Mx)- (EPD(i)vv- EPD(x)vv) 

where, 

MARC(i) is solution from mixed model equations with MARC data 
for sire breed i, 

EPD(i)vv is the average within-breed EPD: for breed i for animals 
born in the base year (YY, which is two years before the update; 
e.g., YY = 2001 for 2003 update), 

EPD(i)MARc is the weighted (by number of progeny at MARC) aver­
age of EPD of bulls of breed i having progeny with records at MARC, 

b is the pooled coefficient of regression of progeny performance at 
MARC on EPD of sire (for 2003: 1.05, 0!83, and 1.13 for BWT, 
WWT, YWT), 

i denotes sire breed i, and 

x denotes the base breed, which is Angus in this report. 



The calculations to arrive at the Breed Table Factor for 
milk are more complicated because of the need to separate 
the direct effect of rhe maternal grandsire breed from the 
maternal (milk) effect of the breed. 

.rvL-\RC breed of maternal grandsire solution for \X·'W'T adjusted 
for genetic trend: 

MWWT(i) = MARC(i)MGS + b .. wJt[EPD(i)vvwWT - EPD(i)MARCWWT] 

+ bMLK[EPD(i)YYMLK - EPD(i)MARCMLK] 

MARC breed of maternal grandsire solution adjusted for genetic trend 
and direct genetic effect: 

MILK(i) = [MWWT(i) - 0.5 M(i)] - lMWWT - 0.5 M] 

Breed table factor to add to EPD for MILK for bull of breed i: 

A;= [MILK(i) - MILK(x)]- [EPD(i)YYMLK- EPD(i)MARCMLK] 

where, 

MARC(i)MGs is solution from mixed model equations with MARC 
data for MGS breed i for WWT, 

EPD(i)vvwwr is the average within-breed EPD for WWT for breed i 
for animals born in base year (YY), 

EPD(i)MARcvNvr is the weighted (by number of grandprogeny at 
MARC) average of EPD for WWT of MGS of breed i having 
grandprogeny with records at MARC, 

EPD(i)YYML·; is the average within-breed EPD for MILK for breed i 
for animals born in base year (YY), 

EPD(i)MAACMLK is the weighted (by number of grandprogeny at 
MARC) average of EPD for MILK of MGS of breed i having 
grandprogeny with records at MARC, 

bwwr, bMLK are the coefficients of regression of performance of 
MARC grandprogeny on MGS EPD for WWT and MILK (for 2003: 
0.57 and 1.19), 

M(i) = M; is the MARC breed of sire solution from the first analysis 
of direct breed of sire effects for WWT adjusted for genetic trend, 

MWWT and M are unneeded constants corresponding to 
unweighted averages of MWWT(i) and M(i) fori= 1 , ... , n, the num­
ber of sire (maternal grandsire) breeds included in the analysis. 

Results 
Tables 1. 2. and 3 (for B\\Tf, \\·'\VT and Y\XTf) summ:uize 

the data from. and results of, !vL-\RC analyses to estirnate breed 
of sire differences and the adjustments to the breed of sire 
effects ro a year 2001 base. The last column of each table 
corresponds to the .. breed table'' factor for that trait. 

The general result shown in Tables 1-4 is that many breeds 
are continuing to bL·come more similar to the arbitraty base 
breed, Angus .. \!lost of the other breeds have not changed 
much relati\·e to each other. Colunm 7 of Tables 1-3 and col­
umn 10 of Table 4 represent the best estimates of breed dif­
ferences for calves born in 200 I . These pairs of differences 
minus the corn:sponding differences in average EPD for ani­
mals born in 2001 result in the last column of the tables to be 
used as adjustments for pairs of within-breed EPD. 
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Birtb V<leigbt 

The range in estimated breed of sire difference for B\\'T 
relative to Angus is large: from 1.5 lb for Red Angus to 9.5 lb 
for Charolais and 12.3 lb for Brahman. The relatively heavy 
birth weights of Brahman sired progeny would be expected 
to be completely offset by favorable maternal effects reduc­
ing birth weight if progeny were from Brahman or Brahman 
cross dams \vhich \voulcl be an important considerdtion in 
crossbreeding programs involving Brahman cross females. The 
trend seen in past years of the ditlerences from Angus be­
coming smaller seems to have stopped. Differences from Angus 
were only slightly changed from the 2002 update bur most of 
rhe changes were to slightly larger differences from Angus. 
The adjustments for heLerosis were slightly smaller than last 
year for straightbrcd Angus calves and Angus sired calves 
t'rom IvlAHC m cows. Adjusted breed of sire effects for Brangus 
and Beefmaster -..vere similar to the averages for their founder 
breeds and were intermediate between Angus and Brahman. 

Suppose the EPD for birth vveight for a Charolais bull is 

+ 2.0 (which is above the year 2001 average of 1.5 for Charo­
lais) and for a Hereford buB is also + 2.0 (which is below the 
vear 2001 average of 3.8 for Herefords). Then the adjusted 
EPD for the Chc.~rolais bull is 10.5 + 2.0 = 12.5 and for the 
Hereford bull is 3.3 + 2.0 = 5.3. l11e expected birth weight 
difference when both are mated to another breed of cow. 
e.g., Angus, \VOuld be 12.5 - 5.3 = 7.2 lb. 

\.veaJzing \.fleight 

\X-Teaning weights also seem to be becoming more similar 
for the breeds when used as sire breeds . .\-lost of the changes 
bet\veen the year 2002 and 2003 updates were about 2 lb or 
less except for Hcreforcl (+3.0 pattly clue to the seven bulls 
not reponed in 2002) and Braunvieh (+4.2) due to the wean­
ing weights of the two 2new2 Braunvieh sires when com­
pared with Angus sired calves. Brangus and Beefmaster sire 
breed effects adjusted to a 2001 base were almost exactly the 
\veighted averages of their founder breeds. All except three 
sire breed means for \V\vT adjusted to year of birth of 2001 
are \Vithin about 10 lb of the Angus mean. 

}·earling Weight 

Changes in adjusted differences from Angus from the 2002 
update \Vere relatively small. The major exception was for 
Braunvieh. Progeny of two 2ne\.v2 Braunvieh sires closed the 
difference from Angus from -56.5 to -'"'J:2.5. The difference 
between Hereford and Angus \vas also smaller, probably due 
to including again this year d1e seven sires missing last year. 
These seven sires -..vere reference sires that produced a rela­
tively larger number of progcny in cycles I 0970-1972), II 
0973-1974), III 0975-1976). and cycle IV 0986-1990) of the 
Germplasm Evaluation Program at .i\L-\RC. Changes from last 
year of 4 to S lb for Pinzgauer and Tarentaise seem due pri­
marilv to the head-to-head comparison with Angus at ~L.\RC. 
Bran~us and Beefmaster adjusted means for r\vT, as with 
B\Vf and \\·'\v'T. are close to the \Veighted average for their 



Table 1. Breed of sire solutions from MARC, mean breed and MARC EPDs used to adjust for genetic 
trend to 2001 base and factors to adjust within breed EPDs to Angus equivalent- BIRTH WEIGHT (lb) 

Raw Ave. Base EPD Breed Soln Adjust to Factor to 

MARC Breed MARC at MARC 2001 Base adjust EPD 
Number Mean 2001 Bulls + Ang vs Ang + Ang vs Ang to Angus 

Sires Progeny (1) (2) (3) (4} {5) (6) {7) (8) 
Hereford 113 1817 87 3.8 2.5 88 3.6 89 4.5 3.3 
Angus 105 1421 84 2.6 2.2 84 0.0 84 0.0 0.0 
Shorthorn 25 181 87 1.8 0.9 90 6.4 91 7.0 7.8 
South Devon 15 153 80 0.0 -0.2 88 4.3 89 4.1 6.7 
Brahman 40 589 98 1.9 0.7 96 11.6 97 12.3 13.0 
Simmental 48 623 87 3.1 2.8 91 7.0 91 6.9 6.4 
Limousin 40 589 83 1.3 -0.5 87 3.0 89 4.5 5.8 
Charolais 75 675 89 1.5 0.5 93 8.8 94 9.4 10.5 
Maine-Anjou 18 218 94 3.2 6.0 95 10.6 92 7.2 6.6 
Gelbvieh 48 595 89 1.4 1.0 88 4.2 89 4.1 5.3 
Pinzgauer 16 435 84 -0.1 -0.4 89 5.2 89 5.0 7.7 
Tarentaise 7 199 80 2.2 1.8 87 3.2 88 3.2 3.6 
Salers 27 189 85 1.3 1.5 88 4.4 88 3.8 5.1 
Red Angus 21 206 85 0.5 -0.7 85 0.6 86 1.5 3.6 
Braunvieh 7 188 88 1.1 0.7 89 5.2 90 5.1 6.6 
Brangus 21 215 91 2.0 2.4 90 5.9 90 5.1 5.7 
Beefmaster 20 205 96 0.5 0.8 93 8.5 92 7.8 9.9 
Calculations: 
(4) = (5) + (1 I Angus) 
(6) = (4) + b[(2)- (3)] with b = 1.05 
(7) = (6)- (6~ Angus) 
(8) = (7)- (7~ Angus)- [(2)- (2 1 Angus)] 

Table 2. Breed of sire solutions from MARC, mean breed and MARC EPDs used to adjust for genetic 
trend to 2001 base and factors to adjust within breed EPDs to Angus equivalent- WEANING WEIGHT (lb) 

Raw Ave. Base EPD Breed Soln Adjust to Factor to 
MARC Breed MARC at MARC 2001 Base adjust EPD 

Number Mean 2001 Bulls + Ang vs Ang + Ang vs Ang to Angus 
Breed Sires Progen~ (1) (2) (3) (4} (5) (6) (7) (8) 
Hereford 112 1712 503 34.0 22.8 501 -2.7 511 -2.4 -2.4 
Angus 106 1315 504 34.0 23.2 504 0.0 513 0.0 0.0 
Shorthorn 25 170 521 13.1 6.9 518 14.1 523 10.3 31.2 
South Devon 15 134 443 16.2 0.2 503 -0.6 517 3.7 21.5 
Brahman 40 509 532 15.1 4.7 520 16.1 529 15.8 34.7 
Simmental 47 564 505 35.1 23.9 526 22.4 536 22.7 21.6 
Limousin 40 533 477 12.4 -1.6 503 -0.8 515 1.9 23.5 
Charolais 74 600 514 14.6 5.7 527 23.3 535 21.7 41.1 
Maine-Anjou 18 197 459 16.2 23.4 519 15.1 513 0.1 17.9 
Gelbvieh 48 559 507 36.0 30.5 518 14.3 523 9.9 7.9 
Pinzgauer 16 415 478 0.6 -4.1 504 -0.1 508 -5.2 28.2 
Tarentaise 7 191 476 12.0 -4.8 507 2.7 521 7.8 29.8 
Salers 27 176 525 13.2 7.4 516 11.7 521 7.6 28.4 
Red Angus 21 199 535 27.0 27.2 505 1.0 505 -8.2 -1.2 
Braunvieh 7 183 451 6.3 6.7 516 12.0 516 2.6 30.3 
Brangus 21 208 550 20.9 26.1 524 20.3 520 7.0 20.1 
Beefmaster 22 215 563 6.1 14.2 530 26.3 524 10.6 38.5 
Calculations: 
(4) = (5) + (1 I Angus) 
(6) = (4) + b[{2) - (3)) with b = 0.83 

(7) = (6)- {6 1 Angus) 
(8) = (7) - (7~ Angus) - [(2) - (2, Angus)] 
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Table 3. Breed of sire solutions from MARC, mean breed and MARC EPDs used to adjust for genetic 
trend to 2001 base and factors to adjust within breed EPDs to Angus equivalent--YEARLING WEIGHT (lb) 

Raw Ave. Base EPD Breed Soln Adjust to Factor to 
MARC Breed MARC at MARC 2001 Base adjust EPD 

Number Mean 2001 Bulls + Ang vs Ang + Ang vs Ang to Angus 
Breed Sires Progeny (1) (2) (3) (4) (5) (6) (7) (8) 
Hereford 112 1627 851 58.0 38.9 851 -20.8 873 -20.1 -15.1 
Angus 106 1259 872 63.0 44.5 872 0.0 893 0.0 0.0 
Shorthorn 25 168 918 20.5 13.4 887 14.8 895 2.0 44.5 
South Devon 15 134 744 22.5 0.2 868 -4.3 893 0.0 40.5 
Brahman 40 438 838 25.1 8.5 831 -41.3 849 -43.4 -5.5 
Simmental 47 528 852 58.4 39.3 888 15.9 909 16.5 21.1 
Limousin 40 527 797 23.4 0.4 848 -24.2 874 -19.1 20.5 
Charolais 74 566 882 24.8 10.7 897 24.5 912 19.6 57.8 
Maine-Anjou 18 196 787 31.3 46.2 884 11.7 867 -25.9 5.8 
Gelbvieh 48 555 849 66.0 55.1 863 -8.7 876 -17.3 -20.3 
Pinzgauer 16 347 838 0.7 -8.0 846 -26.3 855 -37.4 24.9 
Tarentaise 7 189 807 23.0 -3.4 836 -36.1 866 -27.2 12.8 
Salers 27 173 899 21.1 10.5 880 7.6 892 -1.3 40.6 
Red Angus 21 194 916 46.0 47.0 877 4.8 876 -17.1 -0.1 
Braunvieh 7 182 737 7.0 10.9 855 -17.2 850 -42.5 13.5 
Brangus 21 155 957 33.5 44.0 886 14.2 874 -18.4 11.1 
Beefmaster 22 159 972 11.1 24.6 886 13.9 871 -22.2 29.7 
Calculations: 

(4) = (5) + (1, Angus) 

(6) = (4) + b[(2)- (3)] with b = 1.13 

(7) = (6)- (6, Angus) 

(8) = (7)- (7, Angus)- [(2)- (2, Angus)] 

Table 4. Breed of maternal grandsire solutions from MARC, mean breed and MARC EPDs used to adjust for genetic 
trend to 2001 base and factors to adjust within-breed EPDs to Angus equivalent- MILK (lb) 

Raw Mean EPD 
MARC Breed MARC 

Number Mean WWT MILK WWT MILK 
Breed Sr Gpr Daughters (1) (2) (3) (4) 
Hereford 96 2400 621 472 34.0 12.0 18.5 
Angus 92 1669 446 489 34.0 17.0 16.4 
Shorthorn 22 251 69 527 13.1 2.3 6.9 
South Devon 14 347 69 488 16.2 6.3 0.1 
Brahman 40 880 216 522 15.1 7.7 4.8 
Simmental 47 909 233 509 35.1 7.6 19.0 
Limousin 40 879 233 474 12.4 5.1 -7.9 
Charolais 68 820 224 498 14.6 9.0 1.6 
Maine-Anjou 17 485 86 533 16.2 4.0 22.8 
Gelbvieh 46 765 222 528 36.0 18.0 29.6 
Pinzgauer 15 545 133 504 0.6 -1.0 -1.7 
Tarentaise 6 341 78 513 12.0 1.5 -6.0 
Salers 25 351 87 534 13.2 8.0 5.8 
Red Angus 21 112 83 450 27.0 14.0 26.7 
Braunvieh 7 502 92 542 6.3 -0.3 7.3 
Calculations: 

(6) = (7) + (1, Angus) 

(8) = (6) + bw.....- [(2)- (4)] + bMLK [(3)- (5)] with bwwr = 0.57 and bMLK = 1.19 

(9) = (8) - (8, Angus) 

(1 0) = [(9) -Average (9)]- 0.5[(7, Table 2) -Average (7, Table 2) J 

(11) = [(10)- (10, Angus)]- [(3)- (3, Angus)] 
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(5) 
5.6 
7.0 
6.8 
5.6 
2.7 
8.3 
0.0 
3.7 
4.8 
17.6 
6.4 
4.7 
9.7 
14.7 
-1.1 

Breed Soln Adjust to 
at MARC 2001 Base 
MWWT MWWT 

+ Ang vs + Ang vs 
Ang Ang 

(6) (7) (8) (9) 
472 -16.9 488 -22.4 
489 0.0 511 0.0 
515 26.2 513 2.4 
494 5.1 504 -6.8 
524 34.8 536 24.7 
514 24.5 522 11.0 
482 -6.5 500 -10.7 
502 13.1 516 4.9 
511 21.6 506 -5.0 
516 27.5 521 9.7 
504 14.8 496 -14.6 
511 21.8 517 6.2 
515 25.8 517 6.1 
494 4.8 493 -17.8 
518 28.6 518 7.1 

Factor to 
Adjust MILK 

EPD to 
MILK Angus 
(1 0) (11) 
-17.9 -16.2 
3.3 0.0 
0.6 12.0 
-5.4 2.1 
20.1 26.1 
2.9 9.0 
-8.4 0.2 
-2.7 2.0 
-1.7 8.0 
8.1 3.8 
-8.7 6.0 
5.6 17.8 
5.6 11.3 

-10.4 -10.7 
9.1 23.1 



founder breeds and reflect the adverse effect of cold weather 
on postweaning grmvth rate of progeny with Brahman sires. 
Adjusted to a base year of 2001, Angus have heavier yearling 
weights than 10 breeds 0.3 to 43.4 !h) and lighter yearling 
t;Veights than 3 breeds (2.0 to 19.6 lb). 

"lflLK 

As \Vith previous updates, changes relative to Angus are 
somewhat volatile. !vlost of the larger changes from the 2002 
update seem associated with more maternal records. Gelhvieh 
decreased relative to Angus but bolh had more malernal per­
formance records. The largest change \Vas for Red Angus but 
nearly three times more Red Angus grandprogcny had records 
in the 2003 analysis than in the 2002 analysis. The change for 
Heel Angus is due almost entirely ro the change in breed of 
sire solution for Red Angus vs Angus with the added 
grandprogeny at ~·L-\RC. The large change for Salers is due to 
the inexplicable change in ~HLK EPD of bulls which pro­
duced calves at 1\:IARC. Th<: average !viiLK EPD for the 1\:fARC 

bulls increased from 4.4 ro 9.7. The same bulls \Vere included 
in both the 2002 and 2003 analyses. The breed average for 
EPD for iviiLK, hmvever, was 8.0 lb for both the 2000 and 
2001 years of bitth. 

Table 5 summarizes the average BIF accuracy for hulls with 
prog<:ny at MARC \Veightecl appropriately by number of prog­
eny or grandprogeny. South Devon bulls had relatively small 
accuracy for all traits as did Hereford. Brahman, and ~ilaint:­
Anjou bulls. Braunvieh bulls had lmv accuracy for mill<. The 
accuracy values for Brangus are relatively high. Table 6 re­
ports the estimates of vari:.mce components from lhe records 
that \overe used in the mixed model equations to obwin hre<:d 
of sire and breed of MGS solutions. Neil her Table 5 nor Table 
6 changed much from the 2002 report. 

Table 7 updates lhe coefficiems of regression of records of 
~vL\RC progeny on sire EPD fcx BWT, \X·'\X'T and r\X·'T which 
have theoretical expect<:d values of 1.00. The standard errors 
of the specific breed regression coefficients are large relative to 
the regression cod"ficiems. Large differences from the theoreti­
cal n.:gressions, however, may indicate problems with genetic 
evaluations, identification, or sampling. The pooled Coveral]) 
regression cocfficienrs of 1.05 for BW'T, 0.83 for W'\X·'T, and 
1.13 for r\X!T \Vere used to adjust breed of sire solutions to the 
base year of 2001. These regression coefficients are reasonably 
close to expected values of 1.0. Deviations from 1.0 are be­
lieved to be clue to scaling differences bl't\veen performance 
of progeny in the rvL-\RC herd and of progeny in herds comrib­
uting to the national genetic evaluations of U1L' 17 breeds. 

l11e regression coefficienr for female progeny on sire EPD 
vvas 0.97 compared to 1.26 for steers. l11ese differences are prob­
ably expected since postweaning average daily gains for heifers 
h~tve been significantly less than those for steers. The females 
were feel relatively high roughage diet<; to support average daily 
gains of 1.6 lh per clay \Vhile the steers were feel relatively high 
energy growing and finishing diets supporting averagl' daily gains 
of about 3.'-! lb per day. For reasons that have never been clear, 
the regressions for sex used to t1uctuate widely from year to 
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Table 5. Mean weighteda accuracies for birth weight 
(BWT), weaning weight (WWT), yearling weight (YWT), 
maternal weaning weight (MWWT) and milk (MILK) for 
bulls used at MARC 
Breed BWT WWT YWT MWWT MILK 
Hereford 0.56 0.53 0.48 0.48 0.46 
Angus 0.88 0.87 0.84 0.83 0.81 
Shorthorn 0.81 0.80 0.74 0.81 0.78 
South Devon 0.37 0.39 0.37 0.41 0.42 
Brahman 0.50 0.54 0.37 0.55 0.41 
Simmental 0.94 0.93 0.92 0.95 0.94 
Limousin 0.95 0.93 0.89 0.94 0.90 
Charolais 0.81 0.79 0.69 0.77 0.68 
Maine-Anjou 0.72 0.71 0.71 0.71 0.71 
Gelbvieh 0.72 0.65 0.51 0.67 0.55 
Pinzgauer 0.85 0.68 0.62 0.70 0.64 
Tarentaise 0.95 0.95 0.94 0.95 0.95 
Salers 0.81 0.81 0.75 0.80 0.81 
Red Angus 0.87 0.84 0.83 0.83 0.79 
Braunvieh 0.77 0.70 0.69 0.70 0.48 
Bran gus 0.76 0.75 0.61 
Beefmaster 0.57 0.66 0.47 
a Weighted by number of progeny at MARC for BWT, WWT, and 

YWT and by number of grandprogeny for MWWT and MILK. 

Table 6. REML estimates of variance components (lb2
) for 

birth weight (BWT), weaning weight (WWT), yearling 
weight (YWT), and maternal weaning weight (MWWT) from 
mixed model analyses 

Analysis 8 BWT 
Direct 
Sires (650) within breed 11.4 

(17) 
Dams (4395) within 26.8 

breed (3) 
Residual 68.0 
Maternal 
MGS (556) within MGS 

breed (15) 
Daughters within MGS 

(2892) 
Residual 
a Numbers for weaning weight. 

Direct 
WWT 

152 

876 

1535 

YWT 

639 

1231 

4125 

Maternal 
MWWT 

185 

899 

1272 

year. but for the past tlve years the pattern has been fairly con<>is­
tent (female estimates have ranged from .94 to 1.02; while male 
estimates have ranged from 1.26 to 1.32). 

