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ABSTRACT

GENETIC PARAMETERS FOR FERTILITY AND PRODUCTION TRAITS IN RED ANGUS
CATTLE

In beef cattle the ability of a herd to effectively reprodigcene of the most important
factors that contributes to economic viability of an enterprise. Hexvgenetic improvement for
traits that relate to female reproductive capabilities have Slegv when compared to other traits
commonly under selection. Currently the Red Angus Association efriéen(RAAA) publishes
2 expected progeny differences (EPD) for fertility traits. These prexasc include heifer
pregnancy (HPG) which is the prediction of the ability of a femialconceive during her first
breeding season, and stayability (STAY) which is a predictioa fefnale’s ability to produce
five consecutive calves by six years of age. While both traits are ecotignmgzortant to cattle
producers, multiple hurdles arise when predicting genetic maditraturn genetic progress in
female reproductive traits. Some of the issues that commoidg are the generally low
heritability estimates associated with fertility plé&pes, which signifies that genetics have
limited influence on fertility. Age of measurement of when phgmet are recorded also limits
the amount of genetic progress that is achieved. For HPG, phenaypenot recorded on
females until they are 2 years of age, and STAY phenotypesoliected at 6 years of age. Data
is also limited for these traits because phenotypes canbentpllected on females. Therefore,
we hypothesized that traits that were recorded at youngeraagkesn both sexes would be
genetically related to HPG and STAY. Thus, the main oljeatf our study was to determine
the genetic relationships between HPG, STAY, and other monenoaly recorded production

trait phenotypes in the RAAA herd book. Production traits wigeneetic relationships were



studied for both HPG and STAY included: birth weight (B\205-d pre-weaning gain (direct
and maternal; Pre¥Gp, PreWGw), 205-d weaning weight (direct and maternal; \B/\W\Ww),
160-d post-weaning gain (Post-WG), 365-d yearling weight (direct anermaaYWo ,YWw),
ultrasound rib eye area (UREA), ultrasoumrdtidat (UBF), ultrasound intramuscular fat (UIMF),
scrotal circumference (SC), carcass rib eye area (REA), carcasatli@ER, hot carcass weight
(HCW), and carcass marbling score (MARB). Production traits thaée wealuated for the
genetic relationship for STAY only included: udder suspension (US)stes (TS), mature
weight (MW), and body condition score (BCS).

Data used for the analysis was extracted from animalsctmtined a valid HPG or
STAY phenotype in the Winter 2014 RAAA national cattle aaéibn. For HPG all phenotypes
available were used in the analysis, whereas STAY observatierss limited to females that
were members of a contemporary group that contained 60 or moralsade to computational
issues. To collect phenotypes on males and other females thé& B#gdciation defined birth
work group classification was used. This methodology yieldast &fl 141,436 animals for all
HPG analyses, and 152,376 animals for all STAY analyses.

Binary observations for HPG were formed by the RAAA based onvangainterval
calculated from producer submitted breeding information. ObservationSTAlY are also
binary in nature, were formed using calving information. For the mtamu traits, Pre-WG,
WW, Post-WG, YW, and SC phenotypes were pre-adjusted to ageanbendpoints of 205 d,
205 d, 160 d, 365 d, and 365 d respectively. Phenotypes for MW were adjustenbristant
BCS of 5. If age of measurement, or phenotypic observations werdeo&tSID from the overall
mean observations were removed from the analysis. Contempompgsgfor all traits were

formed in a similar fashion as to what was used in the national catilmgenl If an animal was



a member of a CG that exhibited no variation for a traictimemporary group fixed effect was
omitted. Based on the final data file for each two-trait amalygsih HPG or STAY a three-
generation pedigree was formed.

Genetic relationships for all traits were determined from)v@@ance parameters,
estimated using a series of two trait animal models aR&ML procedure. Model fixed and
random effects were consistent when a trait was evaluatedbath HPG and STAY. These
fixed effects include: appropriate contemporary group, as weleasof animal for all weight,
carcass, and ultrasound phenotypes, age of dam for all welgét &nd age of measurement for
UREA, UBF, UIMF, REA, BF, MARB, HCW, BCS, TS, US, and MW. Random effects
included: a direct genetic effect for all traits, maternal gereffects for Pre-WG, WW, and
YW, permanent environment of the dam for Pre-WG, and WW, andgoemh environment of
the individual for MW, BCS, TS, and US.

Results for the series of two trait analyses and HPG shdwédhie average heritability
across all 12 analyses for 0:42.01 (averaged across all analyses). Direct heritabililpmates
for production traits wer6.58 + 0.01, 0.25+ 0.01, 0.2%+ 0.01, 0.22+ 0.01, 0.32+ 0.01, 0.46
+ 0.02, 0.37+ 0.07, 0.27+ 0.06, 0.40+ 0.06, 0.25+ 0.06, 0.41+ 0.01, 0.35+ 0.01, and 0.38
+ 0.01 for BW, Pre-WG, WW, PWG, YW, SC, REA, BF, MARB, HCW, UREA, and UIMF,
respectively. Heritability for maternal components of Pre-WG, Vewd YW were 0.1% 0.01,
0.10+ 0.01, and 0.0% 0.01. Permanent environment of the dam estimates accounted fgr 0.10
0.01 percent of the phenotypic variance for both Pre-WG and WWetiGeorrelations between
PreWGp (0.24+ 0.08), WWp (0.18+ 0.08), YWp (0.20 + 0.07), UREA (0.16+ 0.08), and
UBF (0.14+ 0.08) with HPG were the strongest in magnitude. Genetic cooredalbetween

HPG and BW, SCWWw, Post-WG, YW\, REA, BF, MARB, HCW, and UIMF had confidence



intervals that included or were near zero, suggesting minimatigee&tionship between the
traits.

For the series of two trait analyses that included STAY aodyation traits the estimate
of heritability for STAY averaged across all analyses Wal0. Estimates for heritability of
additive genetic effects were: 0.56 £ 0.01, 0.23 +0.01, 0.10 £ 0.01, 0.27 £ 0.01, 0.10 £ 0.01, 0.24
+ 0.01, 0.33 £ 0.01, 0.06 + 0.01, 0.49 + 0.03, 0.26 + 0.08, 0.24 + 0.07, 0.30 + 0.08, 0.26 + 0.07,
0.38 £ 0.02, 0.40 £ 0.02, 0.39 £ 0.02, 0.71 £ 0.02, 0.70 £ 0.02, 0.57 + 0.02, and 0.27 £ 0.02 for
BWT, PreWGp, PreWGwm, WWb, WWwm, PWG, YWb, YWwm, SC, REA, BF, MARB, HCW,
UREA, UBF, UIMF, TS, US, MW, and BCS, respectiveddermanent environment effects of the
dam for Pre-WG and WW accounted for 0.13 + 0.00 percent of the varfandoth traits,
whereas, permanent environment of the individual with multiplereiasions accounted for 0.00
+ 0.00, 0.00 + 0.00, 0.16 = 0.02, and 0.18 + 0.01 percent of the variance for TS, US, MW, an
BCS, respectively. Genetic correlations were highest in magnitude lbe8¥eer and PréA/Gm
(0.54 + 0.05)WWw (0.55 + 0.05)YWw (0.36 + 0.07), BF (0.53 + 0.20), MARB (0.40 + 0.20),
UREA (0.19 + 0.07), UBF (0.37 + 0.07), TS (0.30 + 0.11), and US (0.23 + 0.11). Genetic
correlations between STAY and direct components of weiglis twere slightly negative, but
contained standard errors that included or were near zero. Additionalljtsref the analysis
estimated that minimal genetic relationships between, SC, REAY,HJIMF, MW, and BCS
and STAY.

Based on the results of these analyses we were able ft #uediypothesis that genetic
relationships exist between HPG or STAY and other more yhigdtlorded production traits. For
national cattle evaluation, the trait Pre-WG could beuihetl in a multiple trait model for HPG,

and the trait UBF could be included in the STAY evaluatiorthBi@its are commonly recorded



on both males and females, and at an age that is youngewtten fertility phenotypes are
recorded. Inclusion of these traits into genetic predictions fdé lARd STAY will allow the
ability to overcome several key issues that are faced wiaking genetic predictions for the

fertility traits.
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CHAPTER |

INTRODUCTION

Effective reproduction can be defined as the ability for one gemerat produce enough
healthy offspring capable of perpetuating the species (Foote, 2003yesiotk species, this
need is also combined with production of a product for humarcarsimption. In the case of
beef cattle, sufficient levels of reproduction can maintain berg, but there is still a need for
improved reproductive efficiency. Improving efficiency of reproductionl &iso improve
performance in other traits. An improved reproductive rate prowderse replacements to
choose from which can boost selection intensity of replecés and in turn increase rate of
genetic change.

The modern beef female is considered reproductively inefficid@n 50 to 60% of
cattle conceive each service is achieved (Parkinson, 2004). Modern beetiprodractices call
for beef females to first calve as two years olds and subsequeathtain a 365-d calving
interval each successive year. Failing to maintain thexvat and then to rebreed is a major
cause for culling decisions in beef cattle systems (Snellie§4). While in most cow/calf
systems, primary emphasis is put on management practiceaptove reproduction, little
selection pressure has been applied to the measures of reproductivegrezéorm

Historically, a multitude of different approaches were progdsemeasure reproductive
capabilities of beef females. Cammack et al. (2009) summarizedig@arameters for thirteen
different measurements; however, only two were or have beeptegddor national cattle
evaluations. The first measurement was Heifer Pregnancy (HPG), ishich probability of a

female conceiving at the end of her first breeding season (CrewEnasgd 2008b). The second



measurement was stayability (STAY), which is defined aptbkability of a female remaining
in the herd to six years of age, given that she has had at ¢aib years of age (Snelling et al.,
1995).

The slow genetic improvement of reproductive traits is maanhesult of three factors.
The first factor is the low heritability (< 0.30) often assaatvith measures of reproductive
performance (Cammack et al., 2009). Secondly, most fertility robsens are sex-limited,
restricting, the amount of phenotype data available toensakection decisions. Lastly, many
fertility outcomes are taken at consideralalier ages than other performance traits. Due to the
age of measurements, sires do not start receiving observatiahasghier’s fertility traits until
much later in life. Hifer pregnancy observations on sire’s daughters first accumulate when the
sire is three years of age and for STAY observations at eggins yof age. More effective ways
for selection on reproductive traits that results in in@éasccuracy, and reduced generation
interval are needed.

The incorporation of correlated traits has long been an attepethod to improve
accuracy of prediction. Correlated traits offer the abilityndude multiple traits in one genetic
evaluation and add information to both trait evaluations simuwitssig. In the context of
reproductive research, the use of correlated traits in genetiodageal offers the potential
advantage of leveraging traithat are measured at younger ages. This approach could increase
accuracy of selection for reproductive tra@is younger ages than would be achievable by
reproductive data collection alone.

We hypothesized that genetic relationships exist betwde@ Hnd STAY, and other
production traits. The objective of our research is to examineetagonship between HPG and

STAY, and their relationships with production traits more typycha#lving higher reporting res



For this study, the production traits included: birth weight |B¥05-d Pre weaning gain (direct
and maternal, Pré&¢Gp, PreWGwm), 205-d weaning weight (direct and matern&Wp, WWhw),
160-d post-weaning gain (Post-WG), 365-d yearling weight (direct anermaaYWo ,YWw),
ultrasound rib eye area (UREA), ultrasoumrdtidat (UBF), ultrasound intramuscular fat (UIMF),
365-d scrotal circumference (SC), carcass rib eye area (REA)ssdraekfat (BF), hot carcass
weight (HCW), carcass marblingse (MARB), udder suspension (US), teat score (TS), mature

weight (MW), and body condition score (BCS).



CHAPTER Il

LITERATURE REVIEW
BACKGROUND

The Red Angus Association of America (RAAA) was establishetio54 (Marquez et
al., 2010). Throughout its history the RAAA has positioned itaslfocusing on adoption of
scientific approaches to improve efficient cattle production. In 19@5stayability (STAY) EPD
was adopted as a published selection tool for improvement of repixadithess in RAAA
Stayability is classically defined as the probabilitgtth female has had 5 calves by age 6 given
that she had a calf as a two year old (Snelling et al.,, 1995).niéasurement was chosen
because it provides the opportunity to select for femaleshiiat a higher probability of
remaining in the herd to a calculated break-even age of ars yéd. This measurement is more
intuitive compared to a similar measurement termed longevVitghwis defined as the produativ
life of a female. One issue that often arises with usindotigevity measurement is that animals
do not receive observations until they leave the herd. Hbes life measurement increases
generation interval, decreases accuracy as an observatiomatoescur until the end of the
productive life of an animal, both of which in turn, slow genetic pragres

A second trait that was introduced to improve fertilityRed Angus cattle was heifer
pregnancy (HPG), which is defined as the probability of a femaheeiving during her first
breeding season (Crews and Enns, 2008b), typically as a yearlinggehleéc relationships

between these traits and other economically relevant traits haleemextensively examined.



ECONOMIC IMPORTANCE OF REPRODUCTIVE EFFICENCY

Fertility has long been considered an important trait forcdete for cow/calf producers.
Melton (1995) classified reproductive tra#s 3.24 times more important than end product traits
to profitability of a cow/calf producer that markets calves at weaning.niost limiting factoto
producing the greatest number of calves each year on a herd-agideid reproduction of the
cow. In cow/calf production a common practice is to cull cthved are not diagnosed pregnant
following the breeding season (Snelling, 1994). Culling a higher pegmfafemales due to
reproductive failure increases replacement retention, and m tesults in higher overall
development costs per year. Additionally, after cows entdoreding herd the goal for those is
to maintain a 365-d calving interval and produce a calf eaa (Short et al., 1990). However,
average conception rate per exposure for the modern beef female 838 {@arkinson, 2004)
resulting in the need for multiple exposures for a successfulamegn

The economic impact of fertility is also seen in manag¢rensiderations of when to
first expose females. Heifers that calve at two years ohage the ability to be more productive
and wean more calves over their lifetime (Cundiff et al., 19B&eding heifers as yearlings
allows them to have a calf at a younger age and didaustecthem to be removed from the herd
at a younger age than heifers that first calved as 3 year oldsli{fCet al., 1974) Timing of
when heifers conceive during their first breeding season is miportant for future calves.
Heifers that conceive and calve early in their first reprodeatycle tend to continue to calve
early in successive years (Lesmeister et al., 1BBhaving the ability to calve earlier, calves
are older and therefore on average are heavier when marketed.

