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Figure 1. Genetic merit for calving ease on the underlying scale (y-axis) against
birthweight in Ibs (x-axis) showing the means for index selection with varying economic
values of the best 40% (i-bar = 1) on the outer ellipse representing true genetic merit and
the inner ellipse representing the shrinkage for sires with 50 daughters measured for
calving ease and birthweight. The grey arrow represents selection to reduce birthweight
and the black arrow represents selection to improve calving ease.
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Introduction

For several decades, genetic evaluation procedures have been developed for traits of
economic relevance to beef production. Statistical procedures to accurately predict additive
breeding values in the form of expected progeny differences (EPD) have advanced rapidly.
Current genetic evaluation models, based on Henderson's mixed model equations (e.g.,
Henderson, 1984), provide best linear unbiased predictions (BLUP) of genetic merit, and now
represent the standard for genetic prediction. Other advances, such as standardization of
recording guidelines for performance data (BIF, 2002), increases in computing capabilities, and
the development of specialized genetic analysis software (e.g., Boldman et al., 1995; Gilmour,
1997; Crews et al., 2008) have played significant roles in implementation of models for large
scale genetic prediction, commonly referred to as national cattle evaluation (NCE).

Nearly all purebred beef cattle associations conduct NCE. Although all breeds compute
EPD for basic weight traits (birth, weaning, and yearling), an increasing number of breeds now
conduct research and development programs in genetic improvement that include prototype
traits with economic importance. Golden et al. (2000) revived the concept of economic
relevance as a framework to guide the process of identifying traits for which EPD should be
reported and their indicators in the next generation of NCE programs.

The ERT framework centers on the distinction between economically relevant traits
(ERT) and their indicators. Much of the recent scientific literature has focused on development
of genetic evaluation systems for traits more complex than weight and growth rate. There has
been little concentrated effort to standardize the implementation of prototype traits in beef NCE,
although most of the more than 60 traits currently evaluated by the numerous breeds worldwide
(Golden, 2001) can be characterized as being related to reproductive efficiency, growth
performance, and(or) carcass merit (Crews, 2001). Several traits, commonly measured on beef
cattle, and used for NCE, do not directly impact revenue or cost and are therefore appropriately
termed indicator traits. Because indicator traits are often easier and(or) more cost effective to
measure than the ERT, and have high genetic correlation with the ERT, they remain an
important component of beef NCE worldwide.

Implementation of genetic prediction systems in the beef industry, including data
collection, model development, and routine EPD computation, have resulted in significant and
permanent changes in the genetic potential of cattle populations around the world. In most
populations, however, selection has been primarily aimed at changing the mean of output
(revenue) traits such as weight, fertility, and meat yield (Archer et al., 1999; Crews, 2001). Only
recently has there been renewed research interest in the other component of profitability:

1 Taken in parts from: Crews, D. H., Jr. 2005. Genetics of efficient feed utilization and national cattle evaluation: a
review. Genetics and Molecular Research 4 (2):152-165.
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namely the reduction of inputs (cost). Feed costs and supplementation account for at least 70%
of non-fixed beef production costs. Genetic improvement programs aimed at reducing input
costs will likely include traits related to feed utilization (Archer et al., 1999; Crews et al., 2003).

Traditional Measures of Efficiency

In the scientific literature, numerous measures of production system efficiency can be
found, although efficiency of production in cattle involves a complex of feed inputs and product
outputs of animals across several dissimilar industry segments, which likely involve animals
evaluated at different ages and stages of production. Most early work described efficiency at the
ratio of inputs (e.g., feed) to outputs (e.g., weight gain) within a specific industry segment or
stage of animal production, which leads only to limited insight into the efficiency of the entire
production system. As such, feed conversion ratio (FCR) is the most common measure of
efficiency in the literature, although more than two dozen measures of feed efficiency have been
discussed (Archer et al., 1999). Feed intake and FCR are well known to be phenotypically and
genetically correlated with measures of growth and therefore mature size. For example, in their
meta-analysis of published estimates of genetic parameters for beef production traits, Koots et
al. (1994b) found numerous estimates of the genetic correlation of FCR with weights and rates
of gain ranging from -0.24 to -0.95, which clearly indicate that increased genetic potential for
performance and size is concomitant with improved FCR. Therefore, selection for improved
(decreased) FCR would result in increased correlated genetic responses for growth rates,
mature size, and presumably, mature maintenance requirement. Koots et al. (1994b) further
showed strong evidence that the genetic associations of feed intake with measures of growth
rate and weight were positive, with genetic correlation estimates ranging from 0.25 to 0.79. Of
particular note among these were estimates of the genetic correlations of mature weight with
FCR (-0.14) and feed intake (0.92).