The coefficients of regression of records of grandprogeny 
on ~:JGS EPD for W'\X·T and ~diLK are shown in Table 8. Sev­
eral sire (i\oiGS) breeds have regression coefficivnts consider­
ably different from the theoretical expected valLes of 0.50 for 
\V\\>'T and 1.00 for i\·IILK. The standard errors for the regres­
sion coefficients by breed are large except for Angus and 
Hereford. The standard errors for regression CO(. llicients over 
all breeds of granclsires associated with heifers and ste<:r.s 



Table 7. Pooled regression coefficients (lb/lb) for weights 
at birth (BWT), 205 days (WWT), and 365 days (YWT) of F1 

progeny on sire expected progeny difference and by sire 
breed, dam breed, and sex of calf 

BWT WWT YWT 
Pooled 1.05 ± 0.05 0.83 ± 0.05 1.13 ± 0.05 
Sire breed 
Hereford 1.17 ± 0.08 0.76 ± 0.07 1.11 ± 0.07 
Angus 1.01 ± 0.11 0.79 ± 0.10 1.18 ± 0.08 
Shorthorn 0.63 ± 0.47 0.72 ± 0.41 1.11 ± 0.34 
South Devon 0.88 ± 0.58 -0.18 ± 0.37 -0.09 ± 0.42 
Brahman 1.80 ± 0.26 1.11 ± 0.27 0.69 ± 0.24 
Simmental 1.04 ± 0.22 1.20 ± 0.17 1.25 ± 0.15 
Limousin 0.66 ± 0.16 0.49 ± 0.15 1.07 ± 0.14 
Charolais 0.99 ± 0.14 0.95 ± 0.14 0.99 ± 0.13 
Maine-Anjou 1.11 ± 0.38 0.59 ± 0.48 0.26 ± 0.49 
Gelbvieh 1.01 ± 0.16 1.24 ± 0.27 1.34 ± 0.23 
Pinzgauer 1.26 ± 0.17 1.49 ± 0.21 1.66 ± 0.16 
Tarentaise 0.67 ± 0.89 0.76 ± 0.55 1.38 ± 0.61 
Salers 1.26 ± 0.40 0.68 ± 0.38 0.68 ± 0.41 
Red Angus 0.55 ± 0.19 0.53 ± 0.33 0.75 ± 0.30 
Braunvieh 0.46 ± 0.36 0.78 ± 0.79 1.95 ± 0.54 
Brangus 1.25 ± 0.32 0.81 ± 0.46 0.17 ± 0.41 
Beefmaster 1.95 ± 0.69 1.46 ± 0.37 1.68 ± 0.43 
Dam breed 
Hereford 0.98 ± 0.08 0.73 ± 0.08 0.99 ± 0.07 
Angus 1.11 ± 0.06 0.84 ± 0.06 1.17 ± 0.06 
MARC Ill 1.00 ± 0.08 0.92 ± 0.09 1.20 ± 0.08 
Sex of calf 
Heifers 1.03 ± 0.06 0.94 ± 0.06 0.97 ± 0.06 
Steers 1.06 ± 0.06 0.73 ± 0.06 1.26 ±.0 06 

overlap for milk EPD. Again. the pooled regression coeffi­
cients of 0.57 for .\-1\'\·'\X·T and 1.19 for MILK are reasonably 
close to the expected regression coefficients of 0.50 and 1.00, 
respectively. 

Prediction f:)-ror ~l{7n·ances ofAcro::.~..,·-Breed l;.PD 

The stand~t rd errors of differences in the solutions for breed 
of sire and hrl·ed of 1\lGS differences from the 1\ti\RC records 
can be adjusted by theoretical approximations to obtain vari­
ances of adjusted breed differences (Van Vleck, 1994 Van Vleck 
and Cundill. l 994 ). These v~uianccs of estimated breed differ­
ences can he added to prediction error variances of within­
breed EPDs to obtain prediction error variances (PEVl or 
equivalently sundard errors of prediction (SEP) for across­
breed F.PDs !Van Vleck and Cundiff 1994, 1995} The vari­
ances of adjusted breed differences are given in the upper 
triangular part of Table 9 for B\X·T, lower trianguhtr part of 
Table 9 for Y\\·T. upper triangular part of Table 10 for direct 
\V\\"T. and lower triangular part of Table 10 for MILK. Hmv to 
use these t< > c.dculare standard errors of prediction for ex­
pected progeny differences of pairs of bulls of the same or 
different brl'eds '\vas cliscussecl in the 1995 BIF proceedings 
(Van Vlcek ;md Cundiff_ 1995l. 

Even though the variances of estimates of adjusted breed 
differences look large:, especially for ''{\\iT and .\·l!LK they 

61 

Table 8. Pooled regression coefficients (lb/lb) for progeny 
performance on maternal grandsire EPD for weaning 
weight (MWWT) and milk (MILK) and by breed of maternal 
grandsire, breed of maternal grandam, and sex of calf 
Type of regression MWWT MILK 
Pooled 0.57 ± 0.04 1.19 ± 0.07 
Breed of maternal grandsire 
Hereford 0.58 ± 0.06 1.17 ± 0.12 
Angus 0.57 ± 0.09 1.03 ± 0.14 
Shorthorn 0.30 ± 0.35 0.83 ± 0.49 
South Devon 0.32 ± 0.24 -1.21 ± 0.81 
Brahman 0.42 ± 0.21 0.66 ± 0.35 
Simmental 0.67±0.19 1.21 ± 0.48 
Limousin 0.74 ± 0.14 2.19±0.26 
Charolais 0.36 ± 0.14 1.33 ± 0.20 
Maine-Anjou 0.09 ± 0.33 0.43 ± 0.37 
Gelbvieh 0.98 ± 0.26 1.80 ± 0.35 
Pinzgauer 0.70 ± 0.19 0.31 ± 0.58 
Tarentaise 0.20 ± 0.66 0.77 ± 0.80 
Salers 0.94 ± 0.26 2.35 ± 0.34 
Red Angus 0.40±0.43 1.14 ± 0.52 
Braunvieh 0.00 ±- 2.76 ± 0.65 
Breed of maternal grandam 

Hereford 0.52 ± 0.06 1.51±0.11 
Angus 0.63 ± 0.05 1.18±0.10 
MARC Ill 0.46 ± 0.09 0.80 ± 0.13 
Sex of calf 
Heifers 0.57± 0.05 1.18 ±_0.09 
Steers 0.57± 0.05 1.21 ±_0.09 

generally contribute a relatively small amount to standard 
errors of predicted differences. For example, suppose for 
\V\\·T a Salers bull has an EPD of 15.0 \Vith prediction error 
variance of 75 and a Her<.:ford hull has an EPD of 30.0 with 
PEV of 50. The difference in predicted progeny perfonnance 
is (Salers adjustment + Salers bull's EPD) - (Hereford adjust­
ment + Hereford bull's EPD): 

(28.4 + 15.0) - (-2.4 + 30.0) = 43.4- 27.6 = 15.8. 

The prediction error variance for this difference is (use the 
18.0 in the upper part of Tabk 10 at intersection of row for 
HE and column for SA): 

V(Salers breed- Hereford breed)+ PEV(Salers bull)+ PEV(Hereford 
bull): 

18 + 75 + 50 = 143 

with 

standard error of prediction, .J143 = 12· 

If the difference between the Salers and Hereford breeds in the 
year 2001 could be estimated perfectly, the variance of the esti­
mate of the breed difference would be 0 and the standard error of 
prediction between the two bulls would be: 

..Jo + 75 +50= 11.2 which is only slightly smaller than 12.0. 

which is only slightly smaller than 12.0. 



Table 9. Variances (lb2
) of adjusted breed differences to add to sum of within breed prediction error variances to obtain 

variance of differences of across breed EPOs for bulls of two different breedsa. Birth weight above diagonal and 
yearling weight below diagonal 
Breed 
HE 
AN 
SH 
so 
BR 
Sl 
Ll 
CJ 
MA 
GE 
PI 
TA 
SA 
RA 
BV 
BS 
BM 

HE AN 
0.0 0.2 
14 0.0 
54 55 
84 84 
37 37 
29 29 
31 31 
24 25 
63 65 
28 30 
54 56 
153 156 
50 51 
47 47 
76 78 
66 66 
70 70 

SH SO 
0.8 1.4 
0.9 1.4 
0.0 2.0 
124 0.0 
80 112 
71 81 
73 84 
61 82 
99 130 
65 97 
87 125 
191 223 
72 121 
90 113 
113 143 
115 144 
119 148 

BR 
0.5 
0.5 
1.2 
1.7 
0.0 
57 
59 
52 
87 
55 
66 
160 
76 
76 
100 
98 

101 

Sl 
0.5 
0.5 
1.1 
1.3 
0.9 
0.0 
31 
28 
77 
38 
70 
170 
67 
50 
90 
87 
91 

Ll 
0.5 
0.5 
1.2 
1.4 
0.9 
0.5 
0.0 
31 
79 
40 
73 
172 
69 
51 
92 
89 
93 

CH 
0.4 
0.4 
1.0 
1.3 
0.7 
0.5 
0.5 
0.0 
72 
34 
64 
165 
57 
48 
85 
83 
87 

MA 
1.0 
1.1 
1.6 
2.1 
1.3 
1.3 
1.3 
1.2 
0.0 
64 
96 
194 
95 
97 
75 
124 
128 

GE 
0.4 
0.5 
1.0 
1.6 
0.8 
0.6 
0.6 
0.5 
1.0 
0.0 
65 
166 
61 
53 
77 
87 
91 

PI TA 
0.8 2.6 
0.9 2.6 
1.3 3.1 
2.0 3.7 
0.9 2.6 
1.1 2.8 
1.1 2.9 
1.0 2.7 
1.5 3.2 
1.0 2.8 
0.0 2.6 
158 0.0 
84 187 
91 191 
109 207 
116 215 
119 219 

SA 
0.8 
0.8 
1.1 
1.9 
1.1 
1.1 
1.1 
0.9 
1.5 
0.9 
1.3 
3.1 
0.0 
86 
109 
112 
116 

RA 
0.8 
0.8 
1.4 
1.8 
1.2 
0.8 
0.8 
0.8 
1.6 
0.8 
1.4 
3.2 
1.4 
0.0 
110 
102 
106 

BV 
1.2 
1.2 
1.8 
2.3 
1.5 
1.5 
1.5 
1.4 
1.1 
1.2 
1.7 
3.4 
1.7 
1.8 
0.0 
138 
142 

BS 
0.9 
0.9 
1.7 
2.2 
1.3 
1.3 
1.3 
1.2 
1.9 
1.2 
1.7 
3.4 
1.6 
1.5 
2.1 
0.0 
82 

BM 
1.0 
1.0 
1.8 
2.3 
1.5 
1.4 
1.4 
1.3 
2.0 
1.4 
1.8 
3.5 
1.8 
1.6 
2.2 
1.0 
0.0 

a For example, a Hereford bull has within breed PEV of 300 for YWT and that for a Shorthorn bull is 200. Then the PEV for the di fference in 
EPDs for the two bulls is 54+ 300 + 200 = 554 with SEP =the square root of 554 = 23.5. 

Table 10. Variances (lb2
) of adjusted breed differences to add to sum of within breed prediction error variances to obtain 

variance of difference of across breed EPOs for bulls of two different breeds. Weaning weight direct above diagonal and 
MILK below the diagonal 
Breed HE AN SH SO BR Sl L1 CH MA GE PI TA SA RA BV BS BM 

HE 0 4 19 28 11 9 1 0 8 22 9 15 42 18 17 25 20 20 
AN 1 5 0 20 28 11 1 0 1 0 8 23 9 16 43 18 17 26 20 20 
SH 49 52 0 43 27 25 26 22 36 23 29 56 27 33 40 38 38 
so 57 59 96 0 36 27 28 27 45 32 40 66 42 39 48 46 46 
BR 25 27 65 73 0 18 18 16 29 17 18 43 26 26 32 29 29 
Sl 27 29 66 60 43 0 1 0 9 27 12 21 48 24 18 30 27 27 
Ll 29 31 68 62 45 33 0 1 0 28 13 22 48 25 1 8 31 28 28 
CJ 22 24 58 59 38 29 31 0 26 11 19 46 21 17 29 26 26 
MA 54 57 90 99 69 69 71 64 0 22 31 58 35 35 26 41 41 
GE 24 27 59 68 40 37 38 31 58 0 19 46 21 19 25 27 27 
PI 50 53 84 96 57 66 68 60 81 61 0 41 27 29 35 34 34 
TA 121 124 158 167 125 138 140 132 151 121 132 0 55 56 61 61 61 
SA 41 44 68 87 56 57 59 50 81 50 69 146 0 31 38 37 37 
RA 52 54 91 93 68 59 60 55 100 66 95 149 88 0 38 34 34 
BV 78 80 114 122 92 93 95 87 94 80 111 182 96 116 0 44 44 
BS 0 22 
BM 

Implications 
Bulls of different breeds can be compared on a common 

EPD scale hy adding the appropriate table factor to expected 
progeny difh:rences (EPDs) produced in the most recent ge­
netic evaluations for each of the 17 breeds. The across-breed 
EPDs are most ttseful to commercial producers purch~tsing 
bulls of t~vo or more breeds to use in systematic crossbreed­
ing programs. Lniformity in across-breed EPDs should be em-

62 

0 

phasized for rotational crossing. Divergence in across-breed 
EPDs for direct weaning weight and yearling '\Veighr should 
he emphasized in selection of bulls for ienninal crossing. Di­
vergence Ltvoring lighter birth weight may be helpful in se­
lection of hulls for use on first calf heifers. Accuracy of across­
breed EPDs depends primarily upon the accuracy of the within­
breed EPDs of individual bulls being compared. 
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Mean EPDs Reported By Different Breeds 
lany V. Cu11dtf.f 

The mean non-parem EPDs are shown for gro\vth traits in 
Table 1 for seventeen different brl'eds. The mean EPDs for 
certain carcass traits are shown in Table 2 for ten breeds. 
J\·lean non-parent EPDs are useful only for making compari­
son within breeds. They can not be used to compare differ-

ent breeds because EPDs are estimated from separatl' an:dy­
ses tor each breed. These estimates are from the most cur­
rent gl'netic evaluation conducted by t ·ach breed. They are 
presented here primarily to show the traits included in ge­
netic evaluations of thesl' breeds. 

Table 1. 2001 non Parent Average Epds of Seventeen Different 
Breeds 
Breed Birth wt. Weaning wt. Yearling wt. Milk 
Angus 2.6 34 63 17 
Hereford 3.8 34 58 12 
Red Angus 0.5 27.0 46.0 14.0 
Shorthorn 1.8 13.1 20.5 2.3 
S. Devon 0.0 16.2 22.5 6.3 
Brahman 1.94 15.1 25.1 7.7 
Limousin 1.32 12.35 23.45 5.11 
Simmental 3.1 35.1 58.4 7.6 
Charolais 1.5 14.6 24.8 9.0 
Gelbvieh 1.4 36 66 18 
Maine Anjou 3.16 16.23 31.32 3.95 
Salers 1.3 13.2 21.1 8.0 
Tarentaise 2.2 12.0 23.0 1.5 
Pinzgauer -.1 0.6 0.7 -1.0 
Braunvieh 1.057 6.26 7.04 -.28 
Beefmaster .5 6.1 11.1 2.8 
Brangus 1.99 20.94 33.54 9.01 

Table 2. 2001 non Parent Average Epds for Carcass Traits of Different Breeds to 
Estimate Ab-eed Factors 

%Retail 
Breed Carcass wt BF thick. REA Marbling IMF% Prod. Shear 
Angus .002 .07 +.03 .02 
Hereford 0.00 0.04 0.00 
Red Angus 0.00 -.05 0.05 
Shorthorn -2.45 0.00 -0.03 -0.04 0.00 -0.02 
Limousin 10.3 0.00 0.11 0.01 
Simmental 0.2 0.03 0.03 
Charolais 0.20 0.00 0.06 0.00 
Gelbvieh 0.55 0.00 0.01 -0.01 
Salers 16 .00 .02 .02 .1 
Brangus 0.001 0.261 .001 
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Frank Baker Biograpl1y 

Dr. Frank Baker is widely recognized as 
the "Founding Father" of the Beef I mprov~·­
ment Federation (BIF). Frank played a key 
leadership role in helping establish BIF in 
1968, while he was Animal Science Depart­
ment Chairm~m at the University of Nebraska, 
Lincoln, 1966-74. The Frank Baker .Memo­
rial Scholarship Award Essay competition for 
graduate students provides an oppottunity 
to recognize outstanding student research 
and competitive writing in honor of Dr. 
Baker. 

Frank H. Baker ~vas born t<.-Iay 2. 1923, at 
Stroud, Oklahoma, and was reared on a farm 
in northeastern Oklahoma. He received his 
B.S. degree, \vith distinction, in Animal Husbandry from Okla­
homa State Cniversity COSUl in 19,J7, after 21/:2 years or mili­
tary service with the US Army as a paratrooper in Europe. for 
which he ~vas awarck-d the Purple Heart. After serving three 
years as county extension agent and veterans agriculture in­
structor in Oklahoma, Frank returned to OSU to complete his 
l\tS. and Ph.D. degrees in Animal Nun·ition. 

Frank's professional positions included teaching and re­
search positions at K;msas State University, 1953-55; the Uni­
versity of Kentuck·y, 1955-SH; Extension Livestock Specialist 
at OSU. 1958-<12; and Extension Animal Science Programs Co­
ordinmor, USDA. \Xlashington, D.C., 1962-66. Frank left :'\e­
braska in 1974 to become Dean of Agriculture at Oklahoma 
State I Jniversity, a position he held until 1979, when he be­
gan service as International Agricultural Programs Officer and 
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Professor of Animal Science at OSU. Frank 
joined \Xfinrock International, Morrilton, Ar­
kansas, in 1981, as Senior Program Officer 
and Director of the International Stockmen's 
School, where he remained until his retire­
mem. 

Frank served on advisory committees for 
the Angus, Hereford, and Polled Hereford beef 
breed associations. the N:o~tional Cattlemen's 
Association, Performan~e Registry Interna­
tional, and the Livestock Conservation, Inc. 
His service and )e;tdership to thL· .American 
Society of Animal Science (ASAS) included 
many committees, election as vice-president 
and as president, 1973-74. Frank was elected 

an ASAS Honorary Fellow in 1977, he was a Fellow of the 
American Association for the Advancement of Science, and 
served the Council for Agricultural Science anJ Technology 
(CAST) as president in 1979. 

Frank Baker received many a\vards in his career, crowned 
by having his portrait hung in the Saddle and Sirloin Club 
Gallery at the International Livestock Exposition, Louisville. 
Kentucky, on November 16. 1986. His ability as a statesman 
and diplomat for rhe livestock industry was to use his vision 
to call forth the collective best from all thost around him. 
Frank was a "mover and shaker" who -vyas skillful in turning 
''Ideas into Action" in the bed cattle performance movement. 
His unique leadership abilities earned him great respect among 
breeders and scientists alil.;:c. Frank died February 15, 1993, in 
Linle Rock, Arkansas. 



Frank Baker .Nlen1orial Scholarship A\\:'ard Essays 

Marker Assisted Selection for Beef Palatability Characteristics 
C. Andreu: McPt!akc. Animo! Science Deportment, Jlichigan State Unit:ersily, /~·list Lansing, JII 48824 

Introduction 
Future success of the beef industry hinges on the ability to 

regain market share, and sustain demand from competing 
protein sources. Because of rhe 2000 N:.1tional Beer Quality 
Audit (NBQ.\l, aggregate concl'rnS of SL·veral beef marketing 
segments (beef processors, purveyors, restaurateurs, and re­
tailers) were made a\vare to the beef industry. The top three 
producer is.'ues in the :'-JBQA were lmv overall uniformity 
and consistency, inadequate tenderness, and km: overall pal­
atability (.\h:Kenna et al., 2002l. 

!vlany res<:archers have documented the importance of ten­
derness on heef palatability. Smith et al. 0987), Savell et al. 
0989), and \Iiller et al. 099~) determined tenderness to be 
the most important palatability artrihute of beef. \Vhile ten­
derness ha~. and will continue to be, one of the focal points 
for future beef research, many questions still surround the 
variation in beef tenderness (\\/heeler et al.. 199·!). 

Marbling .'>core has been used in Llll· U.S. heef industry as 
the primary predictor of beef palatability among carcasses 
·with similar maturity characteristics (USDA, 200 I a). Intramus­
cular fat h~1~ been shmvn to have ~~ small. positive relation­
ship vvith lx~ef palatability, along with a small inverse rela­
tionship with \Varner-Bratzler shear force (\\o'BS: ·wheeler et 
al., 1994). Interestingly, Boleman ct al. 0997) revealed the 
willingness of consumers (78C)fc,) to purchase a product la­
beled "guar~tnteed tt.:ndcr" at a higher price. 

Clearly. the value of tenderness cannot he disputed with 
regards to cunsumer perception of bed. Likewise. it is appar­
ent that many different factors contribute to beef tenderness. 
Therefore, f-!enetic evaluation of tenderness among different 
seedstock breeds has become a "top-of-mind" issue. Current 
research has begun to focus on specific genes that are highly 
associated \\ irh increased beef tenderness and palatability 
characterisl iL·s. Likewise, markL·r assisted selection (IvL\S) 
should he milizecl in beef herds, along \Vith economically 
important phenotypic traits, for genetic progress to be made 
\Vith respect to improving the uniformity and cc)nsistency of 
bed. The fullowing "'ill detail the significance of marbling 
and tenderness to overall beef palat:.thil ity, as \Veil as detail 
the use of objective genetic mapping for tenderness evalua­
tion and subsequent implications for genetic sl'lection. 

Review of Literature 
Oven'ieu· 

Palatability is defined as being ·'pleasant to the taste 
(\'X'ebster's :'\ew Collegiate Dictionary. H24 ). l\kat palatability 
is generally referred to as tenderness, juiciness and tlavor of a 
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cooked product. These three cooked meat characteristics are 
what consumers desire and what the beet· industry is trying to 
supply on a consistent and uni!'orm basis. Of these three pal­
atability attributes, tenderness is the most intluential to con­
sumer preference (Savell et al., 1989). !\·Iiller et al. 0995) found 
that consumers preferred meat that offered increased tender­
ness and tbvor. Variation in mc:.lt tenderness can be explained 
by examining multiple anim~d and/or carcass factors (mar­
bling, physiological nwturity, and breed/generic effects>. 

iVlarbling: A Palatability Attribute 

Imerfascicular or intramuscular adipose tissue is a unique 
fat depot. This tissue Gtn be distinguished from other fat res­
ervoirs by its location within perimysial com1ective tissue lo­
cated alongside myofihers. Postnatal growth of intramuscular 
fat involves subst:tntial hypertrophy of the adipocytes and 
also appears to include a period of apparent hyperplasia of 
preadipocytes (Smith et ~d., 2001}). 