The highest cost for a beef producer each year is the feedlitige cow for their

maintenance requirements. To offset this cost, calves aneetedrat weaning and sold on a



weight basis with calves that are heavier at weaning beiaghigfher monetary value. From that
perspective, calves that are born from older cows tend to heéehed weaning compared to
calves born from younger dams (Rumph and Van Vleck, 2004). Therdfaving a higher
percentage of older dams retained in the commercial herd should bigla¢r average weaning
weights for the calf crop and greater overall income. Rumph andWé&ck (2004) found that
weaning weights of a ddsprogeny increasedrtil 5 years of age and BIF Guidelines for age of
dam adjustments (BIF, 2011) also reflect these differences. ¢daaitle fall out of the herd
before this time, results in production inefficiencies becausenfutted protein into the cow is
not rewarded with higher weaning weightgil after 5 years of agedaving a higher percentage
of mature cows in the herd helps to stabilize the economigilityaof many beef cattle
production systems.

While most income from commercial cattle production corfnesn the sale of calves
each year, proper marketing of cull cows can also affect abdfiy. Salvage value of a cow is
important at culling as it partially offsets development arantenance costs. Snelling et al.
(1995) used estimates obtained by Dalsted and Gutierrez (1989) forateage value and net
returns per calf to determine the number of calves required to besaKer various cow
production scenarios. Assuming a $50 to $100 annual return per cow and $100 tio#200
difference between development cost and salvage value, 4 to 8 asvexjuired to breakeven
(Snelling et al., 1995). This results in a cow that is 6 to 10 y#aage when she leaves the herd,
assuming that she first calved as a two-year-old to break élowever, the cattle industry is
repeatedly going through periods of expansion and consolidatione Higisals as well as
geographic location where cattle are marketed have a large effegrices received for cull

cows and market calves. Prices for processed grains useddan d@relopment programs are



just as volatile. The difference in development costscaitigorices is constantly changing and is
not consistent. Based on this the number of calves requiredak éven can also change based
on the value of cull cows, the calves themselves, and costs of pooduct

Overall, the importance of fertility for cattle productiontie ability of a producer to
efficiently produce the maximum pounds of weaned calf, while miniminiagmount of money
spent to prepare females to reproduce each year. Based on eyickssged in this section, the
ability for a female to produce a calf early in the bregdieason first as a 2 year old and
continue to do so throughout her life allows an advantagerinst of efficiency. Additionally,
allowing a cow to remain in the herd for an extended perioonef &llows the ability for her to
offset her development cost, and more cows that are oldgrsamore pounds of calf to be
produced which intern increases profitability.

FACTORS AFFECTING HEIFER PREGNANCY

The ability for a heifer to become pregnant during her first brgesiason is of utmost
importance to beef cattle producers as it influences lustts of development for the heifers and
income through the number calves for sale from a systenigiiver replacement heifers needed,
mare saleable calves). There are a multitude of managementiodeciand physiological
benchmarks that must be met for a female to become pregnarg Herifirst breeding season.
Genetic differences play a role in these benchmarks iffietlethces also exist between females
relative to their ability to become pregnant. Effective mamege and selection for improved
reproductive performance should result in a higher percentagmalefe conceiving during their
first breeding season. The process involved with a successfuépt@mrc and pregnancy is
complex as will be outlined in this section.

Managerial Components. Nutritional management post-weaning can have a major influence on



a heifer’s ability to become pregnant during the breeding season. The objective of heifer
development programs is to feed heifers to improve their atwlibecome pregnant during their
first breeding season. Historically heifer development systemssed on feeding heifers to
reduce their age of puberty with the belief that females woeddh puberty at a genetically
predetermined time or weight. An inverse relationship was commimuolyd between post
weaning growth rate and age of puberty (Wiltbank et al., 1969). Theraftzasive feeding
programs were established to allow heifers to reach their tabgeéding weight.
Recommendations based on research conducted from the 1960’s to 1980°s called for heifers to

be developed to 65% of their mature weight at the beginning of thdibgeseason (Patterson et
al., 1992). In order to achieve this target, heifers were oftendpliaca dry lot and fed high-
energy diets. In research settings, pregnancy rates for thdsensywith heifers on a high-
energy diet ranged from 88% to 92% (Freetly et al., 2001; Funston aretbet2004; Roberts
et al., 2009). Reproductive rates for these systems are high amdéawv successful preparing
heifers for their first breeding season.

More recently, researchers have examined less intensive systeheifer development.
These systems call for heifers to be grown on pasture or wmsidues with minor
supplementation (Summers et al., 2014) and correspondingly reactD%ottower target body
weights at the beginning of the breeding season compared tolammahe more intensive
programs (Summers et al., 2014). The main benefits of these lessiviategstems are that
development costs are reduced (Funston and Deutscher, 2004; Martin 2008) while
maintaining similar reproductive rates to more intensivehoud (Funston and Deutscher, 2004;
Martin et al., 2008; Roberts et al., 2009). Summers et al. (2014) exarhmaeproductive

differences between heifers grazed on corn stalks for 148 days and subgenuenige, verssi



heifers maintained on winter range only in the sand hills of I&braBoth of these methods are
considered less intensive compared to previously described metAodson-significant
difference in pregnancy rate between the two meth&ls (0.29) was fond. Both groups
developed had pregnancy rates above 80%, however, heifers on tbe nange tendedP(=
0.11) to have a higher average daily gain before breeding.
Age of Puberty Related Factors. In order for a heifer to have the ability to become pregrfant s
must first experience puberty. In mammals, the reproductive syistéhe last physiological
system to develop (Patterson et al., 1992). Overall pregneaieg in heifers are directly
influenced by the proportion of heifers showing estrous prighéobeginning of the breeding
season (Funston et al., 2012). In beef cattle, age of puberty i®dlefinthe point at which
ovulation is accompanied by visual signs of estrus and initiafiorormal luteal function (Perry,
2012). Measurement of age of pubesiys proposed in the 1960’s as an indicator of females that
had a higher probability of becoming pregnant in a restricteddimg season (Wiltbank et al.,
1966). The pubertal estrous cyateless fertile than successive cycles and thus heifersdshoul
experience multiple cycles before the beginning of the breed®agos to ensure higher
probability of conception (Perry et al., 1991a). The struggle for prodiscdre need for heifers
to achieve puberty at a lower age due to the common praiftioeeeding heifers before the
mature cow herd in an effort to concentrate labor requirena¢hésfer calving (Larson, 2007).
Plane of nutrition, body composition, and age are highly itletdody weight and the
onset of puberty. Wiltbank et al. (1969) examined the differences &etwessbred and straight
bred heifers fed at low and high levels of nutrition. They ntejalothat the average age of puberty
for heifers on the high plane of nutrition was 381 days for botesbred and straight bred

animals compared to 424 and 572 for the same grougsose levels of nutrition respectively.



Roberts et al. (2009) found similar but lessndsiac results comparing composite heifers of
consistent breed composition that were fed ad libitum veueiisrs on a restricted feed diet.
Age of puberty was 7 to 30 days longBr<g 0.01) in heifers on the restricted diet compared to
the controls on free choice feed. Pregnancy rates of femalesresiriated diet were 874
compared to 91.9% to heifers on a control diet. Nonetheless, the sawinfged costs for
animals fed the restricted diet was $33.28 per head and yielded ae#d®ion in harvested
feed requirements.

Instead of feeding heifers to a constant weight, the bamiyposition of heifers
experiencing puberty has also been investigated. Hall et al. (198&3ured different body
composition indicators pre and post mortem and compared theasurements between two
groups of heifers fed at high and low levels of energy. Signifiddfgrences P < 0.01) were
found between the two groups for age, weight, body conditiore sheart girth, weight: height
ratio, and longissimus muscle area when puberty was achievedrsHmif¢he high-energy diet
achieved puberty at a lower age (386.3 days), were heavier (394.5 kg) withac&fat (6.8
mm), had a higher body condition score (6.7), larger heart girth (174.1hayhgr weight:
height ratio (3.2), and larger Longissimus muscle area (5%¥paompared to the heifers on the
low energy diet at 415.3 days, 341.3 kg, 5.1 mm, 5.7 163.3 cm, 2.8, and 51e&spattively.

Multiple genetic components have been shown to exist for agmilwdrty. Different
breeds have been shown to have different ages and weights aty piliaester et al., 1979;
Ferrell, 1982; Freetly and Cundiff, 1998). Crossbreeding also play® avithi Wiltbank et al.
(1969) examining the differences of age of puberty between crossbrestshaifid Angus or
Herford straight bred heifers fed at two levels of nutrition. No difiees were reported between

crossbreds and straight bred animals; however, at low leveldr@fan crossbreds experienced
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puberty on average 148 days earlier than the straight bred heifersig@bst llifference in age
of puberty howeveis betweerBos Indicus andBos Taurus cattle. Gregory et al. (1979) reported
that the mean age of puberty for calves born to Angus anddrgidams was 398 5.8, 383+
6.4, 303+ 5.7, 318+ 6.3 days for Brahman, Sahiwal, Pinzgauer, and Tarentaise sired calves,
respectively. The twdos Inducus breeds (Brahman and Sahiwal) were the highest in the
average age of puberty. More recent age of puberty estimates raoge832 to 357 foBos
Taurus cattle which is compared to the 405 days which was predictetidd@ot Indicus breed
Nelore (Tallman et al., 1999).
Genetics. Heritability estimates for heifer pregnancy have variedritability estimates for
heifer pregnancy have been reported and range from 0.05 to 0.68 (Kab{sl894a; Snelling,
1994; Snelling et al., 1995; Doyle et al., 2000; Eler et al., 2002; E&dr, &004; McAllister et
al., 2011; Fortes et al., 2012). Within these estimBussTaurus cattle tended to have a lower
heritability compared toBos Indicus. These differences were attributed to differences in
management techniques based on different breed averages for age of pixkringtern a
greater amount of genetic variability (Eler et al., 2002). Diffeegnt more appropriate analysis
technigues to accurately estimate genetic parameters foodaggdraits can lead to differences
in heritability estimates (Snelling et al., 1995) as wellisTcan be seen with the more recent
estimates irBos Indicus cattle to be higher than more historical estimateBos Taurus cattle
(Eler et al., 2002).

Different methods have been proposed to increase the gemspionse to selection
Measurements that are taken on a phenotype and then used feelébton of a second
genetically correlated phenotype have been defined as indicate (Bourdon, 1997). The idea

of using indicator traits has long been adopted in geneficomement programs. There are
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many traits that are of economic importance that areréitrel to measure; occur later in life, or
are only measureable in a single seall of which in some way limit the ability to collect
phenotypic data on animals.

Indicator traits have also been used for evaluation of tratstbahard to measure or can
only be measured on a single sex. Bull yearling scrotal circemde is used as an indicator for
age of puberty in female offspring (Evans et al., 1999; Martinez-Yeézz et al., 2003;
McAllister et al., 2011). Scrotal circumference is easily measangel can be used as a predictor
for not only male fertility, but also for female pubertal tragsweell. The idea of using scrotal
circumference as an indicator for female reproductive traissfinst introduced by Brinks et al.
(1978) who reporteda -0.71 genetic correlation between scrotal circumference and age of
puberty in female half siblings. Similar results were reportedlibg et al. (1983), who found a
strong negative correlation between scrotal circumferencagamaef puberty in Hereford cattle.
While these two estimates may reduce the age of pubtbdyrelationship between scrotal
circumference and laeifer’s ability to become pregnant during her first breeding season has been
more disputed.

More recently, several studies reported a weak to no genetionship between scrotal
circumference and heifer pregnancy. Evans et al. (1999) studied thensHig between scrotal
circumference and heifer pregnancy in Herford cattle. Heiitalastimates were 0.24 0.12
and 0.78+ 0.16 for heifer pregnancy and scrotal circumference, respectivbby.reported
genetic correlation between heifer pregnancy and scrotal circemste was 0.002 0.45.
Similar results were reported by Martinez-Velazquez .e2803) using data on 1Bos Taurus
breeds. Heritability estimates for pregnancy status followinditstebreeding season were 0.14

+ 0.03 and 0.02+ 0.01 for direct and maternal effects, respectively. Genetic cooreda
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between scrotal circumference and pregnancy status fotothe first breeding season were
0.00 and 0.12 for direct and maternal effects of pregnancy status, respectively.

Eler et al. (2004) examined theawnship between HPG and scrotal circumference in
Nellore cattle. Heritability estimates were reported)d@8 + 0.09 and 0.6k 0.10 for heifer
pregnancy based on two different contemporary group definitions. Baiotamference
heritability was reported as 0.5% 0.03 for both contemporary group definitions. The genetic
correlations between heifer pregnancy and scrotal circumfengace 0.20+ 0.12 and 0.2G:
0.13 for the different contemporary definitions. The increase in thetigecorrelation for
analysis involvingBos Indicus breeds is a result of the increased genetic variability of prexyn
at 14 months of age comparedBos Taurus where puberty is commonly experienced before
that age (Eler et al., 2004) .