These high estimates of genetic correlation suggest that selection for growth rate would
be expected to result in correlated responses in both feed intake and FCR. A drawback of this
approach is that favorable correlated decreases in FCR due to selection for increased growth
rate are not necessarily correlated to improvement in efficiency. This is strongly supported by
Mrode et al. (1990) in which a line of Hereford cattle selected for lean growth rate had a higher
correlated response in lean feed conversion ratio than the direct response to selection for lean
conversion ratio found in a similar line.

Animals with high genetic potential for growth rate are assumed to have improved (i.e.,
lower) FCR and also have an increased genetic potential for mature size. In addition to being
highly heritable (h? = 0.50; Koots et al., 1994a), mature cow weight has high genetic correlations
(rg > 0.60; Koots et al., 1994b) with growth rates measured at younger ages. Therefore,
selection to directly increase weight and growth rate in juvenile cattle (e.g., at weaning and(or)
yearling) would likely result in strongly positive genetic change in mature size, and presumabily,
maintenance requirements. Archer et al. (1999) pointed out that although FCR may be a
relevant measure of efficiency in industry segments devoted to production of growing animals, if
an increase in feed requirements of the breeding herd (e.g., through increased mature cow size)
offsets the gains in efficiency of market progeny, little to no progress will be made relative to
total system efficiency. These results lead to the conclusion that an alternative measure of
efficiency would be desirable, to reduce the antagonisms of correlated responses, and which
would reflect more the across-segment differences to enable more effective selection for
efficiency.
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Feed Intake

Because feeding of harvested forages and concentrates in the feedlot sector, and
supplementation of the cow herd, intake is clearly a cost-side ERT, accounting for at least 70%
of non-fixed production cost. Among more than two dozen alternative phenotypes described in
the literature as measures of efficiency (Archer et al., 1999), one distinction is whether actual
intake is measured or predicted. As an ERT, feed intake should be considered in the design of
genetic improvement programs, although direct inclusion of feed intake is limited by the costs
associated with appropriate data collection. With respect to growing cattle, approximately 70%
of the phenotypic variance in dry matter intake can be attributed to live weight, average daily
gain, and deposition of major body composition components, leaving approximately 30%
essentially unaccounted for. In their meta-analysis, Koots et al. (1994a) summarized 21 studies
published up to 1992 wherein the heritability of feed (dry matter) intake was reported and the
weighted mean estimate was 0.34. Since that time, seven more recent studies have reported
feed intake heritability estimates ranging from 0.19 to 0.62, although adding these estimates to
the weighting procedure used by Koots and coworkers only changed the weighted estimate to
0.39. Therefore, given a sufficiency of data and accurate selection decisions, genetic
improvement of feed intake should be straightforward.

Koots et al. (1994b) and more recent studies, however, clearly show that feed intake is
highly related to growth and production, with genetic correlations often exceeding 0.50.
Therefore, decreasing selection for feed intake would have the antagonistic correlated response
of decreasing growth rate and other production ERT. Complex, and sometimes antagonistic,
inter-correlations among ERT is common in animal breeding which underscores the need to
consider feed intake and efficiency within the multiple trait context. Summaries have concluded
that alternative measures of feed intake are needed to address the issue of efficient feed
utilization in cattle (Archer et al., 1999; Crews, 2005).