The "jury'' is still out concerning the role marbling plays in 
the formulation or ])L·ef t:enderness. Homans et al. ( 1965) docu­
mented that only 5% or the variation in beef tenderness is 
accounted for by differences in m~1rhling, '\vhereas Campion 
et al. (1975) determined that marbling explained 100.'o of the 
variation of cooked hL·ef. Like\:vise, Armbruster et al. ( 1983 > 

found th:lt marbling explained 1 °{, of the variation in tender­
ness after accounting for other sources of variation and only 
1.2(~;) when other sources of variation '\Vere ignored. Smith er 
al. (198--t) noted that marbling accounted for more desirable 
panel scores and lower shear force ratings when \vide ranges 
of marbling scores were present. Hmvever. within a tighter 
range of marbling scores (i.e., Small to ~'loderately Abundant). 
marbling had little or no effect on sens01y panel ratings and 
shear force values (Smith et al., 19H4). Conversely, .McBee 
and \X'iles (1967) found that shear force, sensory panel ten­
derness, juiciness and navor improved as marbling increased. 
Dolezal et al. ( 1982a) found that steaks with a J\:lodest or higher 
degree of lllarbling had increased overall palatability ratings 
in relation to steaks from carcasses vvith Slight degree of mar­
bling. Smith and Carpenter ( 1974) noted that the perceived 
value of a l'aaened animal dates hack to Biblical times. In the 
early 20th century. resl'archers seemed to furt.her echo these 
findings. Hall (1910> postulated that an increase in tl'nder­
ness is the direct result of decreased elasticity of connecti\-e 
tissue due to the deposition of fat therein. Nelson eta!. ( 19_10 l 
documemed an 1H to 30%:. decrease in shear force values for 
sampk:s from t~lt animals in relation to the force required to 

shear samples from thin animals. Research has also shown 
that deposition of intramuscular fat leads to decreased rigid-



ity of connective tissue clue to adipose accretion within 
(Nishimura et al., 2000). In a study to determine the effect of 
differing physiological mamrity (i.e., potential differences in 
connective tissue) across similar marbling scores, McPeake et 
al. (2001) reported a more favorable trend for various pal;H­
ability characteristics when steaks were from carcasses with 
increased marbling levels (Table U. 

Theories 

Carpenter and Smith 0974) detailed several theories relat­
ing marbling and tenderness. The bite theory hypothesizes 
that within a ce11ain bite-size ponion of cooked meat, mar­
bling reduces the OYerall mass per unit of Yolume, which in 
turn lowers bulk density. Bulk density is the amount, distri­
bution, and chemical or physical state of intr~1muscular bt 
and moisture. The strain theory suggests that as intramuscu­
lar fat is being formed, a portion is deposited within the per­
imysium or endomysium thereby decreasing the .strength of 
connective tissue fibers. Increased accumulation of marbling 
causes the actual rigidity of the connective tissue to be weak­
ened resulting in increased tenderness. This proposed theory 
can be affirmed by a recent study done by Nishimura et al. 
(1999) which found the development of adipose tissue in lolzg­
issimus dorsi muscle appears to disorganize the strucrure of 
the intramuscular connective tissue and contributes to the ten­
derization of highly marbled beef from Wagyu cattle. Increased 
tenderness is the resulr of connective tissue that is more heat 
susceptible; the direct result of structural changes causing more 
efficient collagen solubilization. The lubrication theory states 
that as heat is applied to meat, intramuscular t~H dissolves. 
The cooked fat and meat juices combine and serve as lubrica­
tion during the chewing process. Pearson 0966) found sus­
tained juiciness (the sensation of juiciness perceived during 
continued chewing) to be related to intramuscular fat con­
tent. The Insurance theory suggests that increased amounts 
of intramuscular fat allmY different preparation opportunities 
to be utilized that could affect degree of cloneness. \larbling 
would provide some insurance that meat cooked too exten­
sively or too rapidly would still be relatively palatable. 

Breed Differences: Brahman and Brahman-crossbred 
canle. in relation to other breeds, have been shown to have 
lower marbling scores and tenderness ratings. Sherbeck et :d. 
0995) showed that carcasses from Hereford steers had higher 
m~1rbling scores in relation to carcasses of 25 or 50%.t Brah­
man descent. Hereford carcasses had an increased propor­
tion of USDA Choice than did carcasses from Brahman de­
cent (44 versus 19 and 14~,.;), respectively) and a smaller per­
centage of USDA Standard grade carcasses than Brahman­
crossbred carcasses (0 versus 19 and 18%-,,: respectively). Nev­
ertheless, Wheeler et al. 0994) documented that carcasses 
originating from Bos taurus and Bas indicus steers experi­
enced a small, positive relationship between marbling score 
and palatability. It can be disputed hmv' much appreciable 
difference benveen Bos indicus and Bas taurus breeds for 
marbling deposition actually exist. Nonethdess, st::nsory panel 
tenderness differences do exist ben:veen these two diverse 
biological types of cattle due to biochemical differences in 
Zebu breeds (Koch et aJ., 1988). Zebu breeds have increased 
calpasratin activity. the endogenous inhibi~or of cal pain, when 
compared to cattle of British decent (\\:'heeler et al., 1994). 
\Vhile proteolysis will be discussed later; it has been docu­
mented that the cal pain pro teases (m- and m-ea !pain) play an 
important role in beef tenderness as :t result of postmortem 
aging. 

Enuironmental Facto1:" Effecting Palata!Jili~v 
Time-on-Feed: Traditionally, to increase marbling deposi­

tion, feedlot managers tend to increase the amount of time 
that animals are feel a high-concentrate finishing ration. In­
creased time-on-feed increases the probability that animals 
-..:viii produce carcasses with a more clesi.rable quality grade 
(Zinn et al., 1970; Tatum et al., 1980; May et al., 1992). 

The interaction between quality grade and palatability, as 
\veil as marbling and carcass value, has led researchers to 
hypothesize exactly how many clays on feed are Jctually nec­
essary for cattle to be acceptable in tetm.s of palatability. 
Dolezal (1982b) suggested that feeding a high-grain ration for 

Table 1. Least squares means and pooled standard errors for palatability attributes stratified by quality grade categoryh 
Quality grade categorya 

Traitb HSMA HSMB LSMA LSMB HSEA HSEB LSEA LSEB SE 
Tenderness 6.14de 5.4391 5.5291 5.4391 5.4491 5.4391 5.17' 5.04f 0.26 
Juiciness 5.76d 5.68d 5.82d 5.53d 5.61d 5.66d 5.56d 5.68d 0.21 
Connective tissue 6.33cde 5.661 5.83e1 5.7891 5.88det 5.691 5.61 1 5.57' 0.26 
Flavor intensity 5.90de 5. 7281 5. 78e1 5.501 5.63e1 5.8091 5.6391 5.62e1 0.16 
Beef fat flavor 1.53cd 1.48cd 1.47cd 1.55cd 1.44d 1.45d 1.43d 1.46cd 0.15 
Overall Acceptability 5.44def 5.04e19 5.01 19 4.9219 4.87'9 4.9919 4.639 4.51 9 0.22 
a Quality grade categories defined as High Small, A maturity; High Small, B maturity; Low Small, A maturity, Low Small, B maturity; High 

Select, A maturity; High Select, B maturity; Low Select, A maturity; Low Select, B maturity (HSMA, HSMB, LSMA, LSMB, HSEA, HSEB, 
LSEA, and LSEB, respectively). 

b Tenderness: 1 =extremely tough, 8=extremely tender; Juiciness: 1 =extremely dry, 8=extremely juicy; Connective tissue: 1 ==abundant, 
8=none; Flavor intensity: 1 =extremely bland, 8=extremely intense; Beef fat flavor: 1 =none detectable, 3=very strong; Overall 
acceptability: 1=extremely undesirable, ?=extremely desirable 

cdefg Means within a row with different superscripts differ (P < 0.05). 
h Adapted from McPeake et al. (2001 ). 
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at least 90 d \Vas necessary for acceptable palatability. !vlay et 
al. 0992) and Van Koevering et a!. (1995) suggest feeding 
animals for 84 and 119 d for palatahility ro he acceptable. 
Duckett et al. 0993J found that marbling levels doubled be­
tween 84 and 112 days on feed. but did not differ from day 0 
to 8'-t or from day 112 to 196. Nash eta!. ( 1999) utilized ultra­
sound technology to monitor changes in marbling deposition 
and predicted USDA Quality Grade in feedlot heifers relative 
to days on feed. The percent grading Choice increased from 
20% at d 84 to 80% at cl 100 and 120, vvith litllc change occur­
ring there after. 

Implants: Beef industry segmentation is a major problem 
surrounding the problems with cons.i.stency and uniformity. 
Time-on-feL·cl and breed differences have already been dis­
cussed, however, management regimes which utilize differ­
ent implant protocols are undoubtedly a "hot topic" ~vhen 
considering the potential impact implams have on carcass 
quality. Anabolic implants ;lfe used routinely during the feed­
lot phase in order to promote increased gain and feed effi­
ciency. Duckett's 0997) review of 36 research trials deter­
mined implants caused a mean reduction of 24°,1, in marbling 
and a 14.5.-tl reduction in the number of carcasses grading 
Choice. Roeber et al. (2000) revealed that different implant 
strategies resulted in increased hot carcass weights and larger 
longissimus dorsi area while decreasing marbling scores and 
consumer preference of steaks. Ducketr et al. ( 1999) found a 
reduction in marbling score \vhen comparing implanted cattle 
with non-implanted controls. Hesearch also exists that por­

trays the fact that certain implant regimes differ in their effect 
on carcass quality. Gerken el a!. ( 1995) found that use of 
single implants containing 140 mg trenholone acewte or the 
combination of 2-t mg 17 -~ estradiol <mel 120 mg trenbolone 
acetate had little appreciable dfect on marbling or beef ten­
derness in genetically identical steers. \Xfithin this same trial. 
carcasses from cattle implanted with a single estrogenic im­
plant containing 20 mg estradiol benzoate and 200 mg proges­
terone hac! .;,ignificanrly reduced marbling scores and decreased 
tenderness of top sirloin steaks \Yhen compared to the previ­
ously menrioned implant treatments. 

:Harker .A::-.::.;isted Selection 

Genetic improvemenr of livestock primarily focuses on se­
lection for quantitative traits, since most traits of economic 
importance including beef palarability are quantitative traits 
(i.e .. controlled by many genes). In the past, most genetic 
improvemem has been achieved through selection using esti­
mated breeding values based on thL· phenotype of the im1i­
viclual andior its relatives <DekkL'rs, 19')9). The availability of 
molecular genetic tools has equated into increased genetic 
progress ad1ieved via the ability to sdect on specific DNA 
markers for quantiTative trait loci (QTU. rvlarkers arise from 
research where a candidate gene of known effect is shown to 

influence a certain phenotypic attribute or where a specific 
genomic region is dcrem1ined to significantly influence a par­
ticular trait. :\feu,vissen and Goddard ( 19')6) documented sev­
eral factors rhat affect the response to ~:lAS: size of QTL vari-
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ance, heritability of traiL and selection for phenotypic traits 
that arc difficult to measure (i.e., carcass and sex-limited traits). 
In terms of carcass traits (heritability approxink"ltely 0.27). when 
displayed in terms of the percentage extra response from ~L\S. 
the maximum response was found during the first generation 
and declined substantially by generation five (64%> vs. 39o··o, 
respectively). Strictly using ~·tAS for breeding decisions is not 
advisable due to the inability to predict what is happening 
with other background genes (i.e., population differences) 
that may affect other traits. Accordingly, Dekkers and van 
Arendonk 099H) ckveloped methods to optimize selection 
on a known QTL, le:1cling to ~~ greater response in both the 
short and long term when selection on the QTL is balanced 
with selection based on phenotypic information. This is fur­
ther enhanced when QTL exhibit dominance. 

Very few cattle breed associations have EPDs for \\rBs or 
sensory evaluated tenderness. Furthermore. little economic 
incentive has existed in the p:1st for beef producers to select 
for tenderness. Therefore, selection for tenderness has not 
been practiced. The economic incentive to select for render­
ness now exists due to the formation of various beef alliances 
and branded beef programs that could use this as marketing 
leverage. There are. however, substantial difficulties associ­
ated \Vith the mass collection of \\·'"BS data. Therefore, re­
search has focused on identifying gene markers that are highly 
associated with cliffcrenl palatability characteristics. Currently. 
the thyroglobulin, leplin, and calpastatin genes have been 
identified due 10 their strong relationship \Vith marbling depo­
sition and tenderness. 

Tbyrog!obLtliJl 
Thyroglobulin is a glycoprotein hormone that is synthe­

sized from the thyroid follicubr cell and iodinated upon re­
lease. Thyroglobulin is the carrier for triiodod1yronine (T :l) 
and thyroxin CT4) and is stored in the lumen. \\~hen either of 
d1ese hormones is needed. thyroglobulin is transported acros.-; 
the apical membrane where these hormones are cleaved and 
released into the blood. These hormones have been sho\\·n 
to affect both in vitro and in vivo adipocyte gro\\··th and dif­
ferentiation (Ailhaucl et a!.. 1992). Like\vise, T3 and T4 have 
also been associated with marbling deposition in \Vagyu cattle 
(~.:Iears et al., 200U. 

The TG5 polymorphism occurs in the 5' leader sequence 
of the thyroglobulin gL'nc and has been highly associated with 
intramuscubr fat deposition in long-fed cattle (Barendse, 2001). 
Cattle th:ll :ue heterozygous or homozygous for the delta T 
allele (e.g., CT or TT) have higher marbling scores than cattle 
that are homozygous for the delta C allele (e.g., CC), with the 
delta locations defined as the beginning of the start of the 
first exon (Barendse, l'J9T>. Additionally, steers exhibiting the 
delta T allele had increased growth performance and mar­
bling deposition. Interestingly, no association was found for 
rump fat thickness or hot carcass \\'eight. These results imply 
that selecting cattle based on this DJ'\A marker should not 
result in subcutaneous fat thickness changes, a major facror 
affecting USDA yield grades for beef carcasses. 



Leptin 
Leptin is a protein hormone that has been implicated in 

the control of food intake and body composition in mammals 
(Ge:u·y et al., 2003). Leptin is produced primarily by \Vhite 
adipose tissue and, w a lesser extent, in the placenta, skeletal 
muscle, and stomach fundus in rats in response to fattening 
C\-targetic et al., 2002L In skeletal muscle, leptin plays an im­
portant role in glycogen synthesis, glucose transport, and lipid 
partitioning C\largetic et al., 2002). As adipocytes become 
larger, more leptin mRNA is present (Auwerx and Staels, 1998; 
Masuz~!ld et al., 199')) and periphcml leprin concentrations 
increase C-\hima and Flier, 2000). J'vlice that are homozygous 
for an obesity condition (oh/obl are the prorotypical l'Xperi­
ment:tl subjects that set the stage for the discovery of Ieptin. 
These mice lack the leptin gene and are overweight. Both 
leptin deficiency (Tartaglia et al. 1995 l and resistance (in dh! 
dh mice having a defective lcptin rl'ceptor; Lee et al., 1996) 
are characterized by hyperphagia and reduced energy expen­
diture. 

Studies have also been conducted to determine the signifi­
cance of circulating kptin concentration on carcass character­
istics of feedlot cattle. Serum leptin is positively correlated 
\Vith (P < 0.001) riheye fat thickness ( r = 0.32), KPH (r = 0.18), 
marbling score ( r = 0.18), and yield grade (r = 0.28; ~·linton et 
al., 1998). Geary et al. (2003) also found that semm concen­
trations of lcptin were significantly associated with carcass 
composition and quality grade; these researchers concluded 
that leptin may be beneficial as an additional indicator of fat 
content in feedlot cattle. Currently, hmvever, there is no com­
mercially available application that utilizes serum Ieptin con­
centration as a predictor of beef quality grade or palatability. 

DNA analysis for the leptin gene has also received research 
attention. Fitzsimmons et aL 0998) reported that alleles of 
the BM1500 microsatcllite were associated with carcass far 
measures in a population of 154 unrelated beef hulls. Like­
wise, Buchanan et al. (2002) determined th3t a cvtosine ( C> to 
thymine CT) transition that encoded an amino a~id change of 
an arginine to a cysteine was identified in exon 2 of the Ieptin 
gene. Fmther results from this trial indicated that the T allele 
is associated -..vith fatter carcasses (whole body fat) and the C 

allele with leaner carcasses. ::\ol suprisingly: British breeds 
(i.e .. Angus and Hereford) had a higher frequency of the T 
allele <0.59 and 0.57. respectively) \vhereas continental breeds 
(i.e .. Charolais and Simmental). had a higher occurrence of 
the C allele (0."54 and 0.58, respectivdy). 

Calpastatin 

Postmortem management of beef plays a particularly im­
portant role in helping to reduce the variation in beef tender­
ness at the consumer il'vel (Koohrnaraie, 1996). Increased ten­
derness in meat is caused by endogenous enzymal ic activity 
in the form of the calpains (m- and p-calpain), '<Vhich occur 
naturally in the muscle. The calpain proteases are different in 
the amount of calcium required for activation; p-calpain re­
quires micromolar concentrations of calcium (200-300 p.\1) 
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and m-calpain requires millimolar calcium concentr~1tions 
(-lOmJ'vl) for activation to occur. Calpastatin is an endogenous 
substrate that inhibits the calpain proteases. According to 
Koohmaraie 0992), when normal postmcn1em conditions are 
realized, m-calpain is very stable in the body due to insuffi­
cient Gdcium present for its' activation. Fu'nhermnre, a gradual 
decline in activity occurs with p-calpain as calcium in the 
body is depleted and calpasratin loses activity very rapidly. 
Calpastatin is hydrolyzed by calpain prote~tses when grt:ater 
quantities of protease are present in relation to inhibiror 
(Shannon and Goll, 19H5). Prediction equations show 24-h 
calpastatin activity and 0-h p-calpain acti\:ity account for 41% 
of the variation in \'(.'BS in beef aged 14 d (Shackelford et al., 

1991 ). Likewise, research conducted by Johnson et al. 0990) 
and Calkins et al. 0988) found \X,'BS values to be correlated 
\Vith both calpastarin (r = 0.41) and p-calpain activity (r = 

-0.71 ), respectively. 
A Dl'\A marker for the calpastatin gene has now been cle­

velopecl. Researchers \Vith Australia's Cc>mmonwealth Scien­
tific and Industrial Research Organization (Bindon, 2002) re­
ported two variants of the calpastatin gene, one associated 
with tenderness and the other with increased toughness. W'hile 
both alleles have been found in all breeds tested, there :tp­

pear to be dear differences in genotype frequency \Vithin 
breeds; Zebu breeds have a greater frequency of the geno­
type associated \Vith toughness (i.e., '11 ') relative to British. 
Belmont Red, and Santa Gertmdis cattle (i.e., '22'). In this 
trial, the estimmecl difference bet\veen the '11' and the '22' 
genotype for \X'BS \Vas 1.34 kg (Bindon, 2002). However, this 
value represents the extremes of the distribution tested and 
not a random population sample. Likewise, Chung et al. (2001) 
found generic polymorphisms among individuals for two dif­
ferent domains of the Calpastatin locus VJomain I = CAST67 
and domain IV= CAST28). Results from tllis trial also indicate 
that use of calpastatin genotypes in J\<!AS programs can im­
prove carcass traits and calpastatin activity. 

Conclusions and Implications to Genetic 
Improvement of Beef Cattle! 

It is quite evident that reproduction and growth trails are 
still major factors in maintaining profitable beef production. 
However. only around 10% offed cattle processed in the l~nited 
States meet rhe requirements for upper 2/3 USDA Choice or 
Prime grade carcasses (l\kKenna et al., 2002). Several breed 
associations are now compiling ultrasot_tnd infGrmation for 
development of EPD.s for marbling, ri])L-ye area, and fat thick­
ness. Likewise, DNA markers now exist that detennine if cer­
tain animals express certain genes that are highly associated 
with bed palatability. Pricing grids now exist that reward higher 
levels of marbling; therefore, the economic incentin: for in­
creased marbling will continue to he impb11ant in the future. 
One should note that genetic selection for marbling will not 
always yield a tender product (i.e., the phenotypic relationship 
between marbling and tenderness is not especially high.) Con­
sequemly, some cattle \Vith relatively higlt marbEng will pro-



duce meat that is unacceptable in tenderness, and some cattle 
\Vith low len:ls of marbling '\Vill produce meat that is ve1y de­
sirable in tenderness. Many researchers continually point out 
the fact thai marbling accounts for little of the variation in beef 
tenderness. l Iowever, taste panel ratings indicate that 'vVith in­
creased marbling score, the chance for an undesirable eating 
experience is reduced (McPeake ct al., 2001\ TI1crdore, ge­
netic selecti( m based on both marbling and tenderness traits 
should be conducted in the future to help insure a highly pal­
atable beef product for the consumer. 

\Vhile the entire captive supply should not be comprised 
of Choice or Prime carcasses, by emphasizing carcass traits 
during generic selection producers can have the ability to ad­
dress these ~1reas of concern. One should note, however, that 
MAS alone i.-; not the beef industry's "silver bullet" for solving 
the beef quality and tenderness equation. Marker assisted se­
lection tran>lates into one of the many ingredients involved 
in the recipe for genetic selection. Beef producers should uti­
lize this tool, along \Vith phenotypic records for quantitative 
traits, to insure both short and long term genetic progress. 

The importance of expected progeny differences (EPD) as 
a tool for genetic selection cannot he questioned. ln yester­
years, beef producers vvould evaluate "traditional" EPDs for 
birth weight. \Veaning weight, yearling weight, milk, and scrotal 
circumference in order to incre:1se genetic progress for repro­
duction. maternal, and gro\\1h traits \Vithin the herd. Hov-.r­
ever. the beef industry has undergone ~~ fundamental shift in 
beef marketing from a commodity based, kr~v-cost system that 
offers little incentive for a quality product, to a value-based 
marketing system vvhere dollars are passed along the produc­
tion chain hased on product quality and value. This shift bas 
now forced heef producers to be information gatherers: from 
collection and ~malysis of carcass data, to incorporation of 
carcass EPl}-; in selection decisions. \X1hile l\:LAS requires more 
sophisticated sampling and decision making, it also adds to 
conventional selection and allows for exploitation of specific 
genetic effects. 
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Introduction 

Crossbreeding is an important tool to increase the efficiency of beef production through 

heterosis and complementarity between breeds (Gregory, 1999). This is one of the reasons that 

has led to an increasing proportion of the beef cattle populations being composed of crossbred 

animals. Crossbreeding and selection are synergic key factors to improve production in the long­

term. The response to selection is proportional to the accuracy on predictions of genetic merit 

(Falconer and Mackay, 1996). These predictions of genetic merit on crossbred animals depend 

on reliable estimates of breed-composition specific means, individual deviations from these 

means, and covariances between related animals (Fernando, 1999); however, genetic evaluations 

of multiple-breed populations are complicated by the different genetic backgrounds and degrees 

of crossing present in these populations. 

The complexity of the biological and environmental issues involved makes the task 

challenging and demands the effort of several research groups. Bayesian statistics, in this 

context, provide a set of flexible tools and a general framework to tackle this task (Sorensen and 

Gianola, 2002). Hierarchical Bayes models (HBMs) can handle virtually any level of complexity 

that is present in the population of interest and are particularly useful when records are correlated 

(Hobert, 2000), as typical of related animals. Moreover, HBMs allow for optimal combination of 

information present in the data with previous inferences from the literature to estimate the 

parameters of interest (e.g. genotypic means). The current "'state of art" multiple-breed genetic 

evaluation model for beef cattle in the United States uses a HBM to incorporate prior knowledge 

on heterosis (Klei et al., 1996). 