Genetic correlations between HPG and carcass traits Igereegamined. In beef cattle
the prioritization of energy occurs in the following order: basatatmolism, activity, growth,
basic energy reserves, pregnancy, lactation, additional emesgyves, estrous cycle and
initiation of pregnancy, and excess reserves (Short et al., 199€3s€xnergy reserves are
accumulated as intramuscular and subcutaneous fat. These exgasagurements can serve as
indicators as to which females are in the proper nutritistete to experience estrous and
maintain pregnancyln Red Angus cattle, McAllister et al. (2011) examinktdFland MARB in
relation to HPG. Heritability estimates were 047.01, 0.29% 0.01, and 0.3% 0.06 for HPG,
IMF, and MARB, respectively. Genetic correlations between H&@ IMFard MARB were
0.13+ 0.09 and 0.1& 0.15, respectively. These results suggest that measurementsss fatce
reserves are favorably related to HPG, but are predictors of a heifer’s ability to become

pregnant during her first breeding season.
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Fortes et al. (2012) reported REML, genomic heritability, andete correlation
estimates foHPG and different production traits in Brangus cattle. Heritab@timates using
REML analysis were reported as 0.480.12, 0.48+ 0.11, 0.55+ 0.15, 0.52+ 0.14, 0.28+
0.08, 0.63+ 0.11, 0.42+ 0.10, 0.30+ 0.09, 0.06+ 0.05, and 0.07% 0.06 for 205-day body
weight BW2o5), 365-day body weightBWsss), 205-day heightHT2o0s), 365-day heightHT3ss),
average daily gain (ADG), rib eye area (LM Area), intramusdala(IMF), backfat (BFT), first
service conceptionFSQ, andHPG respectively. Heritability estimates for weight and carcass
traits were higher than what was reported by (Koots et al., 19%avever they remain
reasonable. Genetic correlations using a REML and genoneSNP effects are summarized
in Table 2.1. Weight and height measurementse low to moderately negatively correlated
with HPG. Meaning animals that had a higher genetic propensitgrfawth had a lower
probability to become pregnant during the first breeding seasemor@c correlations using
SNP effects show low positive correlations BMV20s andHT205 as well asBWaes. Height at 365
days was lowy negatively correlated with heifer pregnancy. Carcass taagidowly positively
correlated in the REML analysis. Intramuscular fat was neggtcorrelated with HPG in the
genomic correlation analysis. In both analyses a high pesignetic correlation was estimated
between FSC and HPG. A successful FSC observation wowdeald to a successful heifer

pregnancy observation and therefore this high correlation is not sogprisi
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Table 2.1 Genetic correlations between heifer pregnancy, growth, average dailyrghin, a
ultrasound carcass traits in Brangus heifers adapted from (Fortes et al., 2012).

Traits Genomic Correlation REML Correlation
Heifer Pregnancy Heifer Pregnancy

BW205 0.17 -0.28+ 0.38

HT205 0.05 -0.39+ 0.39

BW365 0.10 -0.144+ 0.35

HT365 -0.05 -0.23+0.36

ADG 0.08 0.20+ 0.38

LM Area 0.18 0.17+0.34

BFT 0.11 0.27+ 0.38

IMF -0.01 0.11+0.35

FSC 0.73 0.66+ 0.40

BW205 & 365 = BW at 205 and 365 d of age, respectively; HT205 & 365 = hip h&igbbe
and 365 d of age, respectively; BFT =ckfat; IMF = percent intramuscular fat; FSC = fii
service conception; HPG = heifer pregnancy

FACTORS AFFECTING STAYABILITY

After a beef female enters the mature cowherd her main purpds raise a marketable
calf each year for as long as possible. In order to do théspast conceive during a shortened
breeding season promptly after calving each year. Having fentalesnghe herd for multiple
years allow them to help recuperate the cost of their develapras well as pay for cows that
have fallen out of the herd. Additionally, older cattle whaavier calves that are more valuable
It is important to understand thkiéferent factors that control a female’s ability to stay within the
productive mature cow herd.
Post-Partum Interval. After a cow has given birth she experiences a short periathesftrous.
The length of this period can affect her ability to rebreedcahee the following year. In order
for a cow to maintain a 365-d calving interval she must rebwatdn 80 days post calving.
Suckling and nutrition are the two biggest factors that influgheelength of a @v’s post-
partum interval (PPI) (Short et al., 1990). Suckling determines traunof milk that is

produced by the cow in order to feed her calf. Cows that produce mitk require more energy
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and an increase in these energy requirements can stiranlaterease in the negative feedback
to the hypothalamus that results in the resumption of estroung lpgbdlonged. Therefore,
nutrition plays a vital role in a cow’s ability to resume estrous following parturition. The late
gestation and early lactation periods are considered the meagtyeexpensive times during a
cow’s yearly production cycle. When feed is restricted just before giving birth, the PPI is
increased (Perry et al., 1991b). Therefore, proper nutritional managesnanperative for
continued reproductive success.

Body condition scoring (BCS) is a tool available to producersams®sthe nutritional
status of the herd and individuals within the herd. Scores inydtens range from 1 (severely
emaciated) to 9 (very obedRIF, 2011). Scores are determined via visual appraisal of external
fat indicators focusing on the last half of the ribs, spinoeggsses, and the hooks and pins
From a reproductive perspective, all cows within a herd shoehllydreceive scores that range
from 5 to 7 (Eversole et al.,, 2009). Cows that are scored withsnraimge generally have the
highest probability of having reproductive success during the breedasgrsas they are in a
positive energy balance. The excess energy can therobatad to a lower energy priority such
as reproduction. Body condition scoring is a more accurateumegasnt for determining the
nutritional status of a cow as compared to weight alone. Matweweight can vary greatly
with frame size and is generally considered a poor prediftre nutritional status of the beef
female.

Culling. When a cow is removed from the herd she is consideécatded’. In beef cattle
production, the most common causes for culling include reproductiveefamortality, and
physical impairments (Greer et al., 1980; Nunez-Dominguez et al., 1R8dlling, 1994)

Common beef cattle practices call for cattle that are épiowing the breeding season to be
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culled from the herd (Snelling, 1994). Using this approach, the ladyepbut of females
typically occurs at 3 to 4 years of age. During this timetlecaxperience all of the energy
demands associated with resuming estrous and rebreedingl as weh their own growth, due
to the fact that cattle do not reach mature weight uhtgast five years of age (Goldberg and
Ravagnolo, 2015).

Another common criteria for culling cows is based on udder cleaistats. When udders are not
correctly sized, calves have difficulty nursing and receivingstalm, which is imperative for
good calf survival rates (Wythe, 1970; Edwards, 1982; Frisch, 1982; Ventorp a@handk,
1992). Udder conformation is a trait that has a larger effect on adeley because as they age
the conformational changes occur. Greer et al. (1980) found the probabilitpwflaeing culled
for udder characteristics increased with age. Within the shealprobability for culling due to a
bad udder was 0.0000, 0.0012, 0.0000, 0.0029, 0.0023, 0.0000, 0.0144, 0.0563, and 0.0667 for 2
to 10 year old dams, respectively. For these age classes théilinolmd being culled due to
udder soundness was less then 2 percent for 2 to 7-year-oldthdamsncreased to over 5
percent for dams that were 9 and 10 years old.

Rogers et al. (2004) looked at several factors that affect longeeitygtal time that a
cow stays in the herd) in a composite population in Mwtal hey found that cows that
experienced dystocia had a 58% greater 15k (0.01) of being culled compared to cows that
had an unassisted birth. Cows that first calved at an age < 730 days tended to have a lower
probability of being culledR = 0.08). As the breeding value (BV) for cow weight increased the
probability of being culled decrease® & 0.01). Increasing BV for the maternal effect of

weaning weight also caused a higher probability of the cow beiigd (P <0.05). The
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rationale behind these results was that cows that produceshilksmaintained better condition
to weaning and thus weighed more.

Forabosco et al. (2004) examined phenotypic relationships bettypentraits and
longevity in Italian Chianina cattle. The highest contributorshie likelihood of culling were
herd-year effect, production trait levels, herd variation, agérsit calving, and type traits,
respectively. Out of the type traits analyzed, muscle totgributed the most to the log
likelihood of the analysis. Body size characteristics wieeenext highest contributor, followed
by structural traits and lastly refinement. These results sutigganost of the culling decisions
made by producers were due to personal preference and not driven by economicatmmsde

Greer et al. (1980) examined the probability for culling cows thagerdrom 2 to 10
years of age in the Livestock and Range Research Statidnrh&liles City, Montana. They
found that, across all age classes, management cniertuced the highest probabilities for
cows being culled ranging from 0.1031 for 7-year-old cows to 0.356QCfgrear-old cows.
Within these management considerations, reproductive perfoemaas included as all non-
pregnant animals were culled, as well as, culling decisioresdbas soundness or other health
issues. The death or missing as a reason for culling wasarsifor all age classes with
probability of culling ranging from 0.0095 to 0.0165. Probability of culling uether physical
impairments tended to increase with age, ranging from a piibpaih 0.0048 for 2-year-olds to
0.1089 for ten year olds.

Genetics. Selection for improved female reproductive traits has long loéenterest to help
increase the efficiency of beef cattle production. Throughout prevéesesrch, STAY has taken
on multiple definitions. The main difference between STAYird#ons is what determines

“success” and whether it occurs with cows reaching a certain age or, alternatively, producing a
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certain number of progeny. These differences in the definition introgwoklems with
comparisons of research results. In herds that commit to aitimg of all females that do not
produce a calf each year differences in definition of STAY no loegist. Heritability estimates
for STAY based on number of calves produced ranged from 0.019 to 0.35n(peekl., 1995;
Martinez et al., 2005; Van Melis et al., 2007; Jamrozik et al., 2@i#erences in heritability
estimates, are attributed to differences in computationddode as well as, differences between
the populations studied. Although there is a large range dfaliéty estimates all the
researchers concluded that STAY is a heritable trait tvatbe used as a tool to improve the
productive life of females within a herd.

Snelling et al. (1995) first introduced the idea of using calving dadan@sasurement of
reproductive performance in beef cattle. The experiment examinedhettitability of four
different definitions of STAY including S(2 | 1), S(5 [1), S(8 | 1), S(11 | 1) repmegehe
probability that a cow will have 2, 5, 8 or 11 calves, respegtiveliven that she has had one
calf. Data was analyzed using three different variance ooem estimation methods and the
Colorado State University Beef Improvement Center (BIC) and Beckton $ack (BSF)
herds’ historical databases. Heritability estimates from thesyses are summarized in Table
2.2. Stayability estimates tended to be low with the exception of the attel in BIC for S(5|1),
S(8]1), and S(11|1). The high heritability estimates for the sodel®m were contributed to a
confounding of birth year and sire effects that lead to an osemation of heritability and
unreliable results. Computational limitations at the time of the paper’s publishing led to the
recommendation of using Method R (Reverter et al., 1994) for varianceooentpestimation.

The highest heritability estimate with the sire moddiminated was achieved for S(5 | 1) at
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0.227 + 0.010. This measurement was also convenient because it aligttedhw/iaverage

breakeverage of cows as previously indicated.

Table 2.2 Heritability estimates of measures of stayability of dams adapted from Snellin
al. (1995).

Trait BSF BIC
Animal Model Marginal Likelihood

S(2|1) 0.93 0.19

S(5|1) 0.105 0.143
S(8]1) 0.070 0.091
S(11]1) 0.195 0.068

Sire Model Marginal Likelihood

S(2|1) 0.080 0.072
S(511) 0.121 0.708

S(8 1) - 0.628
S(111]1) - 0.680

Animal Model Method R

S(21]1) 0.208+ 0.044 0.025+ 0.007
S(5|1) 0.123+0.028 0.227 £0.010
S(8]1) 0.163+0.018 0.188+ 0.044
S(111]1) - 0.192+0.022

AMean and SE of five 50% subsamples

One issue continually faced for the effective use of STAY EPhat females do not
receive observations until they are 6 years of age. To implaveftectiveness and adoption
rates, traits expressed at earlier ages have been investigatelp improve accuracy of STAY
estimates at younger ages. Using a random regressionigndyarozik et al. (2013) estimated
heritability, genetic, and phenotypic correlations of calvingprés at different ages and their
relationship to other measures of consecutive calvings for Can8dranental cattle. The data
used included observations that ranged from ta@ight consecutive calvings. Heritability
estimates were 0.36, 0.23, 0.19, 0.16, 0.15, 0.13, 0.12 for 2, 3, 4, 5, 6, 7, and 8 consecutive
calvings respectively. Genetic correlations between 5 conseaativiegs and 2, 3, 4, 6, 7, and

8 consecutive calvings were 0.83, 0.94, 0.98, 0.98, 0.95, and 0.86, respectively. Thaé¢tigh ge
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correlations achieved show that early life calving performasca good predictor of future
calving performance. While these correlations are strong, fos sire issue remains that
observations on their daughters are not recorded until tleey gears of age assuming that the
daughters calve first as 2-year-old.

Considerable research has also focused Bos Indicus cattle and potential for
improvements in reproductive performance. Some of these sthdie also focused on genetic
correlations between traits measured at younger ages and %Ik Bayesian methodology,
Buzanskas et al. (2010) achieved an average heritability for SFAY03. Genetic correlations
between STAY and age of first calving, body weight at 420 dafysage and scrotal
circumference at 420 days of age were -Gt63.20, -0.09+ 0.11, and 0.4% 0.21, respectively.
Using a similar methodology Eler et al. (2014) reported a héityabstimate for STAY of 0.19
with genetic associations between STAY and HPG, age atéhgng, PWG, and hip height at
18 months of age of 0.73, -0.60, 0.23, and -0.05, respectively. Within thesis ok cattle
moderate to strong genetic relationships exist betweeatafyyst calving and STAY. Based on
these results a genetic relationship exists between scrotal teremnte and post weaning gain in
Bos Indicus cattle breeds. Both of these traits can be measured agjgroages than STAY for
use as indicator traits for these breeds.