Phenotypic Residual Feed Intake

Residual feed intake (RFI), also referred to as net feed intake and net feed efficiency,
was first proposed for cattle by Koch et al. (1963), and is defined as the difference between
actual feed intake and that predicted on the basis of individual requirements for body weight
maintenance and level of production. The concept was first used after study of several
measures of efficiency, and development of the hypothesis that feed intake could be adjusted
for level of production and maintenance of body weight. Koch et al. (1963) realized that a robust
measure of efficiency would allow for adjustment of feed intake for any of the various
requirements, or “energy sinks” that differentiate industry segments. For example, whereas
hyperplasic and hypertrophic tissue growth may be the major energy requirements for young
growing cattle, the requirements for the mature cow herd may be maintenance of body
composition for reproductive fitness and lactation. RFI relies simply on partitioning intake into
portions required for stage and level of production, and a residual portion that is perhaps more
closely related to true metabolic efficiency which would be more comparable across industry
segments. Given that identifiable “energy sinks” will differ and lead to different components of
expected feed intake across industry segments, residual feed intake is more appropriately
characterized as a methodology rather than a static phenotype. Ultimately, RFI is feed intake
(with respect to economic relevance) that has simply been rendered independent of measurable
correlates such as weight and growth rate.

More recent research (e.g., Basarab et al., 2003; Crews, 2005; Nkrumah et al., 2007)
has focused on characterization of RFI in the feeding segment of the beef industry. Therefore,
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Results

= Higher weights on arrival reduce
time to sickness

= Processing time and order influence
probability of being “pulled” in the
first 35 days of the feedlot phase
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Introduction:

Interest in the adaptability of ruminant livestock to a variety of production environments
is growing quickly. A central theme of adaptability research in domesticated livestock is animal
behavior. In ruminant species, routine management protocols can cause stress and fear, which
are generally considered to negatively affect animal welfare. Additionally, cattle with poor
temperaments can produce dangerous working conditions for employees during handling.
Fearfulness in livestock creates additional stress for the animals, which reduces production
performance and decreases profitability of livestock enterprises. Both improved animal welfare
and increased farm profitability support the motivation to conduct research to investigate the
phenotypic and genetic effects of cattle disposition on growth, carcass and feed efficiency traits.
Improvements in disposition will reduce the number of employee injuries, equipment damage,
animal injuries and associated losses in production due to disposition related stress.

Importance of Temperament Traits in Beef Cattle:

In ruminant species, routine management protocols can cause stress and fear, which
are generally considered to negatively affect animal welfare. Procedures like vaccinations,
castration, transportation and herding have all been reported as stressful to ruminant species
including cattle and sheep (Wohlt et al., 1994; Hargreaves and Hutson, 1990a,b). Additionally,
fearfulness has been shown to reduce productivity of cattle. Bouissou et al., 2001, reported that
reactions due to fear affects sexual and maternal behavior as well as social dominance behavior
in cattle. Increased fear, measured as reduced flight time, is associated with reduced average
daily gain and final live weight of fed cattle (Burrow, 2003). Burrow (2003) has also shown that
animals with poorer dispositions (faster flight times) produce steaks with higher Warner-Bratzler
shear forces, which is indicative of tougher meat. Creason and Weaber (2007) demonstrated
that during a post-weaning growing phase, steers with poorer disposition had lower average
daily gains. Subsequently, these steers had light placement weights into the feeding phase and
had lower average daily gains and lower feed intakes, but now differences in residual feed
intake (RFI) during confinement feeding (Creason et al., 2007). Curley and others (2006)
demonstrated the ability of Exit Velocity (EV) to effectively categorize animals into groups
differing levels of circulating cortisol, a stress related hormone. They also demonstrated that EV
is a repeatable measure of temperament and maybe a useful tool to predict stress
responsiveness during future handling events.