The objectives of this paper were to review the current state of knowledge on major 

issues involved on the prediction of performance and genetic merit of multiple-breed beef cattle 

populations~ and to describe how HBMs and Bayesian inference can by employed to tackle these 

issues. 
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Review of literature 

Genotypic means. Several approaches have been considered to estimate means of 

genotypes or breed-composition groups in multiple-breed populations. The simplest strategy 

involves including breed-composition in the definition of the contemporary group (CG) and 

estimating heterotic effects jointly with the CG effects. However, this method reduces the 

number of possible direct comparisons and connectedness in the population, since animals with 

different compositions are considered ·different contemporary groups even when they are raised 

together under the same management and environmental conditions (Klei et al., 1996). More 

parsimonious models are obtained by estimating breed-composition means as a function of 

additive (breed proportion) and non-additive (degree of allelic and non-allelic interaction) 

genetic coefficients. If heterosis is primarily due to dominance (allelic interaction) with no 

epistasis, then it is proportional to heterozygosity (proportion of heterozygotes at individual loci) 

(Gregory, 1999). Dickerson (1969; 1973), however, introduced the concept of "recombination 

loss'' to explain deviations from the heterozygosity found in crossbred individuals. The 

recombination loss is equal to "the average fraction of independently segregating pairs of loci in 

the gametes from both parents which are expected to be non-parental combinations'' (Dickerson. 

1969). The effect of recombination loss is attributable to the loss of favorable epistatic 

combinations present in the gametes from purebreds as a result of long-term selection. Kinghorn 

( 1987) proposed several hypotheses and models to account for "epistatic loss'' in crossbred 

populations, and Wolf et al. (1995) proposed a general model based on the two-loci theory to 

account for dominance and epistatic effects. 

Confoundedness and multicollinearity between the coefficients for genetic effects 

complicates the estimation of dominance effects separately from epistatic effects such that most 

of the models proposed for multiple breed evaluations are only based on dominance effects 

(Cunningham, 1987; Klei et al., 1996~ Miller and Wilton, 1999; Sullivan et al., 1999). 

Accounting for additive and heterotic mean effects on genetic evaluations can be 

accomplished by using information in the literature to pre-adjust records (Roso and Fries, 1998: 

Sullivan et al., 1999), provided that the published estimates are reliable and applicable to the 

population being evaluated; by estimating these mean effects solely from the data of the 

population under investigation (Arnold et al., 1992; Miller and Wilton, 1999), or by 

simultaneously using information from the literature combined with data information, as in the 
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benchmark model used currently in the U.S. beef industry (Klei et al., 1996; Quaas and Pollak, 

1999). 

Let g be a genotype (breed-composition) composed of B breeds; let ab be the proportion of 

genes from the bth source; let obb' and obb be the probability that at a randomly chosen locus 

from an individual in g, one allele is from the bth source and the other allele, respectively, from 

b' th and bth source population. A general model assumed for the mean of g ( f.lg) based on the 

two-loci theory and absence of inbreeding is as follows (Wolf et al., 1995): 

B B 8 B 8-1 8 

Pg = P+ Iabf\ + IIobb'Dbb' + Ia;Af\b +2I I abab'Mb' 
b=! b=! b'=b b=l b=! b'=b+l 

B B B B B B B B B (1] 
+I I I ab ob'b'ADb(b'b'} +I I o;b,DD(bb')(bb') +I I I I obb'ob'b-DD(bb')(b"b-) 

b=! b'=! b'=b' b=! b'=b b=! b'=b b'=! b-=b' 
(b:tb' or b'*b"} 

where f.1 is the overall mean, ~ is the additive effect, Dbb' is the dominance effect, Af\b' is the 

additive x additive effect, ADb(b'b') is the additive x dominance effect and DD(bb')(b'b-) is the 

dominance x dominance effect. The indices refer to the source populations. The extension of [1] 

to other effects is naturally done by adding analogous terms referring to the extra effects; e.g ~M 

would be the additive maternal effect. The coefficients in [1] can be obtained from the parental 

generation as follows: ab = 0.5( a;+ a~w), Jbb =a; a:, Jbb' =a; a:+ a;CX: , for b=1, .. . , B; 

b' =1, ... , B; and b < b'. Here P and M denote paternal and maternal groups, respectively. 

Equation [1] is clearly overparameterized; thus some restriction on the parameters must 

be applied in order to make them estimable. These restrictions are based on the relationship 

between the coefficients, namely I:=l ab = 1' I obb' = 1 and ab = obb + o.si obb' . For example, 
b<:;b' b' 

in a two population scenario, a restricted model would be given by: 

flg = P +at~+ J,2Dt2 + 2~ a2~2 +at ~2ADt(t2} + J,~DD(t2}(12}' [2] 

which has 6 parameters and requires at least six genotypic groups to be estimable. This model is 

equivalent to (or a reparameterization of) the models proposed by Mather and Jinks (1971) and 

Hill ( 1982). 

Another important aspect to consider in a crossbred population is that the relationship 

between performance and contribution of each breed may not be linear in all ranges of 
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compositions and can also be environmentally dependent (Arthur et al., 1999~ Long, 1980). As 

an example, the combination of Bas Indicus (for fitness) and Bas Taurus (for production) that 

optimizes performance will vary according to the quality of the environment in terms of 

management and climate. Larger percentages of Bas Taurus will be more suitable to temperate 

environments while animals with larger proportion of Bas Indicus blood are expected to perform 

better in tropical environments. If we partition the different environments into R regions, the 

mean of a breed-composition group raised in the rth region can be written as: 

J.lf:,r = fi+a1~ +012D12 + 2a1 a 2 M 2 +a1 ~2AD1(12) +o1;DD(12)(t 2) +Region, +a1~Region, [
3

] 

r=1, ... ,R. 

Here Region, represents the effect of the rth class of region. Conceivably higher order 

genetic effects could also interact with region effects (Arthur et al., 1999), yielding a 

straightforward extension of [3]. On the other hand, simpler models can be obtained by setting 

some of the effects of the general model in [1] equal to zero. For instance, a model including 

solely additive and dominance effects is obtained when we let all Mb', ADb(b'b'), and DD(bb')(b'b") 

effects be equal to zero. The models of Dickerson (1973) and Kinghorn (1980) based on the 

concept of recombination loss are also simpler versions of [1]. Their models are equivalent in a 

two-breed population (Wolf et al., 1995) but Kinghorn's parameterization has a better biological 

interpretation. Kinghorn's hypothesis X for recombination loss assumes that each locus codes for 

a different component of a dimorphic enzyme and epistatic loss is proportional to the probability 

that choosing one allele from each locus comes from a different breed. This is equivalent to 

assuming that recombination loss is due to between breed additive x additive effects and the 

model can be written as: 

[4] 

Animal additive genetic effects. The genetic value of an animal can be determined by the 

mean of its breed-composition or genotypic group plus an individual deviation from its group 

(Arnold et al., 1992; Elzo, 1994; Klei et al., 1996~ Sullivan et al., 1999). Deviations are due to 

additive and non-additive genetic effects. Additive effects or breeding values indicate the 

deviance from the population means expected in the offspring of an individual when it is mated 

at random to another individual in the population, while non-additive effects are useful to 
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determine specific combining abilities between individuals (Falconer and Mackay,. 1996). These 

deviations are determined by the performance of an individual and its relatives: therefore, it is 

important to properly account for covariances between relatives when predicting genetic value of 

crossbred animals. 

Theory to estimate the covariance between crossbred animals was presented by Lo et al. 

(1993) for an additive model and by Lo et al. (1995) for an additive and dominance model. 

Under the additive model, (co)variances are modeled as a function of breed specific additive 

variances and variances due to the segregation between breeds. These segregation variances 

represent the additional variance observed in F2 individuals compared to the F1 's (Lo et al., 

1993). These methods derive genetic means and covariances between crossbred and purebred 

individuals from ·'identity modes" and based upon the probability that related individuals share 

alleles that are identical-by-descent (IBD). The additive and dominance model is derived for a 

two-breed and their crosses scenario (Lo et al., 1995). This model has an exact theoretical 

derivation and can accommodate the presence of inbreeding, but requires a relatively larger 

number of variance components to be estimated (up to 25 in the former when inbreeding is 

present). Simplifications arise when the population is composed only by the two pure breeds and 

F, 's (Lo et al., 1997), and this model has been applied to swine data (Lutaaya et al., 2001). 

For more general crossbreeding schemes, the dominance model (Lo et al., 1995) can be 

cumbersome due to the large number of dispersion parameters to be estimated, while the additive 

model (Lo et al., 1993) can be implemented without great difficulty. An alternative formulation 

of the additive model with a regression approach to account for non-additive effects and a sire­

maternal grandsire model implementation was proposed by Elzo (1994) and applied to multiple­

breed data (Elzo et al., 1998; Elzo and Wakeman, 1998). Recently. Birchmeier et al. (2002) 

proposed a REML algorithm to estimate additive breed and segregation variances under a typical 

animal model and general pedigree structure. Yet, several recently proposed models (Klei et al., 

1996; Miller and Wilton, 1999; Quaas and Pollak, 1999; Roso and Fries, 1998: Sullivan et al., 

1999) assume that all breeds have the same additive genetic variance and there is no variance due 

to segregation between breeds in advanced crosses. A model including additive and non-additive 

breed-composition means and additive individual deviations may offer a parsimonious model for 

genetic evaluation of multiple-breed populations. 
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Bayesian Inference and hierarchical models on multiple-breed genetic evaluations. The 

milestone paper that introduces Bayesian inferences to animal breeding research is credited to 

Gianola and Fernando ( 1986). The most striking, and perhaps controversial, difference between 

Bayesian and classical (or frequentist) inference is that the former allows the incorporation of 

prior knowledge (Blasco, 2001). From the practical point of view, if significant prior information 

is available, ignoring it seems poor advised, especially when the complexity of the problem is 

high and data information limited. 

Hierarchical or multistage models are used in Bayesian inference to functionally describe 

complex problems through a series of nested levels or sub-models (Sorensen and Gianola, 2002). 

Distributional assumptions and parameter values associated with these distributions 

(hyperparameters in Bayesian terminology) are used to integrate prior knowledge in the analyses. 

The Henderson's mixed model equation (Henderson, 1973) widely used in animal breeding are 

an example of a two stage model as seen below in the illustration of a hierarchical multiple-breed 

animal model (J-Th.ffiAM). The first stage of this model is the distribution of y, a vector of n 

phenotypic records, presented as follows: 

[5] 

where tl is a vector of non-genetic "fixed" effects (e.g. gender, age of dam, contemporary groups, 

etc.): g is a vector of "fixed" genetic effects (as in [1] to [4]); and a is a vector of q animal 

additive genetic effects; Xh X2, and Z are known incidence matrices. The elements of X2 are 

detennined by the coefficients of genetic effects specified above (ds and 8s). Finally 

represents the residual variance, assumed to be homogeneous across breed groups. 

The second stage of the model states the prior knowledge on all parameters in~' g and a 

contributing to the mean (location) of the normal distribution assumed on y [5], and is 

represented by: 

PI Po' V,B- N(Po' Vp), [6] 

g I go, vg - N (go, vg)' [7] 

and 

alGa- N(O,Ga), [8] 
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where ~o and~ are prior means and Vp, VR and Ga are prior variance matrices. The values of f3o 

and ~ can be elicited from the literature, and would be patticularly relevant when the data does 

not have a suitable structure to adequately estimate the effects for all levels or combination of 

levels, as in the cases of unbalanced distributions of records in the subclasses and 

multicollinearity, which are often the case for ~· These "fixed" genetic effects determining the 

genotypic means are generally difficult to estimate solely from the data due to confounding and 

multicollinearity (Birchmeier et al., 2002; Klei et al., 1996), but reliable estimates may be 

available from the literature (Gregory, 1999). The use of informative priors reduces confounding 

among correlated effects (Quaas and Pollak, 1999). The variance specification V p and V g. 

typically diagonal, are used to state the uncertainty about ~o and~· If these variances are set to 

very large values, there would be little confidence on prior means and the inference will be 

basically driven by the data; on the other hand, if the elements of V p and V g are set to very small 

values then the impact of the prior means on the yielded estimates will be large. This is the 

specification adopted by the benchmark model used in today's Simmental genetic evaluation 

(Quaas and Pollak, 1999). The prior assignment on a is based on the additive genetic variance­

covariance between animals represented by Ga. The matrix Ga contains elements as defined by 

Lo et al. (1993). These elements can be computed by the tabular method provided that the 

variance of crossbred individuals is computed as: 

[9] 

where a; and a~ represent, respectively, the additive genetic effect of the sire and the dan1 of j~ 

a<2
a>b is the additive variance of breed b; and a<2

a>bb' is the variance due to the segregation 

between breed band b'. Here, this proposition differs from that of Klei et al. (1996), in which all 

breeds are assumed to have the same genetic variance and there is no variance due to segregation 

between breeds. 

Following Quaas (1988), Lo et al. (1993) showed that the inverse of the additive 

covariance matrix G ~~can be computed as: 

where n: 1 is a diagonal matrix with the jth diagonal element is defined as: 
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m( n) 
1 
= V ar (a j ) - . 25 ( V ar (a; ) + V ar (a~ ) ) - . 5 cov (a; , a~ ) , [10] 

which is a linear function of breed additive variances ( a<2n>b 's), and segregation variances 

The third stage of the model corresponds to prior information on variance components. 

This information is introduced via scaled inverted chi-square prior distributions, defined as 

follows: 

[ 11] 

[12] 

b' =b+ 1, ... , B. [13] 

Here, the s;, s~a>b and sta>bb' hyperparameters represent prior values, respectively for a;, a~a>b 

and a<
2
a>bb'; and the ve, v<a>b and v<a>bb' hyperparameters state the prior degrees of belief or 

certainty about s;, s<2a)b and s~a)bb', respectively. Although prior information for segregation 

variances is limited (Birchmeier et al., 2002: Elzo and Wakeman, 1998), there is extensive 

information available on breed specific variances (Koots et al., 1994; Meyer, 1992) that could be 

incorporated in the analysis through [12]. 

The product of [5], [6], [7], [8], [11], [12] and [13] yields the joint posterior density, 

which is a function of all unknowns in the model given the data y and all hyperparameters, 

represented as follows: 
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( R a a2 a2 2 Ill V V z 2 2 ) P p,g, ' (a)b' (a)bb''ae Po• P'go, g'Ve,V(a)b'V(a)bb''Se,S(a)b'S(a)bb''Y 

oc (a; f"" exp(- 2~; (y- X,13- X2g- Za)' (y- X113- X,g -Za) J 

xexp( -.5(13- 13J Vp' (13- 13.) )exp( -.S(g -gJ v;' (g -g") )IGX'" exp( -.Sa'G:'a) [14] 

x( a;)-("·;'] exp(- ves~ J fi ( a<~Jb) f'";+') exp(- v<•J•:<'•Jb J 
2ae b=l 2a(a)b 

xfi fi ( ata)bb' rl"'''~+2l exp( v(o)bb~sta)bb' J 
b=l b'>b 2a(a)bb' 

Inferences (e.g. estimation of genotypic means or prediction of breeding values) are 

derived from this joint posterior density [14]. There are two main venues to obtain the estimates: 

1) an empirical Bayes approach, in which the modes of all parameters are obtained by iterative 

methods, such as the Expectation-Maximization (EM) algorithm (Dempster et al., 1977) and 

approximate "large sample" standard error derived from the information matrix; 2) a fully Bayes 

approach, in this case Monte Carlo Markov Chain (MCMC), a simulation-intensive algorithm is 

used to derive marginal densities obtaining "exacf' small sample inference of any parameter 

(Gilks, 1996). The Metropolis-Hasting algorithm (Hasting, 1970; Metropolis, 1953) and the 

Gibbs sampler (Gelfand and Smith, 1990; Geman and Geman, 1984) are the most common 

MCMC strategies used in animal breeding. A large number of cycles are generated and samples 

are saved. Eventually, the Gibbs sampler converges to the joint posterior distribution. Values 

drawn after convergence are considered random samples from the joint posterior distribution and 

used to draw inference (e.g. calculate means, modes, medians, standard errors, credibility sets, 

etc) (Sorensen and Gianola, 2002). 

Fully Bayesian methods have been used in the last decade for inference in animal 

breeding problems in several applications, including variance component estimation (Jensen et 

al., 1994: Wang et al., 1994b), predictions of selection response (Sorensen et al., 1994; Wang et 

al., 1994a.) and in threshold models for categorical data (Sorensen et al., 1995; Wang et al., 

1997); The possibility of combining prior and data information, and the ability to provide exact 

small sample inference, make Bayesian methods attractive for ani1nal breeding and genetics 

problems, especially when the number of parameters exceeds the number of observations. 
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Using either an empirical or fully Bayes approach, inference on location parameters (f3, g 

and a) of the hierarchical model desctibed above is derived from the following mixed model 

equations: 

x;x2 

X 'x v-l .., 
2 z + .~: a; 

Z'Xz 

[15] 

A-' . . 
Note that if G:' based on Lo et al. (1993) is replaced by the classical -

2 
, w1th A betng a 

(J'a 

numerator relationship matrix, equations on [15] become equivalent to the ones proposed by Klei 

et al. (1996). Additionally, if Vfi' ~ 0, then [15] equates to Henderson' mixed model equations 

(Henderson, 1973). 

The HMBAM was applied to analyze 22,717 post-weaning gain (PWG) records of a beef 

cattle population under genetic evaluation in Brazil, consisting of Herefords and crosses 

Hereford x Nelore (Cardoso and Tempelman, 2003). Including base animals, 40,082 animals 

were in the pedigree, pertaining to 15 different herds. Results were compared to those from a 

standard animal model (AM) that assumes equal breed variances and no variance due to 

segregation. MCMC was the estimation method used for both models. Posterior means (± 

standard deviation) in kg for fixed genetic effects on g were obtained by HMBAM, using 

Kinghorn's parameterization [4] (Kinghorn, 1980) and non-informative priors, were -29.3 ± 10.1 

for the additive (A) effect (representing the proportion of Nelore genes); 36.7 ± 5.0 for 

dominance (D) and -30.8 ± 9.0 for A x A interaction effects. As expected, D favorably affected 

PWG while Ax A interaction had an adverse effect. The authors however failed to fit the two­

loci model (Hill, 1982; Wolf et al., 1995) due to extremely high correlations between coefficients 

of genetic effects: ranging from 0.92 between Ax A and D x D to a maximum of 0.99 between 

D and A x D. A similar situation was observed by Birchmeier et al. (2002), who used a model 

with only A and D as fixed genetic effects and no epistatic effects. Certainly, incorporation of 

prior information available from the literature on fixed genetic effects in the analyses of poorly 

structured datasets, as those above, will be helpful on accurately predicting performance on these 

populations. The models based on recombination loss (Dickerson, 1973; Kinghorn, 1980: 

Kinghorn, 1987) present an interesting compromise between the two-loci model (HilL 1982; 
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Wolf et al., 1995) and the purely dominance models, allowing for epistatic effects with fewer 

parameters (only one in two breed scenario); however, availability of reliable estimates of 

epistatic effects is still limited (Arthur et al., 1999~ Koch et al., 1985). 

Nelore and Hereford additive genetic variances of PWG in kg2 obtained by Cardoso and 

Tempelman (2003) using HMBAM differed substantially. Herefords had a posterior mean 

genetic variance of 93.1 with a 95% posterior probability interval (PPI) of [70.1, 118.0] whereas 

the corresponding values for the Nelore were 33.8 and [20.6, 52.5]. The AM estimate of a 

common genetic variance had an intermediate value of 60.4 between the Nelore and Hereford 

variances and PPI of [ 44.4, 77 .5]. The posterior mean variance due to the segregation between 

these breeds was 15.1 with a 95% PPI of [5.0, 33.8], having a magnitude of about 45% of the 

Nelore genetic variance, but represented only 16% of Hereford genetic variance. These 

percentages are reasonably larger than those found for birth and weaning weight of crosses of 

Angus and Brahman in Florida, ranging from 1.4 to 3.1% (Elzo and Wakeman, 1998). The 

magnitude of the segregation variance relative to the Hereford genetic variance (16~)) found by 

Cardoso and Tempelman (2003) was, however, similar in magnitude to the results obtained for 

birth weight of Hereford-Nelore crosses in Argentina (16.5%) (Birchmeier et al., 2002). In this 

data set, the Nelore genetic variance was 73.5% of the magnitude of the Hereford genetic 

variance in birth, while in Cardoso and Tempelman (2003) Nelores had a genetic variance for 

PWG that was only 36.2% that of Herefords. The advantage of HMBAM is the flexibility on 

modeling the genetic variability of the different breed composition groups of crossbred 

populations. With HMBAM the genetic variance of each genotypic group is a function of breed 

specific variances and the segregation variance; for example, the genetic variance of the F2 

groups is obtained by 0.5a:, + 0.5a:2 + a:12 (Lo et al., 1993); whereas, a common genetic 

variance is attribute to all compositions in AM. This will affect the dispersion of the genetic 

values and the accuracy of predictions, as it is clear by the different heritabilities obtained by 

Cardoso and Tempelman (unpublished data) for the different genotypes (Table 1). The benefits 

of HMBAM over AM are, however, dependent on the magnitude of difference arr1ong breed 

specific genetic variances and of the segregation variance. 

Expected progeny differences (EPD) in a multiple-breed scenario are a function of fixed 

and random additive genetic effects (Arnold et al., 1992; Elzo, 1994~ Klei et al., 1996; Sullivan 

et al., 1999). The coefficient for the fixed effect (A, D, A x A, etc.) will depend on the mate's 
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genotype and therefore, comparison between candidates for selection should be made for specific 

breed compositions of the mates. The additive genetic effect corresponds to the general 

combining ability of the individual and does not depend on the genotype of the mates. The 

determination of specific combining abilities requires the estimation of non-additive genetic 

variances. Even though theory for an additive and dominance two-breed genetic model is 

available (Lo et al.~ 1995), this model requires a larger number of variance components to be 

estimated and may be cumbersome .for practical applications. A simplified formulation for 

general crossbreeding scenarios including additive effects and regression approach to account for 

non-additive effects (sire x dam genotype interaction) is also available (Elzo, 1994). 

Conclusions and implications to genetic improvement of beef cattle 

The accurate prediction of performance of crossbred animals is one of the most important 

factors ultimately determining the success of breeding programs in the industry today, since a 

substantial portion of the beef is produced from crossbred animals. These predictions require 

reliable estimates of genotypic means and breeding values for complex multiple-breed 

populations. Bayesian inference provides a general framework for optimal merging of 

information derived from data with prior knowledge to achieve this task. 

Hierarchical Bayes models are extremely powerful, yet flexible, tools available to the 

breeders for better describing the biological and environmental complexities behind the 

performance of beef crosses. The implementation of a more realistic modeling of the additive 

genetic variability and correlation between relatives on crossbred populations (Lo et al., 1993) 

will help to improve accuracy of genetic predictions and, consequently, selection response 

(Falconer and Mackay, 1996). Increased genetic progress is a key factor helping producers to 

achieve efficiency in their systems. 