At a young age, and before observations are recorded, catttpvan parental average
EPDs. For traits such as STAY this parental estimatebeayf low accuracy and therefore the
progeny EPD is likely not accurate. Saatchi et al. (2012) examineedfficiency of selecting
animals for different traits using genomic breeding values (GBWVBimmental and Limousin
cattle. The analysis was performed by rdgressing an animal’s estimated breeding value

(DEBV) and performing a two trait animal model to estimate gkenetic correlation between
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DEBV and GBV. For STAY, the correlation between the trait afBW was 0.3%+ 0.06 and
0.58 + 0.06 for Limousin and Simmental, respectively. Efficiency ofdmn using the DGV

was calculated using the following equation:

Accuracy of DGV _ Tg (T,DGV)
Accuracy of Parental Averages R2
PA

Efficiency =

Efficiency values were 0.69, 1.39, and 1.48 for genotyped Limousin, genotypeatk8tal, and
young Simmental animals, respectively. Efficiency values greater treimdicate that selection
on GBV will result in greater genetic gains than seledbased on parental averages. Based on
this, Simmental breeders should have the ability to makeegrgahetic progress using GBV
than by selection based solely on more traditional breedihge vestimates as a result of
pedigree estimates. However, Limousin breeders would be moress@idcwhen selecting on
more traditional methods. Genomic breeding values can be alalaml for producers that
wish to estimate the genetic potential for STAY for ansnal younger ages than would be

achieved through more traditional methods (Saatchi et al., 2012).

GENETIC EVALUATION OF REPRODUCTIVE TRAITS
Genetic improvement of reproductive traits has long been of intefessearchers and
producers. However, early national cattle evaluations focused gtidits such as BW, WW,
and PWG (Golden et al., 2009) primarily because data were availadlead been recorded for
years. As technology advanced, and computational limits decreasesl traits were added into
the genetic evaluation of cattle. Currently the Red Angus, Sinatnémtnousin, and Gelbvieh
breed associations publish a STAY EPD, whereas, Red Angus, Angus, and Gelbe@atians

also publish a HPG EPD.
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In order for a breed association to maximize the accuracysSd& EPD, a total herd
reporting (THR) system must be established. Total herd repostatgnss call for the collection
of data on why animals exit from the herd. For an EPD tipmésents fertility, it is important to
establish why females leave the herd to establish arSdbservation. For HPG, exposure, and
pregnancy diagnosis, either palpation or ultrasound; or calaiogmation can be used to form
the observation. Both of these traits are binary nectsgitanodel specifications that are
different from what is assumed in the genetic evaluation of continuaitss tr

Scrotal circumference is a moderately heritable trait (Bmuahd Brinks, 1986) that can
be used to predict reproductive performance in males. In order fall 40 pass a breeding
soundness exama bull’s testicles must meet a threshold depending on age. Scrotal
circumference has shown to be favorably correlated with séinaiis in male cattle (Smith et
al., 1989) as well as with age of puberty in female offspring (Bretkd., 1978). For some time,
it served as the only selection tool for the improvement of reproductiveitrd@gmales.

Threshold Model. Both HPG and STAY observations are binary in nature. Thetigene
evaluation of such traits lends itself to the use of threshmdels which were designed to
evaluate traits that have an ordered categorical respocles calving difficulty and litter size.
The theory of threshold traits was originally described\ght (1934) studying the number of
digits present in guinea pigs. However, statistical methgiedofor handling these threshold
traits were not developed until much later. Categorical tvaiisite assumptions of normality,
and variance homogeneity using the best linear unbiased predictiofPjRif Bienderson (1975)
(Gianola, 1982). Threshold models overcome this by assuming underlyimglhodistributed
liabilities that become discrete (observed scale) with knbwed thresholds that define the

boundaries for observed categories (Wright, 1934; Falconer, 1965) alemqiithreshold models
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for the analysis of categorical traits were developed bgn@a and Foulley (1983) using
Bayesian methodology and Harville and Mee (1984) using BLUP methodology.

The implementation of the threshold model requires a highmpettional cost than
traditional continuous trait, linear methodologies. This coas$ wstimated by Misztal et al.
(1989) to be three to five times higher for the threshold models. Tlisstems from the fact
that solutions using threshold methodology must be solved iteraavelyduring each round a
linear set of equations must be solved (Misztal et al., 1989). Ansthee faced by threshold
models is the extreme case problem (ECP), where observatiome fiixed effect fall into the
same category (i.e. all observations 0 or 1). This causesponeergence criteria for these fixed
effects as solutions approachator 0 (Misztal et al., 1989). In order to overcome this, Harville
and Mee (1984) recommended to treat these fixed effects as randialesaor to delete
observations experiencing ECP.

Multiple Trait Model. Genetic evaluation for multiple traits simultaneouslgn cbe
accomplished using models first proposed by Henderson and Quaas ($8¥pgenetic and
residual variances and covariance between traits (Mrode, 20h#).methodology was first
applied to weight traits. Genetic and residual relationships bgtween weight measurements
that are taken across cattle’s lifetime and make this approach possible. Currently most National
Cattle Genetic Evaluation (NCE) preform genetic analysis fomghtefraits as genetically
correlated traits. For example, BW and WW are analyzed as sepatagenetically correlated
traits. The matrix form of the multiple trait model as described bydel (2014) is shown below:
ol o L)L

= + +
Y21 10 X,|1b, 0 Z,]lu; e

In the above equatiop; was a vector of observatiors, ui, ande were vectors of fixed effects,

random genetic effect, and random residual effect solutions, reghecKi andZi are incidence
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matrices that relate fixed and random effects to observaitiopsThe model assumes that the
mean of the observations in y are equakto and random effects have a mean of zero and
genetic variance structure of:
Uz 0-921 O:‘h g2
var = 2 XA
Uz 0-92,91 ng

andaresidual variance structure of:

2
e1 _ IO'el IO'eLez
var e |~ 2 |
2 log,e, log,

s o . . : .
whereay,, ag,, 04, 4,, 04,4, @re the additive genetic variances and covariance batyeand

. . 2 2 - - -
yz. Similarly, a¢, , d¢,, Oe, ¢,, Oc, ¢, are the residual error variances and covariances between y

and y. TheA represents Wright’s numerator relationship matrix and| is an identity matrix with
the order of n x n with a dimension of n which is the numbemahals in the set of equations
with observations for each trait. The relationship betwgenetic and residual effects are
assumed O.

A bivariate analysis using a threshold and a continuous w@s first described by
Foulley and Thompson (1983) using a Bayesian approach. This do&igp however relied on
equal design matrices and only animals with both observaitichsded. This situation is often
not present in field data where animals have missing ofseng. Therefore the methodology
was extended by Janss and Foulley (1993) who presented a systquations that allowed for
unequal design matrices and for the inclusion of animals with rgistiservations.

Generalized linear mixed model procedures can be used foralysiarof binomial and
continuous traits. Several link functions are available foratmalysis of bivariate data in this
scenario. Link functions relate the mean of the response taciamesdin the model. The

differences between the different functions are the underlyitigbdisonal assumptions that are
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used to relate observations. The logit link function relates observations to a logistic
distribution and the probit link transforms the data to a standardahaistribution (Kutner et

al., 2005). Differences between the two procedures come from the diffeianoelicit residual

variances on the underlying scale. The residual variamahdadogit model is”z/3 wherer is

eqgual to the probability of a successful observation, whileifpnoddels have a residual variance
equal to 1 (Gilmour et al., 2009). Both models are appropriate for the andlysiartate data.
Genetic Parameters for Production Traits. In this study, commonly recorded production traits
are examined to determine their genetic relationship with thiétyettaits of interest. Genetic
parameters for production traits have been some of the mogedstudits in literature.
Additionally, many of the production traits are the basis of nmsalgction programs in beef
cattle. Due to this determining the relationships betweenrtgiégnancy or stayability and the
different production traits can not only help to identify traltattcan be incorporated into
multiple trait models, but can additionally be used to discdiveelection for a trait has a
negative impact on reproductive performance.

Heritability estimates for sixteen production traits are sanmead in Table 2.3 along
with the references for these estimates. Weight traitsoane &f the most reported estimates in
literature, are easily and cheaply recorded and have beenctise dbgenetic improvement in
many herds.

Carcass traits are also important production traits for gemegicovement as those traits
influence eating characteristics and value of harvest offspOniginally carcass evaluations
were performed on animals that had actual carcass measurekh@ntsver, this is not an ideal
situation because breeding animals are not able to reobservations resulting in linat

numbers of observations. Therefore, ultrasound measurementsaanechuded as predictors for
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carcass characteristics. Genetic correlations between actualt@stdund carcass measurements
are high (Crews et al., 2003). Heritability estimates for caraasl ultrasound traits have been
estimated to be low to moderate (Koots et al., 1994a). Therefioee inclusion of both

measurements can be used for the improvement of carcass chaietdrisarvesprogeny.

Table 2.3. Summary of heritability estimates?(Hor production traits in cattle.

Trait h? References

Birth Weight 0.31t00.69  Winder et al. (1990);Koots et al. (1994a);B
(2011)

Weaning Weight 0.18t00.44  Winder et al. (1990);Koots et al. (1994a)
Williams et al. (2009); BIF (2011)

Post Weaning Gain 0.18t00.40  W.inder et al. (1990);Koots et al. (1994a)
Williams et al. (2009);BIF (2011)

Yearling Weight 0.13t00.40 Winder et al. (1990)Koots et al.

(1994a);Meyer (1992)
Ultrasound Rib Eye Area 0.34t00.51 Reverter et al. (2000);Crews et al. (2003)
Ultrasound Backdt 0.091t00.69 Reverter et al. (2000);Crews et al. (2003)
Ultrasound Intramuscular Fa 0.12t0 0.52  Reverter et al. (2000);Crews et al. (2003);
McAllister et al. (2011)

Rib Eye Area 0.26t0 0.57  Koots et al. (1994a);Reverter et al. (2000)
Crews et al. (2003);Nephawe et al. (2004)

Backfat 0.23t00.46  Koots et al. (1994a);Reverter et al. (2000)
Crews et al. (2003);Nephawe et al. (2004)

Marbling Score 0.27t00.54  Koots et al. (1994a);Crews et al. (2003);
McAllister et al. (2011)

Hot Carcass Weight 0.20t0 0.54  Koots et al. (1994a);Reverter et al. (2000);
Nephawe et al. (2004)

Scrotal Circumference 0.31t0 0.53  Bourdon and Brinks (1986); Koots et al.
(1994a) McAllister et al. (2011)

Udder Suspension 0.32 Bradford et al. (2015)

Udder Teat Score 0.28 Bradford et al. (2015)

Cow Mature Weight 0.44t00.66 Nephawe et al. (2004);Williams et al. (200!

Body Condition Score 0.16 Nephawe et al. (2004)

More recently, selection for traits that focus on the matave characteristics has been
made possible with new genetic evaluations that can Hedext in selection programs. For
instance, teat and udder scores are measurements thatkemetdaimprove the maternal
environment that is provided to a calf. The scoring systenuates udder suspension and teat

size separately with each having 9 categories of scoresr ddgpension scores range from 1
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(very pendulous, broken floor) to 9 (very tight); teat scores akiated similarly with a score
of 1 (very large balloon shaped teats) and 9 (very small t@ts)2011). If teat size is extreme
or cows possess pendulous udders, calves can have difficulty n(Wenprp and Michanek,
1992) and this scoring system is designed to be used to redudactdence. Selection for
mature cow weight has also been introduced as a method torsetecefficient mature females.
Metabolic requirements can be calculated using functiongoaf body weight and milk
production (Williams et al., 2009). The concern is that selectiomfoeased weight at younger
ages has caused an increase of mature cow weight and imghem maintenance requirements
(Williams et al., 2009). Another cow-associated trait, body cmmdgcore, has been developed
as a tool to evaluate the metabolic state of cattlecdkirsy system was developed to assign
scores to females based on external indicators of fat depos8cores range from 1 (severely

emaciated) to 9 (very obese) (BIF, 2011).
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CHAPTER Il

GENETIC PARAMETERS FOR PRODUCTION TRAITS AND HEIFER PREGNANCY IN
RED ANGUS CATTLE

SUMMARY:: Heifer pregnancy (HPG) EPD is a prediction of thebplulity that a female will
conceive during her first breeding season. An inherent issue in thiecganeeliction of HPG is
that phenotypes can only be collected on females limitin@itih@unt of information available to
improve accuracy of genetic prediction. To overcome this, inclusidraits recorded on both
sexes could be used to improve accuracy of HPG predictions. Titeeréffe objective of this
study was to estimate the genetic relationship between HER&G commonly recorded
performance traits including birth weight (BW), 205-d pre wegrgain (direct and maternal
PreWGp, PreWGw), 205-d weaning weight (direct and matern&Wp, WWw), 160-d post
weaning gain (Post-WG), 365-d yearling weight (direct and malteYWp, YWw), scrotal
circumference (SC), rib eye area (REA), backfat (BF), marbling score (MARB)canoass
weight (HCW), ultrasound rib eye area (UREA), ultrasound badkf&t), and ultrasound
percent intramuscular fat (UIMF). The data set contained record=t2,146 animals from the
Red Angus Association of America. Genetic relationships, (cawvees, were estimated with
multiple, two-trait animal models using a REML procedure. Apgdate contemporary groups
were formed and modeled either as the only fixed effect oryowith sex for BW, WW, PWG,
YW, REA, BF, MARB, HCW, UREA, UBF, and UIMF. Furthermore, the effect of agdaoh
was also modeled in the analysis of BW, WW, PWG, and YW eds the effect of age of
measurement was included for HPG, REA, BF, MARB, HCW, UREA, UBF, andFUIM

Random effects consisted of direct genetic effects for aiftnaiaternal genetic effects for WwW
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and YW, and permanent environment of the dam for Pre-WG, and RédLlts revealed direct
heritability estimates of 0.58 0.01, 0.25+ 0.01, 0.2%+ 0.01, 0.22+ 0.01, 0.32t+ 0.01, 0.46+
0.02, 0.37+ 0.07, 0.27+ 0.06, 0.40+ 0.06, 0.25+ 0.06, 0.41+ 0.01, 0.35+ 0.01, 0.38+ 0.01
and 0.12 for BW, Pre-WG, WW, PWG, YW, SC, REA, BF, MARB, HCW, UREA, BJMnd
HPG (averaged across all analyses on the underlying scaj@ctwely. Genetic association for
PreWG direct (0.24+ 0.08), WW direct (0.18 0.08, YW direct (0.20+ 0.07), UREA (0.16t
0.08), and UBF (0.14 0.08) with HPG were the strongest. Genetic correlations betiWwBéh
andBW, SC, WW maternal, Post-WG, YW maternal, REA, BF, MARB, HCW, and UIMF had
confidence intervals that included or were near zero, suggesting ahigenetic relationship
between the traits. These results suggest that genetiomships exist between HPG and other
more highly recorded production traits and could be used teaseraccuracy of selection for
HPG.

Key Words: beef cattle, genetic correlation, heifer pregnancy

INTRODUCTION

Traits that have a direct influence on cost or revenue okhdadtle enterprise can be
classified as economically relevant (Golden et al., 2000). Indhtext of the cow-calf sector of
the beef industry, traits that relate to the reproductive ciapegbbf females have been shown to
be the largest drivers of profitability (Melton, 1995). One of the fingasurements that can
contribute to the prediction of reproductive performance in cattiee heifer pregnandgHPG)
phenotype, which is defined as the ability of a beef female toeasnduring her first breeding
season (Crews and Enns, 2008b), typically as a two-year-old. Howeilection of phenotypes
for HPG are restricted to only females that are retaina@@acements in the breeding herd.

Additionally, HPG heritability estimates are typicalty to moderate in magnitude (Cammack
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et al., 2009). Consequently, many progeny are needed to produce higacgddPG genetic
predictions. To overcome the difficulty of producing high accugayetic predictions for HPG,
correlated traits have suggested as a means to increagacgccn the context of genetic
improvement of reproductive traits, the use of correlated traitssatfie potential advantage of
including traits that are measured at younger ages, and on keth Jeaits that would be most
beneficial for inclusion in genetic predictions are traits that aresuned before culling decisions
are made, or phenotypes that can be measured on both culledaamedréindividuals of both
sexes.

The objective of this study was to estimate the genetianpeters for HPG, and other
production measures to determine the genetic relationship bethedraits in an effort to use

these results in future genetic evaluation.

MATERIALS AND METHODS

Data used in this study was obtained from the existing databa#de dked Angus
Association of America (RAAA, Denton, TX), therefore, animaltecand use committee
approval was not obtained.

Pedigree and performance records on animals born from 1986 to 264 2iseel in the
analysis. Production traits used in the analyses includet:vieg#ight 8W), 205-d pre-weaning
gain (direct and maternal, PreWGp, PreWGwm), 205-d weaning weight(direct and
maternal, WWp, WWw), 160-d post weaning gaifP@st-WG), 365-d yearling weightd{r ect
and maternal, YWp, YWw), scrotal circumferenceSC), rib eye areaREA), backfat BF),
marbling score NIARB), hot carcass weightHCW), ultrasound rib eye aredJREA),
ultrasound backfat{BF), and ultrasound percent intramuscular @itNi F). Data from animals

that were members of the same birth work group as fermétbsa HPG observation were
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included in this study. Birth work group is an RAAA defined catgdbat contains both males
and females from the same ranch or herd. Binary observdtioh#?G were based on calving
intervals calculated from producer submitted breeding seasommation (McAllister et al.,
2011). An observation of 1 represents a female that successfully becamenpregimg her first
breeding season; whereas, an observation of O corresponds to a femades thasuccessful. For
the production traits, phenotypic observations were discarded, if di@age at measurement
was greater than 5 SD from the overall mean, or the observatemesgneater than 5 SD from
the overall mean.

Contemporary group€CG) were formed in accordance with current standards used in
the RAAA genetic evaluations. Breed cod®C{ represented four subcategories 87.5 percent
Red Angus or greater, animals between 50 percent and 87.4 percent ¢rex] &md animals
with the same Red Angus percentage but also having some Bramfia@nge. Birth
contemporary groupBCG) was defined as BC, birth work group, a producer defined birth
management group, as well as season and year of birth. Weaniggnporary groupWw CG)
was defined as BC, a breed association defined weaning work group, a producer definegl weani
management code, birth work group, and weaning date. Yeadmgrporary group¥YCG)
was defined as all components that comprised the WCG, assvallbreed association defined
yearling work group, and a producer defined yearling management grodpr pleignancy
contemporary group was defined as YCG and a producer defined heifeaqrggnanagement
code. Carcass contemporary group was defined as owner and hdatestUltrasound
contemporary groups were defined as YCG, a producer defined ultrasaumagjement group,
and ultrasound date. If there was no variation for observaitioasparticular CG, then the CG

was omitted from the analysi$he total number of unique CG for HPG, BW, Pre-WG, WW,

3¢



Post-WG, YW, SC, REA, BF, MARB, HCW, UREA, UBF, and UIMF were 5494, 4349, 4351,
5451, 5415, 5424, 1210, 83, 84, 77, 84, 2573, 2574, and 2589, respectively. Average
contemporary group size for HPG was 14 animals, 26 animals for BWhidhla for Pre-WG
and WW, 19 animals for Post-WG and YW, 17 animals for SC, 29 aninraddl frarcass traits,
and 15 animals for all ultrasound traits.

A series of two-trait animal models were used to es@nthe genetic and residual
(co)variance compon&nbetween HPG and the other performance traits. Contemporary groups
were modeled as fixed effects. For BW, sex was included in thelmttie2 categories, bull
and heifer. Whereas, sex classification for WW, PWG, YW, REA, BFREBAHCW, UREA,
UBF, and UIMF, was included using the three levels of bull, heifed, steer. The fixed effect
of age of dam was included as a categorical effect (2, 3, 4, 8.) §,11; BIF, 2011) for BW,
WW, PWG, and YW. A linear covariate for age of measurement weasdied for HPG, carcass,
and ultrasound traits. Age of measurement for HPG was deterente age when the female
was initially exposed for breeding, whereas, the age of measuréoneother production traits
was calculated using the date the phenotype was recorded. ThePWAB, YW, and SC
phenotypes were adjusted to an age constant point in accordé@hcBI® guidelines (BIF,
2011). Maternal genetic effects of the dam were included in the mtmel&W and YW.
Weaning weight and Pre-WG analysis included a random, permamamnmerdal effect of the
dam. A 3-genertation pedigree was formed based on animals frdinghdata set. A summary
of the pedigree used in each analysis is presented in Table 3.1.

Due to the binary nature of HPG phenotypes, observations were rigohvwe an
underlying normal distribution using a probit link function, whirrhits the residual variance of

the trait to 1 (Harville and Mee, 1984; McAllister et al., 2011). Residagariances between
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several traits used in the analysis were constrained tedu&e both phenotypes could not be
measured on the same individual. These trait pairs included H®GS@, as well as, HPG and
all carcass traits: HCW, BF, REA, and MARB. Variance parametersSenfbr all traits were

calculated using ASREML 3.0 (Gilmour et al., 2009).

RESULTS AND DISSCUSSION

Table 3.2 presents summary statistics for all traits. Theaggesuccess rate for HPG was
0.77, which is equivalent to an average of 77% of heifers succgdsficlbming pregnant during
their first breeding season. These results were consisténpulilished results of McAllister et
al. (2011) of 0.80 in Red Angus cattle, Peters et al. (2013) of 0.78 in Brangus odtteaas et
al. (1999) of 0.78 in Hereford cattle. Winder et al. (1990) reported meayhtwensf 34.1 kg,
231.8 kg, 134.7 kg, and 366.6 kg for BW, WW, PWG, and YW in Red Angus cattle,
respectively. Phenotypic averages in the current study wgherhihan thee previous estimates
which was not surprising given the genetic trends in the RAAApufation
(http:/Avww.redangus.org/)The average scrotal circumference was consistent witavikages
of 35.24 cm and 32.5% 2.97 cm reported by McAllister et al. (2011) and Martinez-Velazquez
et al. (2003), respectively. Average HCW and BF in this analysis vethehigher, and MARB
was consistent with published estimates from Crews €2@0.3) in Simmental cattle, Peters et
al. (2014) in crossbred cattle, and Nephawe et al. (2004) for icattle Germ Plasm Evaluation
at the Meat Animal Research Center. Our estimated averad¢éREA and UBF were higher
than those reported by Crews and Kemp (2001) from cross bred bdllseders at a year of
age. Average UIMF was consistent with estimates publishedd®flister et al. (2011) in Red

Angus cattle.
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Tablke 3.3 sunmarizes parameter variance, heritability, and total neeieexplained by
permanent environment effects, for all studied traits. Because wH2Qncluded in a two-trait
model with each of the other production traits, multipletability estimates were calculated for
HPG (n=12). The results shown in the table (0.12) was cadculat averaging the estimates
obtained from each of the separate two-trait analyses of WilGall production traits. The
current heritability estimate was lower than the hbilityg estimate of 0.17 £ 0.01 obtained by
McAllister et al. (2011) using a sire model in Red Angus caftle difference in heritability
using similar data sets likely is the results of the usa sife model in the previous analysis,
compared to the animal model in the current analyses. For praadurdits, direct heritability
estimates were generally moderate to high in magnitude. Penma&nvironment variance
accounted for 0.14 + 0.00 of the total variance in both theAReeand WW analyses. Genetic
correlations between the direct and maternal components &/8reA/W, and YW were -0.31+
0.03, -0.29 £ 0.03 and 0.02 + 0.05, respectively. Estimates of direchatednal correlations
are consistent with ranges established in previous résddteyer, 1992). Birth weight
heritability was higher than estimates reported by Wireteal. (1990) of 0.46 + 0.02 and
weighted and unweighted average estimates by Koots e{1@®4a) of 0.31 and 0.35,
respectively. Pre-weaning gain direct heritability estimatese higher and maternal heritability

was lower than MacNeil and Mott (2006) in Line 1 Hereford cattlewever, estimates in the

study for PrevGp and PreA/Gwm are in agreement with previous ranges established using sire

models (Brown et al. 1990, Hetzel et al. 1p9The trait Pre-WG has not been studied
extensively in recent literature and therefore is uniquehi® $tudy. Post weaning gain
heritability was similar to estimates published in th& Buidelines for Red Angus (BIF, 2011).

Estimates for heritability o®WWWobp (0.26 + 0.02), WWu (0.14 + 0.02), and variance accounted
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for by permanent environment effects of the dam (&1®01) were similar to those published
previously published in Red Angus cattle (Speidel et al., 2007). Yearknghtvdirect and
maternal heritability estimates were consistent with ésemates of 0.32 and 0.06 in Angus
cattle where random effects were similar to the model Use (Meyer, 1992). Scrotal
circumference heritability estimate was consistent wlith rteported estimate of 0.51 + 0.02
(Crews and Enns, 2008a) from RAAA. Estimates for carcass andaultrd parameters were
consistent with the parameters in Simmental cattle of 0.37, 0.23, 0.43, 0.40, 0.44, 0.44 for
CWT, BF, REA, MARB, UBF, UREA, and UIMF, respectively (Su et al., 2016) andh®
weighted averages from Koots et al. (1994a) were 0.23 (BF), 0.20 (HCW), 0.27 (MARB)
(REA).

Table 3.4 summarizes the estimated genetic and residualissmes and correlations
between HPG and production traits. The genetic correlation tié highest magnitude was
between HPG and PW/Gp at 0.24 + 0.08. While previous estimates of genetic correlations
between the traits were not available, results from Relet al. (2009) showed that increases of
0.1 kg/d in pre-weaning average daily gain increased the percarfitagifers achieving puberty
during a post weaning treatment of restricted and ab-libitumradodiets by 11.6 + 2.6
percentage points. Additionally, in a review by Patterson.€i892) multiple studies from the
1950’s through the 1978 were cited that suggested pre-weaning growth was a greater a&fluen
on age of pubertyAOP) than post weaning growth rate (Wiltbank et al. 1,9%W®ierstra et al.
1977). While these results compdmpre-weaning growth rate to AOP, in populations where a
significant number of heifers do not reach puberty before thedttre breeding season, AOP
would have an effect on HPG during the first breeding season. rél#ife have the ability to

reach puberty at younger ages have the opportunity to hawplmolulation cycles before the
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breeding season with later cycles being more fertile thapubertal estrus (Perry et al., 1991).
Therefore, it is not unreasonable to assume that the benefitghef fitre-WG would extend to
the HPG phenotype as well.

The genetic correlations between HPG and WaNd YWb were moderate and positive
at0.18 £ 0.08 and 0.20 + 0.07, respectively. Fortes et al. (2012) examined REMLramlige
correlations for HPG and weight traits in Brangus cattle. RE®IL correlation estimates in the
study were -0.28 + 0.38 for 205-d weight, and -0.14 + 0.35 for 365-d weighttidvddiy,
Pearson’s genomic correlations were calculated using an associatedtweadhix. Correlations
between HPG, and 205-d weight and 365-d weight were 0.17 and 0.10, ivedpErtes et
al., 2012). The differences between the current study and previenaguie may arise from the
small sample size (n = 835) in the Brangus analysis. MoreBwsindicus cattle, traditionally,
achieve puberty at a later age, which might also bias thémeatss and cause a non-zero
correlation.