Finally, beef cattle performance 1s, 1n general, measured across diverse production 

systems and environments, with data quality often compromised by the occurrence of recording 

error, preferential treatment and/or the effect of injury or disease. Hierarchical models present a 

general framework to tackle problems arising from the nature of field data structure; a variety of 

multistage propositions have been advocated to handle issues such as heterogeneity of variance 

(Foulley et aL 1992: Foulley and Quaas, 1995; Gianola et al., 1992; SanCristobal et al., 1993), 
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outlying observations (Rosa, 1999~ Stranden and Gianola. 1998, 1999), and uncertain paternity 

as typical of multiple-sire mating (Cardoso and Tempelman, ; Foulley et al., 1987~ Henderson, 

1988), for instance. These situations can be addressed individually, but there is no conceptual 

difficulty in handling them jointly. These critical issues arising from field data could be naturally 

incorporated into HMBAM by adding levels of complexity to its hierarchy. 
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Table 1. Posterior mean, standard deviation (std), and 2.5% and 97.5% percentiles of direct 
additive heritability of post-weaning gain (PWG) for different genotypes, obtained by 
hierarchical multiple-breed animal model (HMBAM) and animal model (AM). 

Model GenotYPe Mean Std 2.5% 97.5% 
AM Overall 0.15 0.02 0.11 0.19 
HMBAM Nelore 0.09 0.02 0.06 0.14 

Hereford 0.22 0.03 0.17 0.27 
F1 0.16 0.02 0.12 0.20 
F2 ·0.19 0.03 0.15 0.25 

BC1 0.14 0.02 0.11 0.19 
BC2 0.21 0.02 0.16 0.25 
Adv3~ 0.20 0.03 0.16 0.26 

a Advanced generation of 3/8 Nelore and 5/8 Hereford composition. 
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& Terry o·:-·-Jeill ...................... lviT .... 1999 Alan & Deb Vedvei .................... SD .... 2000 Lyons Ranch ............................... KS ..... 2002 
Tony Walden .............................. AL. .... 1999 Bob & Nedra Funk ..................... OK .... 2001 Noller & Frank Charolais ........... L\ ..... 2002 
Ralph Blalock. Sr., Blalock, Jr. Steve Hillman & Family .............. IL ..... 2001 Hishel Angus ............................... :'-JE .... 2002 

& David Blalock .................... :\!C .... 2000 Tom Lovell .................................. AL ..... 2001 Running Creek Ranch/ 
Larry & Jean Croiss;111t ............... CO .... 2000 .\:lcAllen Ranch ............................ TX .... 2001 Joseph D. Freund .................. CO .... 2002 
John C. Curtin .............................. IL ..... 2000 Ke\'in, Jessic~t, & Emily Moore .. TX .... 2001 Shamrock Angu.s/ 
Galen, Lori & Megan Fink ......... KS ..... 2000 Blane & Cindy Nagel ................. SD .... 2001 Parker Family ....................... \'\j):' .... 2002 
Harlin & Sus;m Hecht ............... ~ll\ .... 2000 Don & Priscilla :--Jielsen .............. CO .... 2001 Stewart Angus ............................. Ii\' ..... 2002 

George \V. Ll'mm. Man·in Triple ".\f' Farm/ 
& Kathcryn Robert'ion .......... VA ..... 2001 Mayfield Family ..................... AL. .... 2002 

1 .. 
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Seedstock Prodt1cer of the Year 

John Crowe ................................. CA .... 1972 Bill Horror ................................... CA .... 1983 J. David :"Jichols .......................... IA ..... 1995 
n.Irs. R. W. Jones ......................... GA .... 1973 Lee Nichols ................................. LA\ ..... 1984 Richard Janssen .......................... KS ..... 199•1 

Carlton Corbin ............................ OK .... 1974 
Leslie J. Holden .......................... ~n· .... L 975 

Ric Hoyt ...................................... OR .... 1985 
Leonard Lodoen ........................ NO .... 1986 

Tom & Carolvn Perrier ............... KS ..... 199"1 
Frank Felton: ............ ~ ................. l'v10 .... 1996 

Jack Cooper ................................ ~H .... 1975 Henry Gardiner .......................... KS ..... 1987 Bob & Gloria Thonus ................ OR .... 1997 

Jorgensen Brothers ..................... S D .... 1976 W.T. "Bill"' Henneu ..................... WA .... 1988 W'ehrmann Angus Ranch ........... \~-\. ..... 1997 
Glenn BlllTOws .......................... NM .... 1977 Glynn Debter .............................. AL ..... 1989 Flying H Genetics ....................... 01E .... 1998 
James D. Bennett ....................... VA ..... 1978 Doug & Molly Hoff .................... SD .... 1990 Knoll Crest Farms ..... i .................. VA ..... 1998 
Jim Wolfe ..................................... NE .... 1979 Summitcrest Farms .................... OI-l .... 1991 ~·lorven Farms ............................. VA ..... 1999 
Bill Wolfe ..................................... OR .... J 980 Leonard \·xrulf & Sons ................ MN .... 1992 Fink Beef Generics ..................... KS ..... 2000 

Boh Dickinson ............................ KS ..... 1981 R. A. "Rob"' Brown ..................... TX .... 1993 Syclenstrickcr Angus Farms ...... .\·10 .... 2001 

A.F. "Frankie" Flint .................... I\~vl .... 1982 Dave Gust Family ...................... MO .... 2002 
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Circle A Rancl1 Receives tl1e 2002 BIF 
Otltstanding Seedstock Prodtlcer Award 

Circle A 1\anch was named the Beef Improvement Federa­
tion (lHF) Outstanding Seedstock Producer of the Year at the 
organization's }ah annual convention in Omaha, Neh., July 
12, 2002. 

Circle A Ranch is headquartered in Iberia, Mo., vvith satel­
lite operation:> in Stockton and Huntsville, Mo .. and Lineville, 
Iowa. The r~mch headquarters was established 12 years ago 
and is honw to 700 registered Angus and Red Angus females 
in addition to 1 ,HOO commercial Angus cows. Circle A runs 
approximatdy 2.000 commercial Angus cow.s near I-lunrsville, 
ivlo., and 2.200 commercial Angus cmvs at Stockton, Mo. Ap­
proximately ~. 100 he~1d of fall and spring replacement heifers 
are developed at Lineville. Iowa. 

The Dave Gust family started Circle A with two nnin goals: 
D Produce the best possible genetics in the industry and 2) 
provide service to customers in the best way possible. 

In their efforts to produce superior genetics, Circle A has 
• contributed more than 4,000 carcass records to the Angus 

Herd Improvement Records (AHIR> program fi·om their de­
signed pn Jgeny-testing program; 
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• established the Angus Sire Alliance; 
• implemented economic selection indexing into its breed­

ing program; 
• constructed a feed efficiency research center; 
• established a DNA repository of approximately 3, 500 steer 

samples; 
• produced seven clone-mate families from proven sire and 

dam cell donors; 
• constructed their own Internet-based data collection sys­

tem that ties together all of the four ranches; and 
• computed wirhin-hcrd expected progeny differences (EPOs) 

twice each year for the commercial operations. 

To better serve customers. Circle A has held seedstock fe­
male sales for eight years and bull sales for 10. The ranch 
annually hosts four feeder-calf sales that highlight genetics 
from their customers, and it employs a full-time staff member 
with commercial marketing responsibilities. 

Circle A Ranch is mvnecl hy Dave Gust Sr. and Family and 
is managed by l\brk Akin. 



2003 BIF Seedstock ProdliCer Award Nominees 

Bedwell Charolais 
Gene and Ruth Bedwell, lou .. a 

In 1965, \Ve purchased 40 acres of rolling, green pasture 
and hay ground in south central Iowa (cow country). Ruth 
and I \vorked full rime in Des Moines. but \Vanted to farm 
since we had both been raised on farms. In 1966, \.Ve bought 
our first cows, ten half-blood Charolais, then in 1969 we bought 
the 160 acres of crop and pasture ground adjoining our farm 
and in the following year, \Ve purchased ten more half-blood, 
Charolais x Hereford cmvs plus a bull and started raising and 
keeping our own replacement heifers. From this start of twenty 
half-blood cows, we have bred up to a complete purebred, 
registered herd. 

Ruth quit working in town \vhen \Ve began having our 
children, and I continued to work there umil 1972, \Vhen we 
purchased more farm ground and pasture thai adjoined ours. 
Today, we are still living in the same home that we moved 
into in 1965. Our farm has expanded to 6"t0 acres, with a 
100+ spring calving cowherd. In order to raise and support a 
family, we needed a product that \Ve could promote and mer­
chandize ourselves. The purebred livestock industry was our 
opportunity to do this as a family, withour off-t~m11 income. 

\Vhen you approach our farm through the rolling green 
hills, dotted with white cattle, you instantly get the impres­
sion of an experrly maintained, no-nonsense cattle operation. 
Everywhere you look things are painted, mowed and in as 
close-lo-perfect order as things can he on a working ranch 
without unnecessary frills. 

Boyd Farm 
L.A. (Lee) Boyd. IV and Harliet Boyd, Alabama 

Boyd Farms is located in the he:trt of the \Viregrass re­
gion of Alabama. Established over 80 years ago, Boyd Farms 
breeds purebred Simmental genetics. With goals including 
structural correctness. muscling, easy fleshing, and high per­
formance. Boyd Farms plans to consistently produce the type 
of genetics commercial and purebred cattle producers are 
looking for to improve their herds. The current cow herd 
consists of 125 females \\.-hich arc bred AI to bulls with bal­
anced EPD trait values. Bulls are matched to individual cmv 
groups to compliml:'nt cow genetics. Over 40 bulls are mar­
keted each year primarily through private treaty and the 
\X.'iregrass BCIA Grazing Evaluation Sale. Heifers are also 
marketed through Alabama Simmental Association Sales, 
BCIA Heifer Sales and private treaty. Tn 2002, breeding stock 
\vas also marketed to Venezuela. Pastures are primarily bahia 
grass and coastal Bermuda. In the summer, sudan grass is 
plamed to supplement grazing or for hay production. Pas­
tures are overseecled for winter grazing and crabgrass is 
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planted on idle peanut land. Last ye:tr. 240 acres \Vas cross 
fenced and rotational grazing implemen~ed. Financial infor­
mation is analyzed through the \Viregrass Farm Analysis Pro­
gram. This information is allowing Boyd Farms to continu­
ally reduce costs \Vithout sacrificing performance. Lee Boyd 
is active in his conununity and state organizations. He has 
been a regional vice president of the Alabama Cattlemen's 
Association and currently serves on the Board of Directors 
for the Alabama Simmental and Coffee

1 

County Cattlemen's 

Associations. 

Camp Cooley Ranch 
Jfr. Klaus Birkel, ou·1ze1~ il!r. Mark Cuwan, manager; Te.x:as 

Camp Cooley Ranch is a progressive beef oper<nion lo­
cated east of Franklin, TX. Set on gently rolling hills, the ranch 
is picturesque and home to Brangus, Angus Jnd Charolais 
caul e. 

Klaus Birkel purchased Camp Cool<TY Ranc_h in October 
1991. In 1993, he purchased the Brinks Brangus cowherd and 
moved the cattle from Kansas to Texas. EventLally he added 
the complimentary genetics of Angus hnd Charolais cattle. 
Today, the Camp Cooley Ranch umbrella has grown to in­
clude nearly 2,000 registered females at tl1c ranch and addi­
tional cattle at joint ventures in Mexico, Bolivia, Argentina 
and Brazil. 

Camp Cooley Ranch has taken progressive measures. fund­
ing and pai'ticipating in numL·rous research projects across 
the nation. \Xlith the development of programs such as the 
Producer Revenue Enhancement Program ( P.R.E.PJ, they con­
tinue to stay on the forefront of the industry ·with carcass 
research and the collection of data. 

During the calendar year 2003, Canip Cooley Ranch will 
market over 700 bulls through their annual production sale 
and by private treaty. At the annual sale and throughout the 
year, efforts are made to provide learning/educational oppor-
1 unities for customers and cooperators. 

The staff at Camp Cooley Hanch strives to provide cus­
tomer service that is second to none whik providing perfor­
mance backed seed stock. 

Hilltop Ranch 
1111: and Mrs. Bill Can~ Te.1.:as 

I have been raising cattle for a linle over fifty years start­
ing \Vith ~l small interest in a family operation in the early 
1950's in the bmsh country of \\lebb County. Texas. By 1988 
and through various means, including the boJTO\Ving of 
money to buy other ranch lands and negotiating tax free 
exchanges of same with other family 
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members. I acquired 
sole ownership of the original w·ehb County ranch. In 1994 
\Ve bought another ranch in the ''Hill Country" of Kendall 



County, North of San Antonio and South of Fredericksburg, 
Texas. It \V~t:-; a productive ranch for that scenic part of the 
country in that it had most of the cedar removed and a good 
turf of grass with miles of crystal clear spring-fed creeks that 
flow most of the year. In 1996 we bought another ranch in 
the very productive sandy loam portion of \Vilson County, 
Texas. about 30 miles Southeast of San Amonio. \\lith addi­
tional land clearing, fencing, water well drilling and center 
pivot system installation. I keep this place in Coastal Ber­
mucla and o~tr.s. These ranches total about 14,000 acres. The 
\Xlehb County Ranch is by far the biggest part of the opera­
tion and wh~..·re \Ve call home, but we get to each ranch all 
hut t\VO or three weeks of the year. 

I've alw<rys considered ranching to be a two pronged ef­
fort. One being the transformation to and maintenance of 
productive rangl' and pasture land and the other being the 
operation of an efficient, and hopefully profitable, catLle rais­

ing and markcting program. 
\X'hat success I've had has probably been primarily attrib­

utable to having early in my endeavors \Vorked out a uniquely 
efficient process of converting the mixed hmsh and prickly 
pear infested range lands of \\-'dlb County to relatively clean 
grass pastures and a strong emph:tsis on performance in our 

canlc operati<1n. 
Our breed is Beefmaster. Our capacity is about 1000 cows, 

but having hc·en through numerous droughts over the years 
we will usually be stocked \\'ith 700 to 900 breeding age fe­
males. About .half of these will be purebred Beefmaster fe­
males that WL' synchronize, heat detect and A. I. and then break 
into groups\\ itb one Bcefmaster follmvup hull on each group 
for an additi< mal approximately 60 days. The other half are 
commercial Braford cows that we synchronize and use for 
recipients for Beefmaster embryos. I put an English breed 
bull on these recipiems right after they receive an embryo, or 
fail to qualify for same, to get a readily distinguishable and 
marketable o nnmercial calf as soon as possible. 

\X'e calve in the spring, wean in the fall, grow our replace­
ment heifers < 1n irrigatible oats at the \Vilson County ranch to 
approximately 14 months of age and breed them to calve as 
two vear olcls. \\'e grmv our sale ~mel replacement hull calves 
in gr~tss traps of .:;o,acres or more supplemented "\Vith a grow­
ing supplemental feed formulated for our grass by Texas A&~·f 
Cnivcrsiry st~tff. A sampling of our bull calves that are culled 
at weaning are knife cut, preconditioned and fed each year in 
a retained ownership program where I receive gains and car­

cass data. 
W'e collect weaning weights, yearling weights and post 

weaning gains. As yearlings, we measure pelvics and have 
sonogram carcass evaluations made of all retained heifers and 
hulls and mea~ure the scrot~tls of such bulls. \\7e keep com­
plete production records on our cows and they are culled on 
their calving frequency and overall calf quality. 

Our cattle or genetics have been involved in a number of 
Cniversity sponsored research projects and have done well in 
same. Verv recentlv, Texas A&!vll1niversity concluded a three 
year proj~ct uf pr~>ducing and evaluating through sbughtcr, 

calves out of their Angus test herd and from rhe semen from 
15 Beefmasrer hulls. One of our bulls was involved and. \\'hile 
doing \Veil in all traits measured, produced calves that were 
number one in yearling weight, riheye size and tenderness 
substantiating their growth, muscularity and eating quality. 

\Ve ~tdvertise our cattle in cattle magazines, newspapers 
and other media and market them through occasional pro­
duction sales, consignment sales and private treaty and most 
importantly stand behind them beyond the requirements of 
such sales. 

Moser Ranch 
Horry mzd Lisa "\loser Fmnizr. Kansas 

The spring of 19H7 saw the Moser Ranch market four bulls 
as breeding stock to locd cattlemen, and in their 11th annual 
sale on February 8, 2003, 118 head of Simmental, Angus and 
Red Angus hulls sold into seven states and one Canadian 
province. Harry, a native of North Dakota and graduate of 
North Dakota State University in Agriculture/Animal Science. 
and Lisa, a native Kansan \Vith :1 degree in Agriculture/Ani­
mal Science from Kansas State University, have been in the 
cattle business all of their lives. Along with their children, 
Cameron ( 19), Kendra ( 16) and Kayla (11), the J\·losers o\vn 
and manage the Moser Hanch, located approximately 40 miles 
northeast or ~.fanhattan in the northern Flint Hills of Kansas. 

\Vith the use of proven, predictable genetics, and exten­
sive art ificbl insemination (AI) and embryo transfer (ET) pro­
gram, utilizing every avaibble economic and performance 
measurement as much as possible, the ~·losers have built a 
very strong genuic base in their cowherd, while at the same 
rime developing a strong customer service program. 150 spring 
and 20 fall-calving Simmental females, -40 spring and 10 fall­
calving Angus, 25 Red Angus spring-calving females. and 50 
fall-c1lving commercial Angus females make up the cowherd 
numbl'rS on the ;\·loser Ranch. Currently, seven producers are 
cooperator herds for the embryo transfer program, \Vhich 
began in 1991 and this enables the ~·losers to produce ap­
proximately 150 additional calves per year. Bulls are sold pri­
marily to commercial cattlemen in the annual bull sale. and 

ferrules and embrvos are sold private treaty. 
The .Mosers ar~ verv "hands-on" with respect to their en­

tire operation. \Vhethe~ it be clay-to-day care of the cowherd, 
sire selection and mating decisions, all heat detection and AI 
vmrk, weaning and development of hulls and replacements, 
putting up and grinding feed, all aspects of sale management 
and promotion, financial and breed association book\\'ork. 
computer time and vveh site updates, customer service and 
consultations or developing marketing options and feeding 
alliances, the f~unily works together and utilizes the strengths 

each person brings to the operation. 
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In the past five years, the commitment to helping mar­
kt.:t customer calves through various avenues has been es­
pecially rewarding. Two alliances vvith which they are in­
volved provide feedlot and carcass data on each individual 
animal that goes through each program. In addition, a ~·foser 
Influence Preconditioned Calf Sale held each fall gives still 



other customers a very lucrative option. Continued cus­
tomer and consumer education is addressed regularly by 
holding seminars and hosting tours to enhance understand­

ing of the beef industry. 

Mystic Hill Farms 
Dauid and Cbarlotte Caldwell, Vilginia 

Mystic Hill Farms, established in 1988 by the Caldwells 
located in the Blue Welge .\lountain foothills of Culpeper 
County, is committed to the breeding of registered Angus 
seeclstock to serve all phases of the beef industry. The pri­
mary objective is to address the needs of the commercial cmv­
calf producer \Vith genetics developed in a practical environ­
ment. Mystic Hill runs 850 cattll' on 1800 acres under concli­
tions experienced by producers in the region. The farm was 
third, eighth and fourth in Angus registrations for 2000, 2001 
and 2003 respectively in Virginia and had 7 bulls in 2002 An­
gus sire summary, one of which is leased to~~ major bull stud 
and 3 hulls in the Braunvieh sire summary. 

J\·lystic Hill calves out 300 purebred Angus and 30 pure­
bred Braunvieh cows mated to performance sires. resulting 
in functional and balanced offspring that avoid extremes. 
Calving seasons include both spring and fall to efficiently use 
facilities, labor and bull power. Heifers are synchronized for 
AI breeding followed by the adult cows; all females later sotted 
into breeding groups for natural service. Selected donors sup­
port the embryo transfer program \Vilh proven superior value 
to the program. expanding their influence on the herd. Com­
mercial cows raise embryo calves or produce Braunvieh/An­
gus hybrid offspring that express heterosis, enhance end prod­
uct value and offer alternative out cross genetics. 

Bulls are co-mingled with cooperators' hulls then perfor­
mance tested on the farm for 110 days, and marketed in two 
annual sales targeting local commercial producers. The feed­
ing program expn:sses genetic differences for grmvth, ultra­
sound measurements are taken to determine carcass merit, 
rl'productive evaluation including semen testing determines 
bn:eding soundness and visual evaluations are made for sound­
ness and disposition. Bulls d1at fail go to slaughter. 

Pingetzer's Six Iron Ranch 
George and Rube11 Pingetze1; W}'oming 

Six Iron lbnch. established in the late 1.950s, is located 
eight miles south of Shoshoni in \Xiest Central \\7 yoming. \\7e 
started raising registered Red Angus cattle in the early 1970s. 

Currently we have 200 head of registered Reel Angus cows. Tn 
the last year \Ve have also expanded to incorporate a small 
herd consisting of 25 head of registered I3bck Angus cows. 
We also nm 600 head of commerci~tl Red Angus cross c.mle. 
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Our calving season begins in Lite Januaty, with the first-calf 
heifers and registered cows. The commer(jal cov.·s are bred to 

stat1 ~·'larch 1st. By April 1st, \\·e are 85-900;b calved out. Our 
registered herd receives no preferential treatment. They are 
expected to earn thl'ir keep just like the ~:onunercial herd. 

Our operation also includes 1 '100 acres of inigated farm­
land. \Ve raise corn. oats, alfalfa, and mixed hays. \\'e also 
feed the hulls for the annual \Vyoming Beef Cattle Improve­
ment Association (\'(.'HCIA) bull test and ~ale. The sale is held 

d t. il' I at our sale barn here at 1e rest ac tty. 

San Isabel Ranch, LLP 
Elizabetb R. Kettle, Personal Representa(it'e for Be1~ianzi1z W~ 

Kettle, DFAI, Colorado 

San Isabel Ranch (SilU is located in the \·Vet Mountain Val­
ley. 3 I/2 miles \X'est of \\;estcliffe at 8,000 ft. The r~mch has 
been in continuous operation hy the Kellle family since 1872. 
The production of Registered Horned Herefords began in 1916. 

The b:tse of the cmv herd is approximately 150 cows. All 
of the cows are home raised as are the herd bulls. The herd is 
intensely I ine-bred on the basis of perfdnnance records kept 
for over 50 years. Every five or sLx years SIR will purchase an 
outcross bull to ensure the progression of the genetic pool. 
Feedlot and carcass data is collected whenever possible. \Ve 

plan our calving season to match the grm:o.'ing season within 
this high mountain valley. \Ve begin calving early April and 
finish in about 75 days. 
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The cattle are maintained \Vith no ct'eep fet·ding. \'X-'e pro­
vide a free choice, complete protein mineral supplement and 
free choice salt to all cattle on the ranch; \Vinter feed includes 
native and mixture grass hay produced at the ranch and, in 
times of hay shortage &/or \vhen the ground i~ open, a small 
amount of protein./mineral f011ified cake is feel for a short 
time in the Fall. 