Genetic correlations between HPG, UBF, and UREA were low lzitiy®in natureln
Brangus cattle positive correlations were also estimated estWBEA, and UBF (Fortes et al.,
2012). All carcass traits and UIMF also showed to have tiitlao genetic relationship with
HPG. This might be due to the relatively few records avigilam carcass traits. These few
records resulted in large standard error estimates that caweseerietic correlations to not be
different from 0. For Red Angus cattle, McAllister, et al. (2011), doanstronger positive
correlation (0.13+ 0.09) between HPG and UIMF. While the estimate in the curreysis is
lower in magnitude both estimates are within the range détdmeard errors and therefore can

be considered equivalent.
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Generally, correlations between HPG and BW, Ré&t- and SC were near zero. These
results suggest that little genetic relationship exists betwlee traits. There are no published
genetic correlations between BW and HPG. The current estimgdests that heifers that were
born with heavier birth weights have a lower chance of deimgeduring their first breeding
season. Alternatively, Cushman et al. (2009) showed that heitréigher birth weights had a
higher antral follicle count and higher HPG ratés X 0.05). Post weaning gain alsosha
negligible relationship with HPG. Previous research has shtat a phenotypic increase in
heifer’s PWG can help to reduce the AOP (Wiltbank et al., 1969). This was then dexelopo
what is now known as heifer development programs. The olgeatithe development programs
are to feed heifers so that they can achieve weights th&bgrercent of their mature weight at
the start of the of the breeding season (Patterson et al., 198B2%. a phenotypic relationship
may exist between AOP and Post-WG, this relationship doésextend to the genetic
relationship of HPG and Post-WG.

Scrotal circumference has also been a suggested tool to improvedueire
performance. Brinks et al. (1978) showed that the genetic correlagitwveen SC and AOP was
negative. More recently, however, the relationship between 8GRG has been disputed, in
which multiple studies have found negligible genetic refathip between the traits. (Evans et
al., 1999; McAllister et al.,, 2011).This could be the result of selection and changes in
performance in the intervening period. In the current studyghtsiegative association between
these traits was estimated. This may partially be explainedhieyfact that if all heifers reach
puberty at an age before breeding, then heifers that reach thisepdiat have no advantage
because all females are successfully cycling at the beginning of tliknigreeason (Martin et al.

1992).
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Overall residual correlations between HPG and the productts twere positive and
weak. The strongest correlation was between HPG and YW (001@3Yx These results suggest
that an environment that promotes a higher YW will also incréeserobability of a female to
become pregnant during their first breeding season. The effect of the prewartigned heifer
development programs may be seen through this correlation.

Summary statistics for BIF accuracy values for a single aralysis that contained only
HPG phenotypes, and the multiple trait model that include@ ldiRd Pre-WG are contained in
Table 3.5. Overall, an increase in accuracy values can be seéme fonultiple trait model
compared to the single trait model. For all animals averageraxy values increased 12%,
parents of animals with observations accuracy values incréfecnd non-parents average
accuracy values increased43

The genetic evaluation of HPG using information from correlataitisthas the most
promise with Pre-WG as it had the strongest genetic oakdtip withHPG. This trait can be
used in routine genetic evaluation as a correlated trampoove the accuracy of HPG genetic
predictions. Pre-weaning gain lends itself to be an ideadatat trait because it can be easily
and cheaply recorded, measured on both sexes, and occurs before drdisions are magde
maximizing the amount of data that is available fa& évaluations. An additional outcome of
this study is that selection for improving weight and carca#s should not have a negative

effect on the ability of a female to become pregnant during her firstlimge season.
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Table 3.1 Description of pedigree used for two-trait analyses with heifer preysamtc
production traits in Red Angus Cattle.

Trait Total number of Number of unigue  Number of unique
animals sires dams
Birth weight 248,082 17,104 111,258
Pre-weaning gain 236,506 16,697 107,216
Weaning weight 236,507 15,378 107,216
Post weaning gain 190,981 15,428 91,569
Yearling weight 192,849 12,354 92,324
Scrotal circumference 117,314 11,655 63,626
Rib eye area 90,960 11,655 53,716
Backfat 90,933 11,653 53,723
Marbling score 90,791 11,656 53,689
Hot carcass weight 91,000 12,536 53,726
Ultrasound rib eye area 128,833 12,536 67,806
Ultrasound backfat 128,881 12,536 67,826
Ultrasound 128,834 12,536 67,809

intramuscular fat
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Table 3.2 Summary statistics for heifer pregnancy (HPG), birth weight (BVéaning weight
(WW), post weaning gain (PWG), yearling weight (YW), scrotal circumtargi$C), rib eye
area (REA), backfat (BF), marbling score (MARB), hot carcass weight (H@Qltvasound rib
eye area (UREA), ultrasound backfat (UBF), ultrasound intramusfaalddIMF) in Red Angus
cattle used in this analysis.

Trait n Mean S.D. Minimum Maximum
HPG, % 29,322 0.77 0.42 0.00 1.00
BW, kg 141,436 36.08 5.46 11.00 63.00
Pre-WG, kg 134,202 220.07 38.00 68.00 409.00
WW, kg 134,202 256.19 40.16 90.26 454.05
Post-WG, kg 101,916 160.00 63.84 1.00 477.00
YW, kg 103,334 418.51 83.64 158.30 809.21
SC,cm 20,389 35.34 2.77 21.64 49.33
REA, cn? 2,372 81.51 9.40 35.48 119.35
BF, mm 2,404 14.01 4.03 0.51 30.48
MARB 2,234 5.44 1.08 1.24 9.60
HCW, kg 2,409 369.96 39.74 233.60 510.29
UREA, cn? 39,227 71.06 13.43 24.52 124.52
UBF, mm 39,274 5.60 2.24 0.51 16.76
UIMF, % 39,113 3.56 0.97 0.59 8.37
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Table 3.3 Estimates of parameter variance, phenotypic variance, fitiytéh? + S.E.), and
permanent environment effectg ¢€S.E.) for production traits and heifer pregnancy in Red
Angus cattle.

Trait Parameter Phenotypic h? c?
variance variance

HPGo 0.14 1.14 0.12 +0.0%

BWb 27.25 46.65 0.58 £ 0.01

PreWGp 360.09 1,431.13 0.25+0.01

PreWGwm 151.15 1,431.13 0.11 £0.01

PreWGpe 199.72 1,431.13 0.14 £0.00
WWp 442.35 1,508.69 0.29 £0.01

WWwm 154.30 1,508.69 0.10£0.01

WWpe 212.53 1,508.69 0.14 £0.00
PostWGp 344.49 1,532.42 0.22 £+0.01

YWb 987.04 3,056.03 0.32 £0.01

YWwm 166.38 3,056.03 0.05+£0.01

SG 2.43 5.25 0.46 £0.02

READ 3.56 9.74 0.37 £0.07

BFp 0.14 0.52 0.27 £0.06

MARBD 0.32 0.80 0.40 £ 0.06

HCWb 482.69 1,969.41 0.25 £ 0.06

UREAD 3.33 8.19 0.41£0.01

UBFb 0.03 0.10 0.35+0.01

UIMFp 0.18 0.50 0.38 £0.01

HPGo = heifer pregnancy dire¥); BWb = birth weight direct (kg); Pré&¥Gp = Pre weaning
gain direct (kg); Pr&/Gwm = Pre weaning gain maternal (kg); R¥&Spe = Pre weaning gain
permanent environment of the dam (kg); WWweaning weight direct (kg); WW= weaning
weight maternal (kg); W\AE = weaning weight permanent environment if the dam (kg); Pos
WGp = post weaning gain direct (kg); YWE yearling weight direct (kg); YW = yearling
weight maternal (kg); S§> scrotal circumference direct (cm); REA rib eye area direct (cin
BFp = backfat direct (mm); MARB = marbling score direct; HCW¥\= hot carcass weight direc
(kg); UREAb = ultrasound rib eye area direct ®@MJUBFp = ultrasound backfat direct (mm)
UIMFp = ultrasound intramuscular fat dirgeb).

’Reported as the average of heritability estimates and largestf @lEiwo-trait analyses

between heifer pregnancy and production traits.
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Table 3.4 Estimates of genetic covariance, residual covariance, genetitatiorreand
residual correlation between heifer pregnancy (HPG) and productionnrBisl Angus cattle

Trait Genetic Residual Genetic Residual

covariance covariance correlation correlation
BWb -0.08 0.02 -0.06 £ 0.05 0.01 +0.01
PreWGp 1.12 0.79 0.24 £0.08 0.04 +0.01
PreWGwm 0.00 0.79 0.00 +0.09 0.04 £0.01
WWp 0.94 0.80 0.18 £0.08 0.04 +0.01
WWw 0.07 0.80 0.02 £0.09 0.04 +0.01
PostWGp 0.30 0.59 0.06 +0.07 0.03+0.01
YWb 1.46 1.53 0.21 £0.07 0.14 £0.03
YWwm 0.01 1.53 0.00+£0.11 0.14 +0.03
SG -0.03 0.00 -0.06 £ 0.09 0.00 +0.00
READ 0.37 0.00 0.21+£0.21 0.00 +0.00
BFo -5.54 0.00 -0.08 £0.23 0.00 +0.00
MARBD -0.17 0.00 -0.08 £0.19 0.00 +0.00
HCWb -0.16 0.00 -0.03+£0.25 0.00 +0.00
UREAD 0.27 0.16 0.16 £0.08 0.03+0.01
UBFb 0.05 0.17 0.14 £0.08 0.01£0.01
UIMFp 0.01 0.01 0.06 £ 0.08 0.02 +0.01

BWbp = birth weight direct (kg); Pré&¥Gp = Pre weaning gain direct (kg); PvéGm = Pre
weaning gain maternal (kg); Wh\= weaning weight direct (kg); WW = weaning weight
maternal (kg); WWEe = weaning weight permanent environment (kg); RU&e = post
weaning gain direct (kg); YW = yearling weight direct (kg); YW = yearling weight
maternal (kg); S€&= scrotal circumference direct (cm); REA rib eye area direct (cin
BFo = backfat direct (mm); MARB = marbling score direct; HCW/= hot carcass weigl
direct (kg); UREA = ultrasound rib eye area direct @mUBFo = ultrasound backfat direc
(mm); UIMPFp = ultrasound intramuscular fat direct (%).
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Table 3.5 Summary of Beef Improvement Federation accuracy values estifmatedingle trait
model for heifer pregnancy (HPG) and multiple trait model with HR@GRre-weaning gain.

All Animals Parent$ Non-parent$
Model Mean Min Max SD Mean Mean
Univariate 0.057 0.000 0.660 0.044 0.081 0.054
Multiple trait model 0.064 0.000 0.660 0.046 0.083 0.061

tAnimals that were parents of a female with a heifer pregnancy aliseryv
2Animals that were not parents of a female with a heifer pregrabssrvation
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CHAPTERIV

GENETIC PARAMETERS FOR PRODUCTION TRAITS AND STAYABILITY IN RED
ANGUS CATTLE.

SUMMARY:: Stayability (STAY) EPD is a prediction of the prdtidgy of a female to remain
productive in the breeding herd until she has produced five agnsecalves by age.6
However, this age of measurement introduces an extended period befootypit observations
are available. One possible solution to overcome the latefageasurement is to examine the
relationship between STAY and traits that can be recorded earlif. iHerefore, the objective
of the study was to investigate the genetic relationshipselestv6TAY and other typically
recorded production traits. The traits that were examined includet weight (BW), 205
pre-weaning again (direct and maternal, Rf6p, PreWGw), 205-d weaning weight (direct and
maternal WWbp, WWw), 160-d post weaning gain (Post-WG), 365-d yearling weight (dirett a
maternal, YW, YWw), scrotal circumference (SC), rib eye area (REA), backfat (BF),limgrb
score (MARB), hot carcass weight (HCW), ultrasound rib eye area (URHFr9sound backfat
(UBF), ultrasound percent intramuscular fat (UIMF), mature wef{yyhtV), teat score (TS),
udder suspension score (US), and BCS. Data included records on 153,376 aoméie fRed
Angus Association of America. Genetic relationships were detednifrom (co)variance
parameters, estimated using a series of two trait animallsnaite a REML procedure. In all
analyses, the appropriate contemporary groups were formeceuoded as a fixed effect, as
well as, the direct genetic effects as a random varialleitional fixed effects included: sex for
all weight, carcass and ultrasound traits, age of dam for all wedagtst and age of measurement

for UREA, UBF, UIMF, REA, BF, MARB, HCW, BCS, TS, US, and MW. Additionally,
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matenal genetic effects for Pre-WG, WW and YW were also modelesrm&nent
environmental effects of the dam were modeled for the traitdM&e and WW. Permanent
environment of the individual for traits with repeated records sscMW, BCS, TS, and US
were also included. Heritability estimates were 0.56 + 0.01, 0.23 £ 0.01, 0.10 £ 0.01, 0.27 £0.01
0.10 £ 0.010.24 + 0.01, 0.33 +£0.01, 0.06 + 0.01, 0.49 + 0.03, 0.26 + 0.08, 0.24 + 0.07, 0.30 +
0.08, 0.26 + 0.07, 0.38 + 0.02, 0.40 + 0.02, 0.39 £ 0.02, 0.71 £ 0.02, 0.70 £ 0.02, 0.57 = 0.02,
0.27+ 0.02, and 0.10 for BW, PM/Gp, PreWGwm, WWp, WWw, Post-WG, YW, YWwm, SC,

REA, BF, MARB, HCW, UREA, UBF, UIMF, TS, US, MW, BCS, and STAY, respazti.
Genetic correlations were highest between STAY andw\(W/54 + 0.05), YW (0.36 = 0.07),

BF (0.53 + 0.20), MARB (0.40 + 0.20), UREA (0.19 + 0.07), UBF (0.37 + 0.07), TS (0.30 +
0.11), and US (0.23 £ 0.11). Whereas, relationships between STAY and othestiprothaits

were minimal.

Key Words: beef cattle, genetic correlation, stayability

INTRODUCTION

Improving the overall female reproductive performance haaliligy to greatly improve
the economic viability of a cow calf enterprise. Two of theatgst costs in beef cattle
production are associated with the feeding of the cow herd, ardogenent of replacement
heifers entering the breeding herd. These costs are offset bylttyeaddemales within the herd
to produce viable calves each year. The importance caltubated using economic models
that estimate the economic value of reproductive traits thdbetimes more important than that
of weight and carcass traits at the cow calf level (Melton, 1995).

Stayability STAY) EPD is a prediction that was developed to indicate the piiipaif
beef females to remain in the herd for a predetermined numbesrac$. Traditionally, STAY

EPD was defined as the ability to remain in the herd todatibaal break even age of 6 years
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given that she has had a calf at 2 years of age (Snelling 80@b). Currently, the Red Angus
Association of AmericaRAAA) defines STAY as the ability of a female to have 5 consexut
calves that are born within the same season eaah starting as a two year old . The current
RAAA definition is more strict and allows the ability telsct for females that better recover and
rebreed in successive years (Martinez et al., 2005).

One of the biggest issues faced when making genetic predittioadrait like STAY is
extended period before an observation is available. The ageastimenent for STAY is 6 years
of age and sires therefore do not start receiving observatiodaugiters until 8 years of gge
greatly expanding the time required before an accurate predaftstayability can be made. To
alleviate these issues, Brigham et al. (2007) investigated 83iAY records at younger ages as
correlated traits to 6 year old STAY. While this reduced tie tiequired for an observation for
a female to 3 years of age, sires are still 5 years of age before progeny obseivations.

Currently there are two main strategies for making genetic predictionsroals prior to
phenotyps being recorded. One method is to use genomic predictions. Adseotution is to
use correlated traits that can help predict future perform@anc&TAY. However, information
on the correlations of early-life measures and stayabditymited. Therefore, the objective of

this research was to estimate genetic associations between StiAdraous production traits.

MATERIALS AND METHODS
Data used in the analysis was obtained from an existatgbase of the RAAA, so
approval by animal care and use committee was not obtained.
Data files for the analysavere formed beginning with animals that were included in the
2014 winter STAY national cattle evaluation. To avoid computati@sales associated with

estimating heritability from very large data sets, the lmasep of animals that served as the
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foundation of the analysis was limited to females witlsBAY observation and that were
members of a STAY contemporary group of 60 or more animals. fhergahenotypes for other
traits the RAAA defined birth work group was used because it graupsabs that are from the
same ranch or herd. This approach yielded a list of 152,376 animals athiecords were used
for the analyses.

Production traits used in the analysis included: birth we{BhY), 205-d pre-weaning
gain(direct and maternal, PreeWGp, Pre-WGw), 205-d weaning weight ( direct and maternal,
WWbp, WWw), 160-d post weaning gairPg@st-WG), 365-d yearling weightdfrect and
maternal, YWp, YWw), scrotal circumferenceSC), rib eye area REA), backfat BF),
marbling score NIARB), hot carcass weightHCW), ultrasound rib eye aredJREA),
ultrasound backfatUBF), ultrasound percent intramuscular fall 1F), teat scoreTS), udde
suspension scordJg), mature weight NIW), and body condition scor&CS) in Red Angus
cattle.

Binary observations for STAY were formed from calving outcomesrder for a female
to receive a successful observation (1), she must have producesl icéb/successive years with
all progeny must be born in the same seagoB8 (months of previous years calving month). If a
female failed to meet these requirements, then she was givensuccessful observation of 0.
For the traits R-WG, WW, Post-WG, YW, and SC, observations were adjusted to an age
constant end point of 205 d, 205 d, 160 d, 365 d, and 365 d, respectively. Obsefeatiidv
were adjusted to a constant BCS of 5 based on factors report@@nmant et al. (2002)
Phenotypic records for all traits were removed from the anaifygigher the animas age at
measurement was greater than 5 SD from overall mean, ohémetypic observation was 5 SD

greater than the overall mean.

58



Contemporary group&CG) for each trait were formed in a similar manner to those used
in the national cattle evaluation. Breed codBE€) was defined as an animal that were 87.5
percent Red Angus or greater, or animals that were between S87ahgercent Red Angus.
Animals that contained any Brahman influence were separateseipémate BC subcategories a
described previously. Formal definitions of all contemporary groupd us the analysis are
presented in Table 4.1. For udder traits and BCS, contemporaiy wae defined as the calf’s
birth contemporary group when the measurement was takeareMaeight contemporary group
was defined as the calf’s weaning contemporary group when the cow weight was taken. If an
animal was a member of a CG that exhibited no variationCthevas converted to unknown
The total number of CG for STAY, BW, Pre-WG, WW, Post-WG, YW, BEA, BF, MARB,
HCW, UREA, UBF, UIMF, TS, US, MW, and BCS were 462; 3,569; 4,779; 4,776; 4,678; 4,474,
832; 46; 47, 39; 47; 2,105; 2,099; 2,104; 148; 160; 1,597; and 1,264, respectively. Average CG
size were 94, 44, 30, 30, 19, 20, 17, 36, 36, 37, 37, 13, 13, 13, 7, 7, 19, and 22 for the traits
STAY, BW, Pre-WG, WW, Post-WG, YW, SC, REA, BF, MARB, HCW, UREA, UBF, UIMF,
TS, US, MW, and BCS.

Fixed and random effects included in the model for each tmisammarized in Table
4.2. All analyses were performed as a series of two trait &mrodels using the ASREML 3.0
software package (Gilmour et al., 2009). Due to the binary nature AY Sdbservations were
converted to an underlying normal distribution using a probit link tlancwhich restricts
residual variance to 1 (Gianola and Fouley, 1983; Harville and We#4), alternatively, all
other traits were analyzed as continuous outcomes. Acroasaises, the fixed effects ofaC
and the direct genetic random effects were included in thdeim&ex of individual at

measurement was fit for all weight, carcass, and ultrasouitsl t&ex classifications for birth
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weight were defined as bull and heifer, whereas, all other s@atsvas defined as bull, heifer,
and steer. Age of dafdOD) was included as a categorical, fixed effect in all weightst(&@W,
PreWG, WW, Post-WG, andrW) to model age-related differences in maternal environments
provided by dams (Rumph and Van Vleck, 2004). Classes for AOD weredéfimccordance
with BIF guidelines of 2, 3, 4, 5-9, 10, and 11+ years of age (BIF, 2011)inElae effect of age

of measurement was included for REA, BF, MARB, HCW, UREA, UBF, UIM&, US, MW,

and BCS. Maternal genetic effects were modeled for Pre-WG, WW, #WdTYie permanent
environmental effects of the dam were included for WW andWRgg-whereas, the permanent
environmental effects of the individual were included for TS, US, MW, BCS as these traits
are repeatedly recorded on the same individual.

A three generation pedigree was formed for each two trait @i@alging animals with
observations for STAY and the production traits. Pedigree infeoomdor all analyses are
summarized in Table 4.3. Within each analyses a total of 100,769 animaimeheded in every
analysis because they were sires/dams or grand sires/gramsd alaanimals with a STAY
observation that was used in every analyses. Deviationstfiis number represents the amount
of animals added to the evaluation for the other production traits.

Since carcass traits and SC phenotypes could not be recorded on thedsaicheal with
a STAY observation, the residual covariance of these traits SWiAY were restricted to zero.
Due to limited number of animals with both phenotypes reshrdhe residual covariance for

STAY with udder traits and BCS were also constrained to be zero.

RESULTS AND DISCUSSION
Table 4.4 presents summary statistics for-all traite dVverall success rate for STAY

was 0.28, indicating that only a small portion females entgniaduction were able to remain in
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the herd and produce five consecutive calves. This estimate of s(@@8svas consistent with
the range of estimates, for various breeds, published in literatureir@@tagt al., 2005; Van
Melis et al., 2010). In beef cattle, the desire to maintaialang interval of 365 d is common,
and is achieved by rebreeding females within 80 days following pgemu¢Short et al., 1990).
This restricted time may cause the low success rateralés that might be able to produce five
successive calves.

Heritability estimates from the current study are preskim Table 4.5. The heritability
edimate for STAY was 0.1& 0.01 (reported with the largest standard error) and was calculated
by averaging variance estimates across all two araafyses. Historically, heritability estimates
for STAY varied from population to population, but additionaliaaility in heritability estimate
result from the differences in the definition of the trait. keréford cattle, Martinez et al. (2005)
achieveda heritability estimate of 0.30 + 0.14, for the ability of a fem@leemain in the herd
until six years of age, and a heritability estimate of 0.8618 for the ability of a female to have
5 consecutive calves. Comparing these parameters to the iligriggtimates by Snelling et al.
(1995) that ranged from 0.11 to 0.23 for the ability of a female te lfaeonsecutive calves on
two farms using several analysis techniques, the varialiligstimates is evident. The current
estimate was lower than the results presented in previousateseawever, the low heritability
estimate for STAY from this study were not insensibleegithe generally low estimates
commonly associated with reproductive traits (Cammack et al., 2009).

For the production traits in the analysis, heritabilgyireates were moderate to high in
magnitude. Estimates for BW (0.56 + 0.01), SC (0.49 + 0.03), TS (0.71 + 0.02), US+(0.70
0.02), and MW (0.57 £ 0.02), were high in magnitude. The current estinméd®\favas higher

than the weighted average estimate of 0.31 + 0.003 reported by &toait (1994a), however,
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the estimate was similar to the heritability (0.47) usedh& current RAAA National Cattle
Evaluation (BIF, 2011). Heritability estimates in the currentyaigifor udder traits were higher
than those reported by Bradford et al. (2015). This might be a idstiie limited amount of
records used in the analysis. Out of the 2,432 records used in thys ety 28 percent of
females had multiple observations, and 79 percent of thewdetavithin 1 S.D. of the mean
This may explain why the permanent environmental effects for tregewere 0.00 + 0.00 and
why heritability is high. Heritability estimate for M\as within the range of 0.44 to 0.66 of
previously published estimates (Nephawe et al.,, 2004; Williamsl.et2@09). Permanent
environment effects for MW accounted for 0.16 = 0.02 of the totawee and the repeatability
was estimated at 0.73 £ 0.01 in the current analysis. This ¢St consistent with previous
estimates of 0.15 and 0.72 for permanent environment and repeatability (Mdegthalvy 2004).
Other production traits used in this analysis had moderatgalhibty estimates.
Heritability estimates for the growth traits in the curréntg were lower than those reported by
Winder et al. (1990), however, they were more consistent withettent estimates of 0.26 +
0.03, 0.14 + 0.02, and 0.19 £ 0.01, for WWWWwm, and WW permanent environment in Red
Angus cattle (Speidel et al., 2007). Maternal heritability fo-\W@ and WW in the current
analysis was 0.10 + 0.01 and permanent environmental effects were 0.Q8. £urthermore,
the estimated genetic correlation between direct and rahteffects of PreA/G were -0.32 +
0.03 and -0.30 + 0.03 for WW. Heritability estimate for Post-WG wiaslar to the current
estimate (0.22) used in the Red Angus genetic evaluation (BIF, 2011). Dacechaernal
heritability for YW are consistent with the weighted ageraf direct heritability (0.33 £ 0.004)
and the unweighted average of 0.11 + 0.06 for maternal heritabiliypt¢Ket al., 1994a)

Heritability estimates for carcass and ultrasound tragsevilower than those reported by Crews
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et al. (2003) and Su et al. (2016), using Simmental cattle. Carcdssheatability were also

lower than published estimates by Nephawe et al. (2004). loutent analysis, heritability

estimates for BCS were higher than those reported by Ararglo (@002) and Nephawe et al.
(2004)whose estimates were consistent at 0.16 + 0.02 .

Table 4.6 presents genetic and residual covariance and corredstimates between
STAY and the other production traits. Maternal genetic ampts of Pre-WG, WW andW
were strongly correlated with STAY. Culbertson (2014) examinedetdéonship between milk
production and STAY in Red Angus cattle, and determined the relaiomsés non-linear.
Conversely, Rogers et al. (2004) found that as milk EPD increaseuskhatio of a cow being
culled also increased. This might be due to the environmermothis in that study produced in
where they may over produce given environmental resources becauseadsquate
accumulation of fat reserves. However, in dairy cattle, as mildyateon increases the relative
culling rate decreased (Vukasinovic et al., 2001). This can bbuéd to that the highest
producing cows are the most beneficial in a dairy herd and oatigigenerally not a problem
within these herds. Maternal traits again offer little advgateo more traditional methods of
measuring STAY. This is due to the fact that in order forra & gain added accuracy for
maternal traits his daughters must produce calves to modeligyeifeerences for maternal
effects.

Carcass and ultrasound traits showed varying degrees of gerlationships with
STAY. The traits REA, HCW, and UIMF all had S.E. that encomgh$se The genetic
correlation between STAY and MARB was moderate and pesitwiereas, the correlation with
UIMF was near 0. This may be due to the limited marbling score phesotised in the analysis

or to the imperfect genetic relationship between MARB and UIMEneg&lly, correlations
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between MARB and UIMF are high (> 0.7) so the conflicting resulte waexpected (Crews et
al., 2003; McAllister et al., 2011). Correlations between STAY aoith BF and UBF were
positive and moderate to high in magnitude. These results sufgestattle with a genetic
predisposition to deposit a higher amount of subcutaneous €athalsee a higher chance to
rebreed and produce 5 consecutive calves. Subcutaneous fat phenotypEs adf@ntage as an
indicator trait for STAY because they can be collected catnger ages on both males and
females, especially via ultrasound backfat measures. Thesenaraltyecollected at one year of
age and before a female enters the breeding herd.