The sale cattle are offered private tr~·~try or through video 
auction. Heifer replacements are bred as yearlings at a mini­
mum weight of 650#. They are bred for their first calves to 
low birth-weight, registered Red Angus hulls to best utilize 
heterosis in those calves. 

In typical moisture years, the ranch prociLces an excess 
of native (Timothy, Brome, small ampunts ot Alfalfa, and 
various clovers) hay for market. \Ve include a custom haying 
enterprise at SIR to offset the expense of producing our 
own feed. 

I 

In addition, we have capacity to manage approximately 1,500 
of stocker cattle for our custom grazing enterprise. \\le typically 
receive those caule mid-J\.Iay and ship li\lte September. 

San Ts<thel Ranch had the first herd in the country to con­
duct Brisket disease research in cooperation with Colorado 
State University to dell'rmine the genetic tendency to high­
altirude disease. This results in the development of the PAP 
testing for genetic susceptibility. 



Shamrock Vale Farms 
Earl alld Nedra JicKants, Obio 

Earl \Vas r~tised on a dairy and heef f::tnn in northeast Ohio. 
After high school and four years in the Nav',r. he started farm­
ing full-time on his 137 acre farm with i2 Holstein cows. 
Over the ye~trs he increased his t~mn to 600 acres, enlarged 

his dairy herd to 150 head and started a small registered An­
gus herd in the late 70s. He expanded his Angus herd bv 
retaining his o·wn replacement heifers. Tn 1991 the dairv cartl~ 
and 250 acres were dispersed. .. 

Shamrock Vale Farms today is a registered Angus business 
wirh all 400 acres consisting of grass, <ilso 150-175 mot her 
cows plus cakes and about 75 replacement heifers. 

Forages on the farm consist of mostly orchard grass and 
clover mi.xed with some fescue. The farm is laid out in pad­
docks for rotational grazing. Cattle are moved every 12 hours 
during the growing season. A water system has been devel­
oped to supply \Vater into most every paddock. Stockpiled 
grass and sm~dl round bales are used for winter grazing. 
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I~leifers and cmvs are estrous synchronized and bred using 
artificial insemination to calve from Januarv-~'larch. The breed­
ing program has been totally AI for. the la;t six years. Sires are 
selected with balanced EPl )s for both grmvth and carcass traits. 
Fleshing ability and a medium frame arc also imponanr. 

Shamrock Vale Farms is a closed herd producing its mvn 
replacements. The herd is accredited and cenified for Brucel­
losis and TB, Johne's Disease test negative for the pasr seven 
years and Bovine Leukosis Virus negative for the last six vears. 

All three-year-old cows are sold each fall after we~1ning 
their second calf and being pregnancy checked. I Ieifer calves 
are retained in the herd for replacements. About 40 bulls are 
marketed through Camp Cooley Ranch in Texas with vvhom 
we are a cooperator herd, and 1.:; to 20 are marketed from the 
farm. 

Earl is a past president of the Ohio Cattlemen's Associa­
tion, served nine years on the Ohio Beef Council and is active 
in his church and community. 
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Cot1unercial Prodt1cer Ho110r Roll of Excellence 
I 

Ch<tn Cooper ............................... fvrr .... 1972 
Alfred B. Cobb. Jr. ...................... l'v!T .... 1972 
Lyle Eivens .................................. lA ..... 197.2 
Broadbent Brothers .................... K Y .... 197 2 
Jess Kilgore ................................. MT .... 1972 
Clifford Ouse .............................. M:-.J' .... 1973 
Pat \X1ilson ................................... FL. ..... 1973 
John Glaus .................................. SD .... 197.) 
Sig Peterson ............................... N D .... 197 3 
:\Ltx Kiner .................................... \\1A .... 197 3 
Donald Schott ............................. :V1T .... 197 3 
Stephen Garst .. . . . .. . . . . .. . .. .. . .. .. .. .. .. I A ..... 197 3 
J. K. Sexton ................................. CA .... 1973 
ElmL·r !\:Iaddox ............................ OK .... 1973 
Marshall \kGregor ..................... \•10 .... 1974 
Uoyd l'vlygard ............................. [\·1D .... 1974 
Dave Matti ................................... MT .... 197·! 

Harold & \Vesley Arnold ........... SD .... 1979 

Ralph 1'\eill .................................. lA ..... 1979 
.\·!orris Kuschel ............................ \1:--J .... 1979 
Bert Hawkins .............................. OR .... 1979 
Dick Coon ................................... \VA .... 1979 
Jerry Northcutt ........................... MO .... 1979 
Steve McDonnell ........................ MT .... 1979 
Doug Vandermyde ...................... I L ..... 1979 

Norman, Denton 
& Calvin Thompson .............. SD .... 1979 

Jess Kilgore ................................. ~IT .... 1980 
Robert & Lloyd Simon ................ IL ..... 1980 
Lee Eaton .................................... MT .... 1980 
leo &. Eddie Grub! ..................... SD .... 1980 
Roger Winn, Jr. ........................... VA ..... 1980 
Gordon .\-!cLean ......................... '{D .... 1980 
Ed Disterhaupt ........................... ~·1:-.J" .... 1980 

Franklvn Esser ........................... MO .... 19H4 
Edgar .Le\vis ............ L ................. !\IT .... 1984 

Bovd Mahrt ............ , .................... CA .... 1984 

:-Jeil .\loffat ............ .!. ................. CAN ... 1984 
\X'illiam I-l. Moss,Jr.I .................... GA .... 1984 
Dennis P. Solvie ..... j ................... !'vii\ .... 1984 
1{obert P. Stewart ........................ KS ..... 1984 

Charlie Stokes ........ L ................... ='iC .... 1984 

l'vlilton \X'endland .. .L. ................... AL ..... 1985 
Bob & Sheri Sclunidt ................. MN .... 1985 
Delmer & Joyce Nelson .............. IL ..... 198'5 

Harley Brockel ...... ~1 
..................... SO .... 1985 

Kent Brunner .............................. KS ..... 1985 
Glenn Harvey ............................. OR .... 1985 

John Maino ........... / ..................... CA .... 1985 
Ernie Reeves ............................... \~<\ ..... 1985 
John R. Rouse ............................ \\i\' .... 1985 

Eldon \Viese ............................... lVI N .... 197 4 Thad Snow ................................ CA:-J ... I 980 George & Thelma Boucher ..... CAN ... I 985 

Lloyd DeBruycker ...................... 1\•IT .... I 974 
Gene Rambo ............................... CA .... 197 I 
Jim Wolf.. ..................................... 1'\E .... I 97·1 
Henry Gardiner .......................... KS ..... 197,1 
Johnson Brothers ........................ SD .... 1974 

Oren &. Jerry Raburn .................. OR .... I 980 
Bill Lee ........................................ KS ..... 1980 
Paul Moyer ................................. tv!O .... 1980 
G. \V. C3mphell ........................... lL ..... 19R1 
J. J. Feldmann ............................. lA ..... 1981 

Kenneth Bentz ............................ OR .... I 986 
Garv Johnson .............................. KS ..... 1986 
RaiJ;h· G. Lovelady
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...................... AL ..... 1986 
Hamon H. Oliver .; ...................... KY .... 1986 
Kay Richardson .... , ...................... FL ..... 1986 

John Blanker:-; ............................ l'vll\ .... 1975 Henry Gardiner .......................... KS ..... 1981 !\k & )Irs. Clyde Waus .............. NC .... 1986 

Paul Burdell ................................ fviT .... 1975 D;m L. \Vcpplcr .......................... MT .... 1981 David & lkv Lischka ............... CAN ... 1986 

Oscar Burroughs ........................ CA .... 1975 Harvey P. \Vehri ......................... 1'\D .... 1981 Dennis & Nancy Oaly ............... \VY .... I 986 

John R. Dahl .............................. :-.J'D .... 197') Dannie O'Connell ...................... SD .... 19B1 Carl & Fran Dobitz ..................... SD .... 1986 

Eugene Duck\Votth ................... MO .... 197') Wesley & Harold Arnold ........... SO .... 1981 Ch~trles Fariss ....... , ...................... \~<\ ..... 1986 
Gene Gates ................................. KS ..... 197'5 Jim Russell & Rick Turner ........ lv!O .... 1981 David J. Forster. ... , ...................... CA .... 1986 

V. A. Hills .................................... 1\.S ..... 197'5 Oren & Jerry Raburn .................. OR .... 1981 Danny Geersen ........................... SD .... 1986 

Robert D. Keefer ........................ \H .... 1975 Orin Lamport .............................. SD .... 1981 Oscar Bradford ........................... AL. .... 1987 
Kenneth E. Leistritz .................... :-.J'E .... 197'5 Leonard Wulf ............................. MJ\ .... I 981 It J. Mawer ................................ CAN ... 1987 

Ron Baker ................................... OR .... 1976 \Vm. H. Romersbcrger ................ IL ..... l9H2 Hodney G. Oliphan .................... KS ..... 1987 

Dick Boyle .................................. lJ) ..... 1976 Milton KruegL"r .......................... r-..ro .... l9H2 David A. Reed ............................. OR .... 1987 

James D. Haclnvorth ................. MO .... 197(1 Carl Odegard .............................. MT .... 19H2 Jerry Acbmson ..... ~ ....................... 1\'E .... 1987 
John Hilgendorf.. ....................... .\•1:-.J' .... 1976 ;\·!arvin & Donald Stoker ............ !A ..... 1982 Gene Adams ............................... GA .... 1987 
Kahau Rant:h ............................... HI ..... 1976 Sam Hands .................................. KS ..... 1982 Hugh & Pauline Maize ............... SD .... 1987 
.Milt(ln J\!allery ............................. CA .... 1976 Ltrry Camphdl ........................... K'Y .... 19H2 P. T. MeT ntire & Sons ................. VA ..... 1987 
RobL"rt Rawson ........................... lA ..... 1976 Lloyd Atchison .......................... CAN ... 19H2 Frank DisterhaupU. ..................... 1\·IJ\ .... 1987 
\\.'illiam A. Stegner ..................... ND .... 1976 Earl Schmidt ............................... MN .... 1982 !'viae. Don & Joe Griffith ............ GA .... 1988 
U.S. Range Exp. Sration ............. MT .... 197(1 Raymond Josephson ................. NO .... 1982 .Jerry Adamson ............................ :\"E .... 1988 
John Blankers ............................ .\ilN .... 197(1 Clarence Heuner ......................... SD .... 19H2 Ken/\'>7ayneiBruce Gardiner .... CA.!'\ ... 1988 
~bynard Cree~ ............................ KS ..... 1977 leonard Bergen ........................ CA~ ... 1982 C. 1.. Cook .................................. 1\·10 .... 1988 
Ray Franz .................................... .\H .... 1977 Kem Brunner .............................. KS ..... I 983 C.J. & D. A. McGee .................... IL ..... 1988 
Forrest H. Ireland ....................... SD .... 1977 Tom Chrystal ............................... lA ..... 1983 William E. White., ....................... KY .... 1988 
John A. Jameson .......................... JL ..... 1977 John Freitag ................................ \\·1 .... 19H3 Frederick ~~1. Mallory .................. CA .... 1988 
Leo Knoblauch .......................... i\11'\ .... 1977 EddiL" Hamilton ........................... KY .... 1983 Stevenson Family ....................... OR .... 1988 
Jack Pierce .................................. ID ..... 1977 Bill Jone~ ..................................... J\:JT .... 1983 Gary Johnson ...... , ....................... KS ..... 1988 
.\•lary & StL"phen Garst.. .............. lA ..... 1977 !larry & Rick Kline ...................... IL ..... 1983 John McDaniel .... : ....................... Al ..... 1988 
Todd Osteross ............................ l\D .... 197:-l Charlie Kopp ............................... OR .... 19H3 William A. Stegner ..................... :\'D .... 1988 
Charles \'!. .farL"cki ...................... :viT .... 19/H Dmvayne Olson ......................... SD .... 1983 Lee Eaton ............ ~ ....................... MT .... 1988 
Jimmy G. McDonnal .................. NC .... 1978 Ralph Pederson .......................... SO .... 1983 Larry D. Cundall .

1 
....................... wry .... 1988 

Victor Arnaud ............................ \-10 .... 1978 Ernest &. Hell"n Schaller ............ .\·!0 .... 1983 Dicker & Phyllis Henze ............. \'IJ\ .... 1988 
Ron & .\lalcolm .\lcGregor ......... lA ..... 1978 AI Smith ....................................... V:A ..... 19H3 Jerry Adamson ............................ NE .... 1989 
Otto Lhrig ................................... NE .... 1978 John Spencer .............................. CA .... 19:-l3 J. \X'. Aylor ........... ~ ....................... VA ..... 1989 
Arnokl \Xlyfl'els ........................... MJ\ .... 1978 Bud Wishard .............................. lVI='i .... 1983 Jerry BailL'y ................................ ND .... 1989 
Bert Hawkins .............................. OR .... 197H Bob & Sharon Beck ................... OR .... 19H4 James G. Guyton ....................... \VY .... l989 
Mose Tuckt:.·r ............................... AL ..... 1978 Leonard Fawcett ......................... SD .... 19H4 Kent Koostra ............................... KY .... 1989 
Dean Haddock ........................... KS ..... 1978 Fred &. LeL' Kummerfeld ........... W!r .... 1984 I<alph G. Lovelacly ...................... AL ..... 1989 
Myron Hoedde .......................... :-.J'D .... 1979 !\orman Coyner & Sons ............. VA ..... 1984 Thomas McAvoy, Jr .................... GA .... 1989 
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Bill Salton .................................... IA ..... 1989 Walter 1-Iunsuker ......................... CA .... 1993 Randy and Judy \·Jills ............ oo ... KS ..... 1998 
Lmren & l\·lel :-.chuman ............. CA .... 1989 Nob & Steve Kleihoeker .......... lviO .... 1993 l\Iike & Priscilla Kasten ............. _\'fO .... 1998 

Jim Tesher ............................. 00 .. '\0 .... 1989 Jim ..\bier ..................................... SO .... 199.3 Am:ma f~Lrms, Inc ...................... IA ..... 1998 
Joe Thielen .............................. 00 00 KS ..... 1989 Bill & Jim :VIartin 00 .. 00 .................. \xrv .... 199 3 Tcny & Dianne Crisp ................. AB .... 1998 
Eugene & Ylctw \\'illiams .... 00 ... l'v!O .... 1989 Ian & Alan !'vJcKillop ................. ON .... 1993 Jim & Carol Faulstich ...... 00 ......... SD .... 1998 

Phillip, Patty ,'~ Greg Bartz ....... MO .... 1990 George & Hobert Pingetzer ...... \VY .... 1993 James Gordon Fitzhugh .. 00 ........ \\TY .... 1998 
John J. Chrisman ....................... \\·"):' .... 1990 Timothy D. Sutphin .................... \·~A. ..... 1993 John B. ::vlitchell .......................... v:o\ ..... 1998 
Les Herbst .... 00 ............ 00 .............. KY .... 1990 James A. Thecck ........... 00 ............ TX .... 199.3 Holzapfel Family ........................ CA .... 1998 
Jon C. Fergu:;on .......................... KS ..... 1990 Gene Thiry ................................... :VlB .... 1993 .\·like Kirley ................................... IL ..... 1998 
!'l·fike & Diana Hooper ............... 01{ .... 1990 Fran & Beth Dobitz ...... 00 ............ SD .... 1994 Wall;tce & Donald Schilke ........ ND .... 19')8 
James & Jo~m \·lcKinlay .. 00 ....... CA\f oo. 1990 nruce Hall ................................... SD .. 00 1994 Doug & Ann Deane 
Gilbert !'vleyer ............................. SD .... 1990 Lamar lvey .................... 00 ............ AL ..... 199"+ and Patricia R. Spearman ..... CO .... 1998 
Du\\'~tyne Obnn ......................... SD .... 1990 Gordon Mau ............................... lA ..... 1994 Glenn Baumann ........................ ND .... 1999 
Raymond R. Pl·ugh .......... 00 .......... TL ..... 1990 Randy J\:Iills ................... 00 ...... 00 .... KS ..... 1994 Bill Boston ................................... IL ..... 1999 
Lewis T. Pratt .............................. VA ..... 1990 'v/. W. Oliver ..................... 00 .... 00 .. VA ..... 1994 C-J-R Christensen Ranches ....... \VY .... 1999 
Ken & Wendy Sweetland ......... CAN ... 1990 Clinton Reed ................. 00 ........... \\l} ....... 1994 Ken Fear, .Jr. ............................... \'\-'Y .... 19')9 
Swen R. Swencon Cattle .... 00 ...... TX .... 1990 Stan Sears ...................... 00 .......... 00 CA .... '1994 Giles family ........... oo ................... KS ..... 1999 
Robert A. '\ix' m & Son ...... 00 ...... VA ..... 1991 Walter Ca rlee ........ oo .................... AL ..... 1995 Burt Guerrieri ........................ 00 ... CO .... 1999 
.l\'lurray A. Gn::t\·es .... 00 ....... 00 .... CAN ... 1991 Nicholas Lee Carter ...... 00 ............ KY .... 1995 Karlen Family .............................. SD .... 1999 
James Hauff 000000 ......................... KD .... 1991 Charles C. Clark, Jr. .................... VA ..... 1995 Dcseret Hand1es of AlbL·1ta .. oo. CAl\ ... 1999 
J. H. Anderson ............................. \\'I .... 1991 Greg & M<llY Cunningham .. oo ... \X·'Y .... 1995 Nick & :\'Llry Klintworrh ............ 1\E 0000 1999 
Ed & Rich Blair ........... 00 .............. SD .... 1991 Robert & Cindy Hine ................. SO .... 1995 fvl\X/ Hereford Ranch .................. .:\E .... 1999 
Reuben & Connee Quinn .... 00 .... SD .... 1991 \Valter Jr. & Eviclean .Major ........ KY .... I 995 i\:Jossy Creek Farm .. 00 .................. \·A ..... 1999 
Dave & Sanely l Tmbargcr .. 00 ....... OR .. oo 1991 Delbert Ohnemus ....................... IA ..... 1995 Iris, BiJJ & Linda Lipscomb ........ AL .. 00. 1999 
James A. Thee· 'h .......................... TX .... 1991 Olafson Brothers .......... 00 ........... NO .... 1995 Amana Farms, Inc. ................... 00 IA oo ... 2000 
Ken Stielow ..... 00 .......................... KS ..... 1991 Henry Stone ................................ CA .... 1995 Tony Boothe .. 00 ........................... AL ..... 2000 
John E. Hanson. Jr ....... 00 ............. CA .... 1991 Joe Thielen .................................. KS ..... 1995 Glenn Clabaugh ........................ \\1 ..... 2000 
Charles & Clyde Henderson oo .... \10 .... 1991 Jack TurneiJ ................................ W·"'t:' .... 1995 Corrnic, John & Terri Griffith .... KS ..... 2000 
Russ Green ................................. WY .... 1991 Tom Woodard ............................. TX .... 1995 Frank B. Labato .......................... CO .... 2000 
Bollman Famb ...... 00 ............. 00 .... 00 IL ..... 1991 JetTy & Linda Bailey .................. ~D .... 1996 Roger & Sharon Lamont 
Craig Utesch.. .. .. 0000 00 00 ..... 00 ......... Lo\ ..... 1991 Kory ..\'1. Bierle ............................ SO .... 1996 & Doug & Shawn Lamont.. .. SO .... 2000 
Mark Barenth>~c·n .............. oo ....... N [) .... 1991 l\:Iavis Dununcrmuth ................... lA ..... 1996 Bill & Claudia Tucker ....... 00 ....... V\ .. 00. 2000 
Rary Boyd ........ 00 ...................... 00 AL. .. 00 1992 Terry Stuart forst .......... 00 ............ OK .... 1996 \\1~1yne & Chip Unsicker ............. IL .. oo. 2000 
Charles Daniel .00 ........................ rvlO .... 1992 Don \Xi. Freeman .......... 00 ............ AL. .... 1996 Billy I-I. Bolding .......................... AI. ..... 2001 
Jed Dillard ..... oo ........................... FL 00000 1992 Lois 8.: Frank Herh:-,t .............. 00 .. \'i/Y .... 1996 Mike & Tom Endress ................... IL ..... 2001 
John & Ingrid Fairheacl .............. NE .... 1992 1vl/Ivi George:\. Horkan, .Jr ........ VA ..... 1996 Henry & Hank Maxey ................ VA .. 00 • .200 1 

Dale J. Fischer .00 ............. 00.00 ..... 00 IA oooo· 1992 David Howard ............................. IL ..... 1996 Paul ,\kKic .................................. KS ..... 2001 
E. Allen Grimes Family ............. ND .... 1992 Virgil & !'vlary Jo Huseman ........ KS ..... 1996 3H Ranch/Heeve~ 
Kopp Family ............................... OR .... 1992 Q. S. Leonard ........................... oo. NC .... 1996 & Betsy Brown ...... 00 .............. CO .... 2002 
Harolcl/Barlxtr;t/jeff :VIarshall .... PA ..... 1992 Ken & Rosemary ..\'litchell ........ CAN ... 1996 Okla. Dept. of Corrections ........ OK .... 2002 
Clinton E .. :Vlartin & Sons ........... VA .. 00. 1992 Jame~ Sr(lerry/James Pt:'lik ........ SO .... 1996 Alpine Farms/Walter .\felson ..... VA ..... 2002 
Uoyd & Pat iVIild1ell .. oo ...... oo ..... CAN ... 1992 Ken Risler .............................. 00 .. 00 WI .... 1996 Amana Farms. Inc. ..................... [A ..... .2002 
William Van T;~ssel ................... CAN ... 1992 \·lerlin Anderson ......................... KS ..... 1997 Griffith Sccdstock/ 
James A. Theh·k ......................... TX .... 1992 Joe C. Bailey .. oo ... oo .. oo ....... oo ........ ND .... 1997 Griffith family ....................... KS ..... 2002 
Aquilla l'vl. \Vard ......................... \\"V .... 1992 William R. "Bill" Brockett .... oo .... w, ..... 1997 Indian Knoll Cattle Co./ 
Albert \Viggin-: ..................... 00 ..... KS ..... 1992 .... \rnic Hansen .... 00 ............. 00 .... 00000 SH .... 1997 Bliler Family ........................... IL ..... .2002 
Ron W'iltshire ............................ CAN ... 1992 Hcnv:ucl McAdams, Sr l'vliles Lind & Livestock Co./ 
Andy Bailey ............................... \\ry .... 1993 & Ilo-.;vard ~:lc.Adams, Jr. ....... NC .... 1997 Price Family 00 ..... 00 ............... 00 \X""''{ .... 2002 
Leroy Beitel.sp:tcher .................... SD .... 1993 Rob Orchard .. 00 .................... 00 .... \VY .... 1997 Shovel Dot Ranch 
Glenn Calbau~h ........................ \\l)' .... 1993 Bill Peters .................................... CA .... 1997 Buell Family .......................... :\E .... 2002 
Oscho Deal ................................. NC .... 1993 David Petty ........ 00 ....................... !A ..... 199'7 Torbert Emns. Ltd ...................... AL .. 00. 2002 
.Jed Dillard ................................... FL ..... 1993 Rosem~11y Rounds & Cr::tig & ~'largaret White ............. IA ..... 2002 
Art Farley .. 00 ........ 0000 ...................... IL ..... 1993 J\Iarc & Pam Scarborough .... SO .... 1997 Voyles Farms. Inc ....................... 1:'\ .. oo. 2002 
Jon Ferguson .............................. KS ..... 1993 !VIorey & Pat Van J-loecke ......... J'vl\f .... 1997 

101 



Cotnmercial Proclucer of tl1.e Year 

Chan Cooper ............................... lv!T .... 1972 AI S1nith ....................................... VA ..... 19H3 Fran & Beth Dobitz .................... SD .... 199·1 
Pat Wilson ................................... FL ..... 1973 Bob & Sharon Beck ................... OR .... 1984 Joe & Susan Thielen .................. KS ..... 1995 
Lloyd Nygard ............................. ND .... 1974 

Gene Gates ................................. KS ..... 1975 
Glenn Harvey ............................. OR .... 1985 
Charles Fariss .............................. VA ..... 1986 

Virgil & .\:1ary Jo Huseman ........ KS ..... 1996 
.\:terlin & Bonnie An

1

derson ....... KS ..... 1997 
Ron Blake .................................... OR .... 1976 Rodney G. Oliphant ................... KS ..... 1987 lbndy & Judy !\·lills .................... KS ..... 1998 

Steve & .\llary Garst .. .. .. .. ... .. ... .... IA ..... 1977 Gary Johnson .............................. KS ..... 19H8 J\'like & Priscilla Kasten ............. MO .... 1998 
Mose Tucker ............................... AL ..... 1978 Jerry Ad:11nson ............................ NE .... 1989 Giles Ranch ................................. KS ..... l999 
Bert Hawkins .............................. OR .... 1979 ~like & Diana Hopper ............... OR .... 1990 JY!ossy Creek Farm .. , ................... VA ..... 1999 

Jess Kilgore ................................. ~H .... 19HO Dave & Sandy Umbarger ........... OR .... 1991 Bill Tucker ................................... \A ..... 2000 

Hetll)' G:.trdincr .......................... KS ..... 1981 Kopp Family ............................... OR .... 1992 Maxey Fanns ........... 1 ................... TX .... 2001 

Sam Hands .................................. KS ..... 1982 Jon Ferguson .............................. KS ..... 1993 Griffith Seedstock ....................... KS ..... 2002 
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Griffith Seedstock Receives 2002 BIF 
Con11nercial Prodltcer of the Year Award 

Griffith Seedstock \vas named the lkcf Improvement Fed­
eration (BIF) Outstanding Commercial Producer of the )'ear 
at the organizarion·s 34th annual convention in Omaha, Neb., 
July 12, 2002. 