Genetic relationships were negligible between STAY and BY®¥WGp, WWb, Post-
WG, YWb, SC, REA, HCW, UIMF, MW, and BCS. The additive genetic correlatadngeight
traits (BW, Pre-WG, WW, Post-WG, and YW) with STAY were negatand weak in
magnitude, whereas the genetic correlation with STAY and WB& positive. In Chanchim beef
cattle, Buzanskas et al. (2010) reported weak genetic correlatimedre 420-d weight and
STAY. Conversely, Eler et al. (2014) estimated a moderateiygogienetic correlation between
Post-WG and STAY. Alternatively, in the current analyaisyeak negative genetic association
between STAY and Po¥G was estimated. The different results may be attributebetdaict
that, in previous research, results were drawBasndicus females that generally experience
puberty at later age. Rogers et al. (2004), using a survival regressilysisanf Bos Taurus
composite cattle, showed that BW and 365 d BW did not significéiatly0.1) affect the length
of the productive life in a cross bred population.

In the current study, mature cow traits were not strongly correlated witly SBéckman
et al. (2006) also estimated genetic correlations between STAY and BG&, &8, and 4 years

and reported they were not different from O in Red Angus cattlen #eigh BCS is commonly
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promoted as a tool to diagnose the nutritional status of aatttgder to prepare them for
breeding, the discrete nature and distribution of both BCS andr $Fésent challenges for
determining the genetic relationship between the traits. Additignaking BCS are used to
adjust feeding strategies so that all animals are in adeqoatktion at the beginning of the
breeding season, and if this goal is accomplished may axplay there is no relationship
between the traits.

Moderate positive correlations were estimated between udder (f&8 and US) and
STAY. The highest achievable score of 9 would be consideredigétyor suspension and very
small for teats (BIF, 2011) and this would be considered to bdeah $score (Bradford et al.,
2015). A positive correlation between the traits would signift tows with less pendulous
udders are more likely to remain in the herd, because femdledavger and more pendulous
udders can have a higher chance of issues with calves beiagtaaliurse (Ventorp and
Michanek, 1992). However, in terms of decreasing the age of measuramdder traits offer
little advantage over using calving data at younger ages, bechsegvations are taken at the
birth of a calf (BIF, 2011).

Residual correlations between the production traits and STAM Wow in magnitude.
Residual correlations between STAY and growth traits trenligictlg negative but were close
to 0. Additionally, residual correlations between STAY and uwad traits could not be
identified as different from 0. Mature weight had a positiveratation with STAY. This
correlation would indicate that an environment that promoteglteer MW would also increase
the probability of a successful STAY observation. Given irs tAnalysis that all MW
observations were pre-adjusted to a consistent BCS of 5, the engmtal correlation signifies

that cows with a larger weight have a higher probability oA % Buccess. All other traits in the
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analyses had residual correlations that were fixed at O duénéo e inability for an animal to
express both phenotypes or due to a lack of data and convergence wheartteggraras not 0.

Average BIF accuracy values for STAY in both a single trait andipleitrait model that
included UBF are summarized in Table 4.7. For all groups of animalsamy values increased
for the multiple trait model when compared to the singdé todel. For all animals, average
accuracy increased 31%, for parents of an animal with a STAY \ali&esr average accuracy
increased 27%, and non-parents average accuracy increased 34%.

Overall, genetic relationships between STAY and other produatits twere low to
moderate in magnitude. The trait that offers the best opportunién andicator trait for STAY is
UBF. The inclusion of this trait into STAY genetic evaluatieitl add information from both
males and females at approximately a year of age. Thifuit Z2years before observations are
taken for even multiple trait STAY (Brigham et al., 2007). Thif§ allow increasing STAY
accuracy of prediction for young sires by using both phenotypesal® r8TAY genetic

predictions.
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Table 4.1 Formal definition of all contemporary groups used for stayability @moduction trait
evaluation in Red Angus cattle.

Contemporary Group Definition

Stayability Breeder of the individual, breeder of each calf, year of birth of
individual

Birth (BCG) Birth work group, birth management grotjbreed codé seasoh
and year of birth

Weaning (WCG) Weaning work grouf) weaning management cédbreed codé
birth work group, weaning date

Yearling (YCG) WCG, yearling work groufy yearling management cade

Ultrasound YCG, ultrasound management cédgtrasound date

Carcass Owner, harvest date

!Parameters defined by the Red Angus Association of America

’Producer submitted information

3Defined as greater than 87.5 percent Red Angus, 50-87.4 percent Red Angas tlggead7.5
percent Red Angus with Brahman influence, 50-87.4 percent Red Angus with &r:
influence.
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Table 4.2 Description of models used for STAY and production traits in Red AngueCattl

Fixed Effects Random Effects
Trait Contemporary Sex Age AOD? Additive Maternal Permanent
Group Genetic  Genetic  Environment
Effects Effects Effects
STAY STAY No No No Yes No No
BWT Birth Yes$ No Yes Yes No No
PreWG Weaning Yest No Yes Yes Yes Yes
ww Weaning Yes* No Yes Yes Yes Yes
PostWG Yearling Yest No Yes Yes No No
YW Yearling Yest No Yes Yes Yes Yes
SC Yearling No No No Yes No No
REA Carcass Yest Yes No Yes No No
BF Carcass Yest Yes No Yes No No
MARB Carcass Yest Yes No Yes No No
HCW Carcass Yes Yes No Yes No No
UREA Ultrasound Yest Yes No Yes No No
UBF Ultrasound Yest Yes No Yes No No
UIMF Ultrasound Yest Yes No Yes No No
TS Calf Birth No Yes No Yes No Yes
us Calf Birth No Yes No Yes No Yes
MW Calf Weaning No Yes No Yes No Yes
BCS Calf Birth No Yes No Yes No Yes

ISTAY = stayability; BWT= birth weight; Pre-WG = Pre-WeaningilGaVW = weaning
weight; PosWG = post weaning gain; YW = yearling weight; SCscrotal circumference; RE,
= rib eye area; BF = backfat; MARB = marbling score; HEWot carcass weight; UREA
ultrasound rib eye area; UBF = ultrasound backfat; UIMF = ultnagontramuscular fat; TS :
teat score; US = udder suspension score; MW = mature weight; BCS = bodyorosclitie.
’defined as 2, 3, 4,510 9, 10, and 11+ years of age
3defined as bull and heifer

4defined as bull, heifer, and steer
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Table 4.3 Description of pedigree size for all two trait analyse wiaiyability in Red Angu
cattle.

Trait Total pedigree Number of unique  Number of unique
size sires dams

Birth weight 251,696 14,741 104,226
Pre-weaning gain 235,885 14,472 99,878
Weaning Weight 235,877 14,472 99,874
Post weaning gain 186,017 13,442 86,313
Yearling Weight 186,017 13,433 86,313
Scrotal circumference 120,611 11,764 65,710
Rib eye area 102,714 11,456 59,350
Backfat 120,760 11,457 59,361
Marbling 102,439 11,455 59,243
Hot carcass weight 102,764 11,457 59,362
Ultrasound rib eye area 126,816 11,861 67,436
Ultrasound backfat 126,855 11,861 67,451
Ultrasound intramuscular 126,744 11,861 67,420
fat

Teat score 101,721 11,487 59,172
Udder score 101,721 11,487 59,172
Mature weight 103,934 11,528 60,186
BCS 103,934 11,528 60,186
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Table 4.4 Summary statistics for phenotypic measures in Red Angus cattle useddoatyss.

Trait N Mean S.D. Minimum  Maximum
Stayability (%) 43,328  0.28 0.45 0.00 1.00
Birth weight (kg) 159,204 36.14 5.31 11.34 62.14
Pre-weaning gain (kg) 144,198 219.27 38.90 52.62 448.15
Weaning Weight (kg) 144,198 255.36 41.09 76.66 454.95
Post weaning gain (kg) 92,842 169.06 64.11 0.91 465.84
Yearling Weight (kg) 90,563 430.94 86.39 156.49 746.61
Scrotal circumferencecfn) 15,185 34.99 6.67 22.03 47.15
Rib eye area (cf) 1,676 82.26 9.42 35.48 119.35
Backfat (mm) 1,717  14.22 4.32 0.51 34.80
Marbling (score) 1,459 5.51 1.09 0.30 9.60
Hot carcass weight (kg) 1,721  371.77 38.15 239.04 498.04
Ultrasound rib eye area(&mn 29,406 70.97 12.84 24.52 122.58
Ultrasound backfat (mm) 29,477 5.84 2.29 1.02 16.76
Ultrasound intramuscular féo) 29,269 3.64 1.01 0.51 8.69
Teat score 2,483 5.38 2.03 1.00 9.00
Udder score 2,483 4.94 2.02 1.00 9.00
Mature weight (kg) 30,599 537.49 90.21 210.92 893.58
BCS 30,646  5.15 0.99 1.00 9.00
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Table 4.5 Estimates of parameter variance, phenotypic variance abiitit (h* + S.E.), and
permanent environment effects’ & S.E.) for production traits and stayability in Red Ang

cattle.

Trait Pargmeter Phepotypic P 2
Variance Variance

STAYp 0.11 1.11 0.10 +0.0%

BWTb 24.62 43.71 0.56 £0.01

PreWGp 342.41 1408.54 0.24 £0.01

PreWGwm 146.39 1408.54 0.10+£0.01

PreWGepe 189.66 1408.54 0.13 +0.00

WWob 422.33 1564.44 0.27 £0.01

WWwm 158.06 1564.44 0.10+0.01

WWee 202.91 1564.44 0.13+£0.00

PostWGp 408.75 4414.32 0.24 £0.01

YWp 1097.07 3234.75 0.34 £0.01

YWwm 212.46 3234.75 0.07 £0.01

SG 2.64 5.45 0.49 £0.03

READ 2.55 10.00 0.26 £ 0.08

BFp 0.15 0.64 0.24 £0.07

MARBD 0.24 0.80 0.30£0.08

HCWb 496.18 1941.06 0.26 £0.07

UREAD 3.02 7.86 0.38 £0.02

UBFb 0.04 0.10 0.40 £0.02

UIMFpb 0.22 0.56 0.39 £0.02

TSo 2.07 2.93 0.71 £0.02

TSpe 0.00 2.93 0.00 £ 0.00

USo 2.16 3.09 0.70 £0.02

USrke 0.00 3.09 0.00 £0.00

MWp 3606.96 6375.24 0.57 £0.02

MWpe 1017.38 6375.24 0.16 £0.02

BCS 0.14 0.54 0.27 £0.02

BCSee 0.10 0.54 0.18 £0.01

ISTAY = stayability; BWT= birth weight; Pre-WG = pre weaning gain; WW = wegmieight;
PostWG = post weaning gain; YW = yearling weight; SC= scrotal circumts&eREA = rib
eye area; BF = backfat; MARB = marbling score; HGA\hot carcass weight; UREA
ultrasound rib eye area; UBF = ultrasound backfat; UIMF = witrag intramuscular fat; TS
teat score; US = udder suspension score; MW = mature weight; BCS = body caubtien

’Reported as the average of heritability estimates andsta@LE. of all two-trait analyse

between Stayability and production traits.
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Table 4.6 Estimates of genetic covariance, residual covariance, garwtelation, and residuz

correlation between stayability (STAY) and production traits in Regu& cattle.

Trait Genetic Residual Genetic Residual
covariance covariance with Correlation Correlation
with STAY STAY With STAY With STAY

BWb -0.04 -0.09 -0.03 £ 0.04 -0.03£0.01

PreWGp 0.01 -0.33 0.00 +0.06 -0.02 £0.01

PreWGw 1.54 -0.33 0.54 £0.05 -0.02 £0.01

WWob -0.13 -0.44 -0.03 £ 0.06 -0.02 £0.01

WWwm 1.64 -0.44 0.55+£0.05 -0.02 £+ 0.01

PostWGp -0.40 -0.19 -0.09 £ 0.05 -0.01 £ 0.01

YWp -0.55 -0.61 -0.07 £ 0.06 -0.06 £ 0.03

YWwm 1.20 -0.61 0.36 +0.07 -0.06 £ 0.03

SG 0.03 - 0.04 +0.08 -

READ 0.01 - 0.01+0.21 -

BFo 0.34 - 0.53+0.20 -

MARBD 0.06 - 0.40 £0.20 -

HCWbp 0.67 - 0.14+0.21 -

UREAD 0.27 - 0.19 £ 0.07 0.01 £0.02

UBFp 0.13 - 0.37 £0.07 0.01 +£0.02

UIMFpb 0.00 - -0.01 £ 0.07 0.01 £0.02

TSp 0.14 - 0.30+0.11 -

USo 0.11 - 0.23+0.11 -

MWbp 0.17 1.91 0.01 £0.06 0.07 £0.02

BCS 0.01 - 0.05 +0.07 -

ISTAY = stayability; BW= birth weight; Pré&¥G = pre-weaning gain; WW = weaning weig|
PostWG = post weaning gain; YW = yearling weight; SC= scrotal circumfsgREA = rib
eye area; BF = backfat; MARB = marbling score; HGAhot carcass weight; UREA
ultrasound rib eye area; UBF = ultrasound backfat; UIMF = ultnagontramuscular fat; TS :
teat score; US = udder suspension score; MW = mature weight; BCS = body cauhtien
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Table4.7 Summary of Beef Improvement Federation accuracy values estifmatedingle trait
model for stayability (STAY) and multiple trait model with STAYdamtrasound backfat.

All Animals Parent$ Non-parent’
Model Mean Min Max SD Mean Mean
Univariate 0.058 0.000 0.620 0.044 0.073 0.053
Multiple trait model 0.076 0.000 0.660 0.053 0.093 0.071

tAnimals that were parents of a female with a stayability obderva
2Animals that were not parents of a female with a stayabitiseovation
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