John and Terry Griffith and John's mother, Connie, are mvn­
ers of Griffith Seeclstock, \X/akeeney, Kan. The family has been 
raising beef cattle in north\vest Kansas since 1878 and takes 
great pride in producing a quality product for toclay's con­
sumers. The Griffiths place great emphasis on natural resource 
conservation and appreciate the unique ability of a co\V to 
convert lo\v-quality natural resources into a high-quality pro­
tein source for human consumption. 

Located in an area with average moisture of 22 inches per 
year, the diversified operation is evenly split between clrylancl 
cultivation and native rangeland. The diversification allows 
the cow herd to dovetail \Vith the farming operation. Crop 
residue and feedstuffs produced on the farm ;.tre used for 
maintaining the cow herd and hackgrounding feeder calves. 
An extensive rot;1tional gr<lZing system, which incorporates 
alternative ,,·~uer sources, allmvs optimum use of the native 
grass. 
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The Griffiths annually calve about 250 Angus and high­

percentage commercial Red Angus cows, \Vith heifers calving 
in 30 clays and cows in c!")-50 days. Artificial insemination (AI> 

is used ex1:ensively on all cows and heifers. Replacement heifers 
arc retained from the operation. and steers <Ire hackgrounded 
at the ranch, then fed to finish at commercial feedlots and 
sold on quality-based grids to capture premiums for improve­
ments made in carcass quality. 

Through detailed recordkeeping ;md stringent culling pres­
sure. the Griffiths have developed an efficient, perfonnance­
based commercial cmv herd. Several marketing options are 
implemented to maximize profit when selling cattle. Heifers 
not retained for the herd are sold as replacements to other 
commercial producers; cows not meeting retention criteria 
are sold as pairs at specific times of the year. A select group 
of performance bulls arc sold annually. 

In addition to their commitmem to producing high-quality 
beef, the Griffiths are active in industry organizations, their 
community and church. 



2003 BIF Conunercial Prodt1cer Award Notninees 

Clear Creek Cattle Company 
Robe11, Leslie . .f. \E mu/Jarrod Henchy. Hi)·oming 

\\-'illiam "Scotty" !· Ienclry, \Vho emigrated from Scotland in 
1906, started the ranch in 1912. The ranch he~1dquarters is 15 
miles nonh and cast of Lost Cabin. \\.'yoming, \vhich is 75 
miles \Vest of Casper, Wyoming. Around 1946, James D. 
Hendry, youngest son of Scotty Hendry. assumed the man­
agement of the ranch. Together. they acquired land and 
changed from shL·ep to cattle. In the early 19HO's Hobert took 
over rhe day to clay management of the ranch and he and his 
Father expanded the ranch and staned changing the types of 
cattle. Today, the ranch covers over 150,000 acres of deeded, 
as \vell as BLM. State and private leases. The 2600 coV\rs th:u 
are run tod~1y are Angus and Angus cross (black and black 
white face) bred to 100% Charobis hulls. \XTc sell all the calves 
and buy replacement bred heifers each year. 421 bred heifers 
are calved day and night at the ranch and the running age 
cows are calved our in pastures of 2000 acres up to 9000 
acres. The heifers start calving the first of February and the 
older cows begin around the first of .March. \\'e winter the 
cows on grass hay. some alfalfa and ear corn up and down 
Bad\vater Creek. 

Crider Salers 
.foe and Sbaron. Mike and Donita Cride1: No11b nakuta 

\\1e are a family operation located in north central :\orrh 
Dakota near the small tmvn of Donnybrook. Joe and Sharon 
started farming and r;mching in 1965 . .\:like, having grmvn up 
\Vith the cattle, brought his wife, Don ira, into the opermion in 
1990. f\ovv both of their children, Clinton, I J. and Cdeen, R, 
are very interested in the cattle business. Clinton is starring 
his third year of showing calved in our local 4-I-I club and 
Caleen \Vill he starting her first year. 

\Ve fam1 2000 acres on which we grow \vhcat, harley, oars. 
cmola and alfalfa. \X'e have 3500 acres of native paslllre on 
vvhich wc run approximately 300 Saler cross cmvs. \Ve start 
c:llving around ~larch 1st. 

\Ve purchased our first Saler bulls in 19H2 and used them 
on Polled Hereford <111d Angus cows. \X.'e not only increased 
weaning weights hut recognized immediately other economic 
advantages of Salcr cattle. They calved ''.rith no trouble and 
the newborns got up off the frozen North Dakota ground 
long before our other calves did. The Saler female is what has 
really kept us in business. They milk good, they are excellem 
mothers, have more live calves and more pounds weaned per 
calf. Through the years we continued using registered Saler 
bulls and keeping replacement heifers h~lsl.'d on the perfor­
mance records of their mothers. Today the herd is completely 
Saler intluencecl. 
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\Ve maintain good records on all of our cattle. Every calf 
gets an iclemification number which allows us to zero in on 
which genetics work and \Vhich genetics don't, as we run just 
one hull per pasture. This allmvs us to precisely evaluate 
each hull on just ahom every economically important trait 
from birth weight, \Veaning weight, feecll0r performance, health 
~md carcass quality. 

Mike Goldwasser, Virginia 

A cornerstone of our operation has been retained owner­
ship of the calf crop through harvest. This practice has enabled 
our operation to realize the full benefits or superior manage­
ment <mel genetics. The cow herd consists cJ Continental 
(Gelhvieh, Simmental, Charobis) x Angu,lo;; cross CO\Vs. Sire se­
lection plan:s heavy emphasis on c.trcast merit. .\·lostly Angus 
bulls have been used in recent years, with all sires ranking in 
the top 1/3 of their breed for yearling gro~th and all have been 
positive for marbling and riheye aret. Selection pressure for 
yearling grm .. vth has equated to improved feed efficiency and 
fe\ver clays on feed for the calf crop. The target perfonn~mce is 
a calf crop that grade 8()0/c, Choice whil~ maintaining or im­
proving rare and efficiency of grm:vth. Genetic progress has 
seen an increase in finished live \Veighrs' by 10(1 pounds with 
less than a 2o/ri increase in YG -1 "s. Close monitoring of genetic 
lines for carcass quality, and the use of systematic crossbreed­
ing have been important aspects or achieving these goals. 

Due to L'Xtensive history of carcass data and feeclyard infor­
mation. along with a desire to add further value to our cattle, I 
organized a pa11nership with four other like-minded c~Htlemen 
to create Blue Ridge Premium Bed. Blue Ridge Premium Beef. 
LLC markets a high quaLity, branded heefproduct and all ctltle 
are bred, fed, and processed in Virgini~t. The branded beef 
product has been marketed direct and to retailers and restau­
rants since April, 2002. All cattlt: in the program are source­
verified and feel without gro\\1h implants, carcasses tendercut 
and aged 21 days, and sold frozen in a cryovac package. 

I have been practicing rotational and intensive grazing as 
well as positive conservation practices for more ::han 15 ye:trs. 
One or our greatest assets is the valut' of the superior forage 
available here in Southv,rest Virginia. Cool season grasses arc 
utilized extensively· in rhe rotation. along \Vidl stockpiling fes­
cue. Carrying Capacity records along with the number of feL·cl­
ing vs. grazing days and records on grass yield and rest peri­
ods between grazing rotations are used to adjust and make 
improvemenL~. Grazing management is ~t key component to 
the approximately 500 stocker calves developed each year. 
Multipk paddocks are valuable for herd health during times 
of purchasing stockers~ as they aile >\V s:maller groups to he 
isolated and monitored. 



Patterson Ranch 
Bob Patterson Colorado 

Patterson ~~~1nch is a cow/calf operation owned and oper­
ated by Bob Patterson and his wife, Bunny. TI1ey have three 
married children who \Vere r:lisecl on the ranch and they now 
enjoy sLx gr~tndchilclren. Bob is a third generation rancher 
and has been involved in his career since the age of six. He 
began Paller~"n Ranch 35 years ago with 50 head of Angus 
cows. He now runs approximately 500 head of Angus-cross 
cattle on 13,Cl00 acres on l\Iesa de lvlaya in Southeastern Colo­
rado, which i' 12 miles southwest of Kim. 

.\.fesa de (.l~lFl is a unique blending of mountains and 
plains. It combines short prairie grass \virh high mesa bncl­
scapes. Bob uses a summer-winter rotational grazing plan 
and a spring t:alving season which allow for the best use of 
the high mes;1 pastures in the summer. The cattle are brought 
to lo\ver pastures for care and feeding during the cold win­
ter season. The ranch has excellent wildlife habitH and many 
species, including deer. elk, antelope, bear, and wild turkey 
share the re...,uurces. 

Two of tl1L' Patterson children own adjoining ranches and 
all, including the children, \VOrk together to make it <1 family 
operation. 

Bob is committed to the land and the cattle industry. He 
believes in producing quality caulc '>vhilc maintaining the in­
tegrity of the land. water, and \vildlife habitat for generations 
to come. 

W.S. Roberts and Sons 
Jeny, Ran(~l' and Rick Roherts. Jndimw 

The \'V.S. l~obens and Sons f:1nning operation is I( JGttecl in 
Southeast Lawrence County (site of the family's home t~m11 
and has been in rhe operation for 67 years) and in Northwest 
\Xrashington County (location of the Roberts' homes and has 
been in the operation for 4H years). The Roberts mvn 15-1·1 
acres and I't'nt 600 acres, that are utilized to produce corn, 
soybeans, timber, and 600 ;1o-es of pasture and hay. There are 
280 spring ctlving cows and 60 bll calving cows. 

The cowherd consists of primarily Angus or Simmental 
based CO\Vs ~mel crosses of those breeds. Performance testt:d 
Angus and ~immental bulls have been obtained directly from 
seedstock producers and hull test stations. Recently, compos­
ite bulls of those two breeds have been utilized to maintain 
breed comp( 1sition. 

In aclditi()n to the commercial cow-calf and grain opera­
Lion (corn, .'-()ybeans and \Vheat), .TL'ny Rohet1s also is a set:d 
dealer for Carst Seed Company. The family has been involved 
in seed production and sales since the early 1950's. 

Shriver Farms 
W£1yne Sbrh•e1~ Obio 

\Vayne Shriver, his \Vife Krista, their two sons Ethan and 
Heath, along with \\layne's mother and father. ~brtha and 
Dc~m reside on their southeastern Ohio farm. Wayne and his 
family mvn and operate Shriver Farms where they raise -'!00 
commerci:tl beef cows and 400 commercial ewes. 

\X1ayne is also the manager of the Eastern Ohio Resource 
and Development Ct:nter (EORDC) where he oversees the 
center's daily operations that includes 400 plus mamre cows, 
two bull development facilities, heifer grmving and develop­
ment. and 100 ewes that are utilized in research conducted by 
The Ohio State University. Included on the 2,100 acres at EORDC 
is the Ohio Bull Test. where Shriver vvas the herdsman for sLx 
years piior to becoming the overall t~m11 manager. 

The home cowherd started from a Hereford base that has 
now been bred to Angus, both Black and Red, and a little bit 
of Simmental. An Fstrous synchronization program is used 
prior to breeding and elCh animal is serviced at least one 
time artifici~dly at the start of the breeding season. Bull selec­
tion is based upon FPDs with a focus on calving ease. hirrh 
weight, yearling weight, and carc::1ss traits. 

The cows are expected to transform tl1e grasses and le­
gumes on the farm into pounds of production. Cows live on 
grass and hay, and are provided a good supplemt:nral min­
eral mLx. Stock-piled fescue provides the winter-feed source. 

\\1ayne lias served on thL· Ohio Cattlemen's Association 
board of directors. 

Stroud Farms 
1.f(·sl~v D. (//ld il.felb(t Stroud. Alabama 

:"-!estled in the rolling hills of eastern Limestone County. 
Alabama, the Stroud operation consists of approximately '750 
acres of owned and leased land where the family has been 
raising beef caule for over 4H years. The opt·ration currently 
supports about 200 brood cows and replacement heifers con­
sisting of Black Angus, Red Angus and Saler genetics. The 
average cow at Stroud Farms is a 50'}1J English. 50~·(• continen­
tal covv produced in a back cross .system ~vith the black and 
red Angus hulls being used interchangeably in the system. 
Cows are maintained on several types of forages adapted [0 

no11h Alabama. Cattle are rotated between pastures frequently 
to optimiZL' forage use. Since 1993, the Stroud herd has con­
tinually expanded with weaning performance remaining steady 
to slighrly increasing. Along with the cow/calf pairs and re­
placement hdfers, Stroud Farms routinely backgrounds calves 
befort: they are sem to mid-\\/estern feedlots. Stroud Farms 
retains mvnership on all steer calves and non-repbcemem 
females. This has allmved Stroud Farms to rt:alize a -)()'}b in­

crease in net price/calf over traditional markets. Replacement 
heifer dem~tncl and nel price has also increased with the car­
cass data hank. 111ert: are many creek bonoms and natural 
riparian areas on Stroud Farms land. The land is managed to 
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minimize erosion, maximize benefit to wildlife and ensure a 
stable consistent stand of forages on all areas of the farm. The 
Stroud operation is a family operation. The daily operation of 
the farm is done by \\iesley Stroud. his \vife .Melba, his son 
\\les and his grandson, Samuel. 

Tailgate Ranch Company 
Paul JfcKie, Kansas 

Tailgate Ranch is a commercial cow-calf operation consist­
ing of about 1,500 :1cres of cool-season grass and legume 
pastures, 390 acres of brome hay meadows, and 60 acres of 
alfalfa. Tailgate was formed in 1962 hy P~1ul McKie and gre\v 
into its present state. The ranch is located at Tonganoxie, KS. 
about 30 minutes west of Kansas City. \'\-'e currently nm about 
280 females (including 80 replacemenr heifers) in our spring 
calving herd and 120 cows in the fall calving herd. Our main 
focus over the last seven years has been developing and breed-

ing high quality replacement females following a strict culling 
regime in order to build a superior ma'ternal cmvhercl. Feed­
lot and carcass data have been collected to help improve feed 
efficiency and product quality. 

Bred heifers begin calving Febn.1~Ll)' 10. and are through in 
45 clays. Heifers are estrus synchronized and artificially in­
seminated CAl) one time, then cleaned up by proven, easy 
calving Angus/Red Angus bulls. Spring cmvs, consisting mostly 
of Red Angus or Angus crossbreds, begin calving March 1 
and are through by April 15. Calves are pre-wean v:Iccinared, 
then weaned September 20 and put on gro\Ving ration and 
pasture until steers are either sold or senr to a feedlot. Heifers 
continue developing on pasture for the A.l breeding program. 
Fall calving cows, mostly straight Angus, begin September 1 
and finish by October 15. Fall calves are generally creep fed 
60-80 days, weaned at 150 days of age, preconditioned and 
sold as grass carrie. Angus, Red Angus, and Red Angus x Sim­
mental bulls are used on the spring herd wilh Angus, Red 
Angus and Braunvieh bulls used on fall cows. 
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Ambassador A\\rard Recipients 

\Varren Kester .......................... 13eef Magazine .................................... iv!I\ ...... 1986 
Chester Peterson ..................... Simmental Shield ................................ KS ....... 1987 
Freel Knop ............................... Drovers Journal .................................. KS ....... 1988 
Forrest Bassford ...................... \Xlestern Livestock .Journal ................. CO ....... 1989 
Robert C. DeBaca ................... The Ideal Beef J'viemo ......................... lA ........ 1990 
Dick Crow ................................ \Xrestern Livestock Journal ................. CO ....... 1991 
). T. ~Johnny" Jenkins ............. Livestock Breeder Journ:tl ................. G.A. ....... 1993 
Hayes Walker. III ..................... America's BL·ef Cmleman .................. KS ....... 199"1 
'\ita Effertz ............................... Beef Today ........................................... I D ....... 1995 
Ed Bible ................................... Hereford World .................................. MO ...... 1996 
Bill !\-tiller ................................. Beef Today .......................................... KS ....... 1997 
Keith Evans .............................. American Angus Association ............. .VJO ...... 1998 
Shauna Rose I-krmel .............. Angus .Jourr.al & Beef M:tgazine ...... :.·10 ...... 1999 
Wes Ishmael ............................ Clear Point CommuniGltions ............ TX ....... 2000 
Greg Hendersen ...................... Drovers ................................................ KS ....... 2001 
.Joe l{oybal ............................... Beef ;\'!agazine .................................... JVI\f ...... 2002 
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2002 BIF Beef Ambassador Award. 

Roybal Named BIF Ambassador 
Joe Roybal, editor of BEEF magazine was named the 2002 

Ambassador by the Beef Improvement Federation (UIF) )ulv 
12 in Omaha. The prestigious honor is given to a memb~r ~f 
the media each year for their efforts in helping cattle produc­
ers understand cattle performance testing and genetic predic­
tion tools. 

Roybal, considered an .. editor's editor" among his peers, is 

an award \Vinning livestock writer and phorographer who 
became the second editor BEEF magazine has ever had in 

1993; he'd already been patt of the magazine's editorial and 
management team since 1985. Prior to t~at the South Dakotl 
Native was editor of Feedlot Magazine, managing c::clitor of 
Dairy Herd Management, and a bureau nc::\VS \Vriter. 

Along with his journalistic achievements, Roybal also has 
a long list of industry leadership under his belt. Currently, he 
serves as second vice-president of the Livestock Publications 
Council and is the incoming chairman of the Agricultural Pub­
lications Sunm1it. 
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Pioneer Award Recipients 

Jay L. Lush .................................. l:\ ..... 1973 L. A. ~·Ioddox .............................. TX .... 19H1 Bill lkmor ................................... CA .... 1992 
John H. Knox ............................ :'IL\-1 .... 197·1 Charles Pratt ................................ OK .... 1981 Walter Rowden ........................... AR .... 1992 
Ray Woodward .......................... ABS ... 197-i Otha Grimes ............................... OK .... 1981 James W. KPete" Patterson ........ ND .... 1993 
Fred \X1ilsnn ................................. !\'IT .... 197'1 !\'Jr. & lvlrs. Percy Powers ........... TX .... l9H2 H~tycs Gregory ............................ NC .... 1993 
Charles E. Bell. Jr. .................... USDA .. 197'1 Gordon Dickerson ..................... 1\E .... 1982 james D. Bennett ....................... \~'\. ..... 1993 
Reuben Albaugh ......................... CA .... 1974 Jim Elings .................................... CA .... 1983 O'Dell G. Daniel ......................... GA .... 1993 
Paul Pattcngak ........................... CO .... 197Lt Jim Sanders ................................. I\'V .... 19H3 :\t K. ··curly" Cook .................... GA .... 1993 
Glenn Butts ................................ PRT ... 197"> Ben KL·ltle ................................... CO .... 1983 Dixon Hubbard ....................... USDA .. 1993 
Keith Gregory .......................... l\-1:\RC .. 197") Carroll 0. Schoonover .............. wry .... 1983 Richard Willham ......................... IA ..... 1993 
Braford Kmpp. Jr .................... USDA .. 197) \\'. Dean Frischknecht ................ OR .... 19R3 Dr. Raben C. DeBaca ................ IA ..... 1994 
Forrest Bassford ......................... \X'IJ ... 1976 Bill Graham ................................. GA .... l9R•i Tom Chrystc.tl ............................... LA. ..... 1994 
Doyle Chamber..; ......................... LA ..... 1976 Max 1-Ltmmond ........................... FL ..... 19H•i Roy A. \\,.allace ........................... OH .... 1994 
Mrs. \\'~ddo Enwrson Forbes .... \VY .... 1976 Thomas .J. !\hrlo\\'c .................... \:-\ ..... 19H4 J<um:s S. Brinks ........................... CO .... 1995 
C. Cunis .\hst .............................. VA ..... 1976 l\.Iick Crandell .............................. SD .... 1985 Rohen E. Taylor ......................... CO .... 1995 
Dr. H. H. Ston.tker ..................... CO .... 1977 .\'lei Kirkiede .............................. ND .... 1985 A. 1 .. "Ike" Eller ........................... \·~A. ..... 1996 
Ralph Bogart ............................... OR .... 1977 Charles ({. Henderson ................ :'-JY .... 19H6 Glynn Debter .............................. AL ..... 1996 
Henry Holsman .......................... SD .... 1977 Everell J. Warwick ................... USDA .. 1986 Larry V. Cundiff .......................... NE .... 1997 
.\!arvin Koger .............................. FL ..... 1977 Glenn ButTows .......................... NM .... 1987 Henry Gardiner .......................... KS ..... 1997 
John Lasley ................................ FL ..... 1977 Carlton Corbin ............................ OK .... 1987 Jim Leachman ............................. !\IT .... 199' 
W. L. :vlcCllrmick ........................ GA .... 1977 Murray Corbin ............................ OK .... 1987 John Crouch ............................... l'vlO .... 1998 
Paul Orcutt ................................. MT .... 1977 ,\'lax Deets ................................... KS ..... 1987 Boh Dickinson ............................ KS ..... 1998 
J. P. Smith ................................... Plfl' ... 1977 George F. & :\·!attic Elli~ ............ :'-JM .... 1988 Douglas \bcKenzic Fraser ........ AB .... 1998 
James B. Lingk' ......................... WYE ... 197H A. F. "Frankie" Flinr ................... NM .... 1988 Joseph Graham ........................... \·:-\ ..... 1999 
R. Henry .\'htthiessen .................. VA ..... 197H Christian A. Dinklc ..................... SD .... 19H8 John Pollak ................................. :'\\" .... 1999 
Bob Priodc ................................. \~.'\ ..... 1978 Roy Beeby ................................... OK .... 1989 Richard Quaas ............................ :r'rY .... 1999 
Roben Koch ............................ MARC .. 1979 Will Butts ..................................... T)I .... 19H9 Rohett R. Schalles ....................... KS ..... 2000 
,\'Jr. &. r..·lrs. Carl Rouhicck .......... AZ .... 1979 john \V. tvlassey ......................... MO .... 1989 J. David 1\icho Is .......................... L•\ ..... 2000 
Joseph J. Uric!.: ......................... l JSDA .. 1979 Donn & Sylvi~l .\litchdl ............ CAN ... 1990 Harlan Ritchie ............................. MI ..... :woo 
Bryon L. Southwell ..................... GA .... 19HO Hoon Song ................................ CAN ... 1990 Larry Bcnyshek ........................... GA .... 2001 
Richard T. "Sc:nty·· Clark ........ USDA .. 1980 Jim \X'ilton ................................ CA..l'\ ... 1990 Minnie Lou Bradley .................... TX .... 2001 
F. R. "Ferry·· Carpenter ............... CO .... 1981 Bill Long ...................................... TX .... 1991 Tom Cartwright ........................... TX .... 2001 
Clyde Reed ................................. OK .... 198.1 Bill Turner ................................... TX .... 1991 I-1.11. "Hop" Dickenson ............. l\·10 .... 2002 
Milton Engbnd ........................... TX .... 1981 Frank Baker ................................ AR .... 1992 !\·Iattin & Mary Jorgensen .......... SO .... 2002 

Ron Baker ................................... OR .... 1992 L. Dale Van Vleck ....................... NE .... 2002 
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2002 BIF Pioneer Awards 

H.H. "Hop" Dickenson 
Receives BIF Pioneer Award 

The Beef Improvemenr Federation (l3IF) honored H.I-I. 
"Hop'' Dickenson with the Pioneer Award at the the 
organization's 34th annual convention July 12, 2002, in Omaha, 
Neb. The 3\Varcl recognizes individuals \Vho have made sig­
nificant and lasting contributions to the genetic improvement 
of beef cattle. 

Dickenson served 23 years ( 1 9711-1997) as executive vice 
pres idem and secretary of the American Hereford Association 
(AHA). He first joined the AHA in 1960 and served as the 
southeast representative of the American Hereford Journal. 
His tenure at AHA has included several positions, including 
area representative of AH..i\. 0963-1968), general manager of 
the American Hereford Journal <1968-1 070), director of mar­
keting development and general manager of the American 
Hereford Journal 0970-1974). 

Prior to joining AHA, Hop served as an Extension special­
ist with Virginia Tech University's animal husbandry depart­
ment from 1959 to 1962; in the U.S. Army from 1957 to 1958; 
as secretary of the North Carol ina Hereford Association in 
1956 and as a fieldman for the Virginia Hereford Association 
in 1955. Dickenson \Vas born in Lebanon. Va .. and earned a 
bachelor's degree in animal science from Virginia Tech in 1955. 

Dickenson has served the beef industty in many capacities 
including: president, U.S. Beef Breeds Council: president, 
.t\ational Society of Livestock Record Associations; director . 
:\'ational Agriculture Hall of Fame; dirt:ctor, American Royal 
Livestock Show; director, Kans~ts City Agribusiness Council; 
director, I'\ational Livestock and .Meat Board; member U.S. 
Agriculture Technical Advisory Committee; member, ~ational 
\Vestt:rn Stock Show; and advisor, \Vorld Hereford Council. 

Throughout his career. Dickenson demonstrated unusual 
vision and leadership in implementing, conducting and edu­
cating customers on use of beef cattle genetic improvement 
programs. He played a significant role in initiating the Culpeper 
Bull Testing program \Vhile serving as an Extension spt:cialist 
at Virginia Tech. Many significant program changes and im­
provements were made in AHA's Total Performance Record­
ing Program while Dickenson \Vas at tht: helm. Under his 
leadership, TPR grew to become the focal point and basis of 
genetic improvement in the Hereford breed. 

He \Vas ~~ strong supporter of BIF, atrending, speaking and 
actively participating in many annual meetings and \vorkshops. 
At the 1983 annual meeting he said, "I think Sire Evaluation is 
the most important development in the history of the beef 
catrle industry." Shortly after the first Genetic Prediction \X:'ork­
shop at \X'inrock International, in December 1983, AHA was 
one of the first organizations to shift to the use of reduced 

animal model methodology, a step that significantly increased 
accuracy of genetic prediction and effectiveness of selection 
in breed improvement programs. 

Martin and Mary Jorgensen Receive Beef 
Improvement Federation Pioneer Award 

Omaha, :\"ebraska -The Beef Improvement Federation (BIF) 
honored ~·Iartin and :-..1ary Jorgensen, Ideal, South Dakota, \vith 
the Pioneer Award at the 34th Annual Ivtecting and Research 
Symposium on July 12, 2002, in Omaha. Nebraska. The pur­
pose of this a\varcl is to recognize incliviclu:als who have made 
lasting contributions to the improvement of beef cattle. 

!vlartin and l'vlary live on d1e farm that his family home­
steaded in 1909 near Ideal, South Dakota. l\·1at1in and ~~lary 
have four children: Judy, Mary Jean, G1!eg. and Bryan. Greg 
and Bryan are actively involved \Vith ~-lattin in the operation 
and management of Jorgensen Land and Catrle. This is a dy­
namic and productive operation that includes commercial and 
seedstock beef production, commercial swine production, and 
numerous row crops. 

The Jorgensens are tndy pioneers in' the development of 
innovative management practices and the implementation of 
new technologies. They \Vere one of th<l first to embrace the 
concepts of integrated resource managemenr (IJ~1). and Mar­
tin senred as the first Chairman of the ~ational IIUvl Coordi­
nating Committee during the early 1990'$. From its inception, 
Jorgensen Land and Cattle has been operated as a \\•hole, 
with each enterprise contribming synergistic.dly to the suc­
cess of the entire bnn. tvlartin was an original member of the 
South Dakota Livestock and Production Record~ System. Pro­
duction and performance records have provided the founda­
tion for the development of the famous J(>rgcnsen Angus herd 
as well as all of their other enterprises. l'vlartin has been in­
volved with BIF since its inception in 19<18, and he served as 
President of the BIF Board from 1976-78. 
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.Mattin and Mary have given unselfishly to public service 
activities associated with improving agriculture ~tnd rural life. 
They have senred on numerous local, state, and national boards 
and committees. They have been instrumental in the con­
struction of numerous community buildings and in helping to 
bring rural water to their community. IvLtrtin w ts appointed 
to, and served on the South Dakota Board of Economic De­
velopment for nine years. He also sef\1cd as a speaker in 
several of the Agri-Service Foundation Stockmen Schools. in­
cluding a trip to Russia and the Ukraine in 1993. 

l\·lartin Jorgensen has received many honors and recogni­
tions. These include the Eminent Farmer of South Dakota 
Award from South Dakota State Cniversity, 1he National 
Canlemen's Beef Association Businesstmu1 of the Year A\vard, 

II 



and the South Dakota :\.faster Pork Producer A\vard. He \vas 
inducted into the Angus Herilage Foundation of the Ameiican 
Angus Association in 1990, and Martin was chosen as an hon­
orary member of the Rosebud Sioux Tribe in 1995. 

BIF is pleased and honored to recognize the many contri­
butions of Nbrtin and Mary Jorgensen by presenting them 
with the BIF Pioneer Award. 

L. Dale Van Vleck Receives 
BIF Pion.eer Award 

The Beef Improvement Federation (J3IF) honored L. Dale 
Van Vleck ·with the Pioneer Award at the organization's 3~th 
annual convention July 12, 2002, in Ornaha, Neb. The award 
recognizes individuaLs \Vho have made significant and lasting 
contributions to the genetic improvement of beef cattle. 

Van Vleck \vas born June 11, 1933. His parents farmed 
near Clearwater, .:'\reb., at the edge of the Nebraska sanclhills. 
He earned his bachdor's degree with high distinction in tech­
nical science of agriculture a master's degree in genetics at 
the Cniversity of !'\ehraska in 1954 and 1955, respectively. 
After serving in the U.S. Army Chemical Corps from 1955-
1957, he reet·ived his doctoral degree from Cornell Univer­
sity. He then joined the faculty at Cornell as research geneti­
cist 0959), assistant (1962), associate 0967) and then full 
professor 09'3). 

Van Vleck concentrated on applications to dairy c1Ule im­
provement programs. In 1988, he retired as emeritus profes­
sor and mm'ed to the C.S. Meat Animal Research Center 
(~1ARC) as a research geneticist with appointment as profes­
sor at the University of T\ebraska. He has been located on 
campus at the University of !'\ebraska, -vvhere he directs ac­
tivities of many graduate students, most of whom conduct 
research in cooperation with IvL-\RC scientists. 
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Van Vleck has emphasized accurate measurements of ge­
netic variation in performance traits and their effective use in 

selecting for desired genetic changes in all species of live­
stock. He and his students developed what is the prototype 
for genetic evaluations with the animal model utilizing all 
relaLionships among animals and accounting for prior genetic 
selection, which has been implemented in dairy cattle in the 
U.S., Canada, and many other countries since 1989. He then 
showed how to extend the procedure to both direct and ma­
ternal genetic effects for beef cattle evaluations. 

Since joining ARS in 1988, Van Vleck and post -doctoral 
:.~ssociares developed a statistical research that reduced com­
puting time by a factor of 200 to 600. Their software, with its 
accompanying manual, \vas released in 1993 and is now be­
il1g used on a wide range of computers by more d1an 170 
scientists around the world. Each year he conducts analyses 
to estimate factors that can be used to estimate across-breed 
expected progeny differences in beef cattle. Van Vleck has 
been very active in BIF's Genetic Prediction Committee and 
has played a key role in revision of the last three editions of 
BIF Guidelines for Cniform Improvemem of Beef Cattle. 

l-Ie is author of the classic text, Selection Index and Intro­
duction to Mixed .Models, and co-author of Genetics for the 
Animal Sciences, Principles of Dairy Science and The Horse. 
Dale has taught in 13 different undergraduate and graduate 
courses and in numerous shottcourses and workshops. He 
has directed 35 doctoral students and 28 master's students, 
setved on 65 other graduate conunitlees, directed 18 under­
graduate honors theses, and worked with 30 visiting fellows. 
He is firsl author of some 137 scientific publications, joint 
author of 210 others and author or joint author of si.x books. 
seven book chapters, 143 published abstracts of reports at 
scientific meetings, as well as some 142 interpretive anicles. 



Contintiing Service Award Recipients 

Clarence Burch ........................... OK .... 1972 James Bennett ............................. VA ..... 1984 Dr. Doyle \Vilson ........................ lA ..... 199·! 
F. 1{. Carpenter ............................ CO .... 1973 !vi. K. Cook .................................. GA .... 198-i Paul Bennett ............................... VA ..... 1995 
E. J. Wanvick .............................. DC .... 1973 Craig Ludwig .............................. MO .... 198-i Pat Goggins ............ J... ................. .\'IT .... 1995 
Robert DeBaca ............................ IA ..... 1973 Jim Glenn ................................... IBLo\ ... 1985 Brian Pogue .............................. CAN ... 1995 
Frank H. Baker ........................... OK .... 1974 Dick Spader ............................... :\10 .... 1985 Harlan D. Ritchie ........................ ~II ..... 1996 
D. D. Bennett ............................. OR .... 197'-i Roy Wallace ............................... OH .... 198'5 Doug L. HL~on ....... , ................... \VY .... 1996 
Richard Willham ......................... lA ..... 1974 
Larry V. Cundiff .......................... NE .... 1975 

Larry Benyshek ........................... GA .... 1986 
Ken \'\1• Ellis ................................ CA .... 1986 

Glenn Brinkman ......................... TX .... 1997 
Russell Danielson .. !. .................. ND .... 1997 

Dixon D. Hubbard ..................... DC .... 1975 Earl Peterson ............................... MT .... 1986 Gene Rouse ........... , .................... lA ..... 1997 
J. David :'\ichols .......................... lA ..... 1975 Bill Borror ................................... CA .... 1987 Keith Bertrand ............................ GA .... 1998 
A. L. Eller, Jr ................................ VA ..... 1976 Daryl Srrohhehn ......................... IA ..... 1987 Richard Gilbert ...... ; .................... TX .... 1998 
Ray 1\leyer ................................... SD .... 1976 Jim Gibb ..................................... MO .... 1987 Burke Healey .............................. OK .... 1998 
Don Vaniman .............................. MT .... 1977 Bruce Howard .......................... CAN ... 1988 Bruce Golden ........ ; .................... CO .... 1999 
Lloyd Schmitt .............................. MT .... 1977 Roger McCr~nv ............................ NC .... 1989 John Hough ........... !... ................. GA .... 1999 
.\'Iattin Jorgensen ........................ SD .... 1978 Robert Dickinson ........................ KS ..... 1990 Gary Johnson .............................. KS ..... 1999 
James S. Brinks ........................... CO .... 1978 John Crouch ............................... j\10 .... 1991 Norman Vinci! ............................. VA ..... 1999 
Paul D .. Miller .............................. \X''J .... 1978 Jack Chase .................................. W'l' .... 1992 Ron Bolze ..................................... KS ..... 2000 
C. K. Allen .................................. iVIO .... 1979 Leonard \\'ulf" ............................. .\-1:..1 .... 1992 Jed Dillard ............... !.. .................. FL ..... 2000 
W'illiam Durfey ........................ r\AAB .. 1979 Henry W. \\iebster ...................... SC ..... 199.3 \Villiam Altenburg ....................... CO .... 2001 
Glenn Butts ................................ PRJ .... 1980 Robert McGuire .......................... AL. .... 1993 Ken£ Andersen ............................ CO .... 2001 
Jim Gosey .................................... NE .... 1980 Charles .\kPcake ........................ GA .... 1993 Don Boggs ................................... SD .... 2001 
.\'lark Keffeler .............................. SO .... 1981 Bruce E. Cunningham ................ MT .... 1994 S.R. Evans ............... r ................. MS .... 2002 
J. D . .\Lmkin ................................ 10 ..... 1982 
An Linton .................................... MT .... 1983 

Loren .Jackson ............................. TX .... 199"1 
Marvin D. Nichols ...................... Lo\. ..... 1994 

Galen Fink ................................... KS ..... 2002 
Bill 1-Iohenboken .... 

1 

.................... VA ..... 2002 
Steve Radakovich ....................... lA ..... 1994 
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2002 BIF Contint1ing Service Awards 

S.R. Evans Jr. Receives 
BIF Continuing Service Award 

The Beef Improvement Federation (BIF) honored S.R. Evans 
Jr .. Greenwood, 1\:Jiss .. with its Continuing Service Av,'ard at 
d1e organization's 34th annual meeting_luly 12, 2002, in Omaha, 
:\eb. 

Evans graduated from !'viississippi State University with a 
degree in chemical engineering in 1960. He then received his 
master's degree from the Cniversity of rviississippi rvledical 
School and trained in general surgery and gynecologic sur­
gery during the next six years in rvicmphis and Ne\v York 
before returning to his hometown to open his pr~1ctice in 
1972. In his free time he joined his father in the t~mn and 
cattle operation and expanded the purebred Angus program. 

He sef\·cd as president of the Mississippi Angus Associa­
tion, as vvell as serving as the association's longtime secre­
tary-tn:asurl·r. Evans began attending BIF almost 20 years ago, 
after taking an active interest in thl' M.ississippi Beef Cattle 
Improvement Association (BCIA). He has sen·ed on the hoard 
for six years. He receivl'd the Purebred Producer of the Year 
a\vard from rhe Ivlississippi Cattlemen's Association in 2001. 

The ranch consists of approximately 1:550 acres of gently 
rolling hills ~mel fertik creek bonoms. Pastures consist of im­
proved bermuda, Pensacola b:thia and native grasses. The 
land is fencL·d into 20-30 acre plots in order to facilitate the 
intensive gr~lling program. The covv herd is made up of about 
500 hroocl cows, mostly purebred Angus, with a few com­
mercial cmY ..... They are split into nvo calving seasons, the fall 
se~1son being September to October, ~mel the spring season 
being Febru~uy to r-.brch. These cmvs are run on grass in the 
same fashion as commercial customers. At weaning, all calves 
are retained and run on grass as stockers. with a minimum of 
supplement:d feed provided to maintain a moderate rate of 
growth. All hulls panicipate in a grass-based performance 
test. All heifer calves are retained and given a chance to be­
come a brood cow. Any calves culled are fed vvith Evans 
Angus retaining ownership until slaughter. 

The breeding program begins 'vith an extensive embryo 
and artificial insemination CAD program, and then the farm's 
bulls are us~..·d as herd hulls. The program is concentrating on 
carcass meri1..., in order to improve their final product. \'</ith 
the improvements in technology. the farm has been able to 
take ultrasound readings of every calf, and the breeding pro­
gram is run using expected progeny differences (EPDsl as 
major criterb. The cattle have been performing well, gaining 
nearly 5 pounds a day in the feedlot, grading 95%-100% low­
Choice or a hove, and about 450,-'o qualifying as Certified An­
gus Beef@ t CAB@) product. Evans Angus Farm also runs a 
stocker program, \Vith the calves coming from their huy-hack 
program \"\·irh bull customers. The farm runs this program 

knowing that the only reason for a purebred operation is to 
raise quality seedstock, mainly bulls, for the conm1ercial pro­

ducer. 
Evans has taken an active role in the Boy Scouts of America. 

serving as assistant scoutmaster, camping committee chair­
man, and on the medical staff at national jamborees. He re­
ceived the Silver Beaver ;nvarcl. Evans is married to june and 
is the father of three children, S.R. Evans III, Claire Evans and 
Caroline Evans. 

Galen Fink Receives BIF 
Continuing Service Award 

The Beef Improvement Federation (BIF) honored Galen 
Fink, l'vlanhattan, Kan., with the Continuing Service Award at 
the organization's 34th annual meetingJuly 12, 2002. in Omah;.t, 
Neb. 

Fink was raised on a small diversified farm in southeast 
Kansas. He realized e1rly he would have to forge his own 
business if he '\Vanted to remain involved in the beef industry. 
He began by managing the Kansas State University beef re­
search herd after graduation. 

In 1977 Galen and Lori Fink possessed one Angus co\v 
and the determination to develop a respected source for quality 
beef cattle genetics. Through determination and hard work. 
their goals have been met and exceeded. Today Fink Beef 
Genetics is known world wide as a source of outstanding 
Angus, Charolais and F-1 genetics. Their business incorpo­
rates all segments of the beef industry, from conception to 
consumption, including a heifer development business and 
mvnership of the Little Apple Brewing Co. The Manhattan. 
Kan., restaurant is a licensee of Certified Angus HeefLLC (CAB). 

The Finks have used high-accuracy, proven sires. exclu­
sively through artificial insemination (All since 1977. They 
rely extensively on cooperator herds as recipients for more 
than 1.000 embryos implanted each year to produce offspring 
sold private treaty and through d1eir annual production sale. 
A major component of the Fink program is customer sen·ice. 
including feeder calf sales for their genetics customers. com­
mercial female sales and working relationships with various 
feedlots and alliances. 

Service to the industry has been ;t priority to Galen. He has 
served the RIF as vice president and presidcm and played a 
major role in hosting the 2000 BIF Convention in \\7 ichita. 
Kan. lie has chaired the Kansas Livestock Association Pure­
bred Council and the Kansas Beef Expo and has sen·ed as 
president of the Kansas Angus Association. His industry knowl­
edge and foresight make him a frequent speaker at cattlemen's 
events across the country. 
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The Finks have received numerous honors for their achieve­
ments and dedication to the beef industry. They were named 



the 2000 BIF Outstanding Seedstock Producer. In 2001 they 
were honored as the Kansas State University Alumni Fellows 
for the College of Agriculture. And in 2002 they received the 
Imervet/National Cattlemen's Foundation Vision Award for 
Region \'11. 

Bill Hohenboken Receives BIF 
Continuing Service Award 

\\lilliam D. Hohenboken is Professor Emeritus at Virginia 
Tech. Bill \Vas raised on crop and livestock farni-ln Geneseo, 
Illinois. In 1963, he received the B.S. degree in Agriculture 
from Oklahoma State University. Following a two-year tour 
of duty in the U.S. Army, he earned the M.S. degree (1968) 
and Ph.D. (1969) from Colorado State University, working 
with Dr. Jim Brinks in beef cattle breeding research. During 
1969 and 1970, Dr. Hohenboken was a postdoctoral research 
fellow at the University of \X'isconsin, working with Drs. Eel 
Hauser and A. B. Chapman on beef cow efficiency. 

Dr. Hohenboken joined the faculty of Oregon State Uni­
versity in 1970 as an Assistant Professor. He was appointed to 
Associate Professor in 1976 and Professor in 1981. In 1987, he 
\vas appointed Professor at Virginia Pol·ytechnic Institute and 

State University. Dr. Hohenboken retired from that position 
June 2001. Following his retirement, he spent the spring se­
mester of 2002 as a Fulbright Fellow teaching animal breed­
ing and experimental design in Turkey. 1 

Dr. Hohenboken's research interests h~ve emphasized the 
development of computer-assisted decision Jids for beef cattle 
breeding, management and marketing as \Vell as the study of 
genorype x management system interactions. Hi~ most recent 
research focused on the study of genetic variation in fescue 
toxicosis in beef cattle using the mouse as an experimental 
model. He supervised 17 I\tS. and 12 Ph.D. students, includ­
ing students from 11 foreign countries. 

AL Oregon State University and Virginia Tech, Dr. 
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Hohenboken taught introductory animal breeding, applied 
meat animal genetics, sheep production. population genetics, 
and quantitative genetics to hundreds of

1 

undergraduate and 
graduate students. In 1993, he ·was awarded the Rockefeller 
Prentice Award in Animal Breeding and Genetics by the Alneri­
can Society of Animal Science. 

Dr. Hohenboken's service to B.I.F. includes his recently 
completed editorship of the 8th edition of the Guidelines for 
Uniform Beef Improvement." 
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