Researchers at Colorado State University have investigated differences in chute scores
between heifers and steers. The researchers demonstrated that steers had a lower (more
desirable) average temperament rating than did heifers (Voisinet et al., 1997). Voisinet et al.
(1997) also reported that fed cattle with calm temperaments had higher average daily gains than
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did cattle with excitable temperaments. In fact, their research demonstrated that cattle with the
calmest temperaments, evaluated using chute score, gained 0.19 kg/day more than animals
evaluated with most excitable temperaments. They also found that animals with Bos indicus
influenced cattle had significantly higher mean temperament rating than did those animals
without Bos indicus influence. Most of the beef cattle temperament research has been
conducted using Bos indicus influence cattle. A majority of the work to estimate genetic effects
associated with temperament has been done in Australian production systems.

Aside from the animal welfare and production issues associated with increased
fearfulness in cattle, these animals also pose an increased risk to humans handling them.
Reduction of fearfulness through selection should provide improved adaptation to human
contact and thereby be of both economic and ethical significance to producers (Boissy et al.,
2005).

Phenotypic Record Collection:

A variety of methods have been used to quantify temperament of beef cattle. Three of
these methods are: average objective flight speed measured in seconds, visual flight speed and
crush (chute) scores (Burrow and Corbet, 2000). Flight speed or Exit Velocity (EV) is the
velocity at which an animal leaves restraining device such as a chute or crush. Crush (chute)
scores (CS) are categorical scores depicting the animal’s behavior during restraint. Visual flight
speed and crush scores are both subjective measures, while average flight speed measured
electronically is an objective measure. Researchers are investigating the correlation between
the objective and subjective measures.

The Beef Improvement Federation (Dolezal et al., 2002) suggests scoring beef cattle
temperament during restraint of the animal in a squeeze chute. This system utilizes a
categorical system ranging from one to six where: 1=Docile and 6=Very Aggressive. Several
organizations have adopted this scoring methodology to collect phenotypic records of cattle
disposition including the American Angus Association (AAA) and North American Limousin
Foundation (NALF). NALF publishes a Docility EPD and has shown a positive genetic trend for
docility EPD with an increase in the mean docility EPD of approximately 15% over the past 20
years (NALF, 2006). This increase means that 15% more progeny sired by a breed average bull
born in 2005 should be scored a 1 or 2 on the BIF docility scale than progeny sired by a breed
average bull born in 1985.

A fourth method of temperament measurement is pen score, which has been utilized as
another subjective measure of disposition (Kunkle et al., 1986; Hammond et al., 1996; Curley et
al., 2004). Animals are penned in small groups (n~=5) and approached by observers. The
individual animal’s response to human approach is scored on a scale from 1 to 5 as described
in Table 1 below.

Genetic Evaluation of Temperament Traits:

Like other production measures, the phenotypic manifestation of temperament traits is
the combined effects of genetic and environmental effects. Temperament traits have been
shown to be moderately heritable, with magnitudes similar to the heritabilities of growth traits.
Average objective flight speed measured in seconds, visual flight speed and crush (chute)
scores have heritabilities of 0.35, 0.08 and 0.30 respectively (Burrow and Corbet, 2000).
Weaber and Creason (2007) found heritabilities of Exit Velocity and Pen Score to be 0.35 and
0.15, respectively. Burrow (2001) found single flight speed scores were moderately heritable
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(0.35), but with an average of 2 or 3 flight speed scores, the heritability increased considerably
(0.44-0.50). A single generation of selection for improved flight time score resulted in an
improvement in temperament by reducing the flight time score in progeny (Burrow, 2001).
Several breed associations have implemented temperament or docility genetic evaluations. The
American Angus Association, North American Limousin Foundation and the American Salers
Association currently have routine genetic evaluation for docility. Beckman and others (2007)
have investigated various models for estimation of maternal genetic and permanent
environmental effects on calf temperament.

Important genetic relationships between temperament traits and production traits may
present additional motivation for selection to improve these traits. Several research groups are
investigating these interactions. Genetic correlations between flight time and carcass weight,
retail yield, marbling, shear force, and meat color are 0.05, 0.11, -0.05, -0.48 and -0.18
respectively (Burrow, 2003). Curley et al., 2004, reported that increased exit velocity of bulls had
a significant negative effect on final body weight (BW) and dry matter intake (DMI). Positive
correlations between chute scores, pen scores and exit velocity have been reported (Curley et
al., 2004).

Research investigating the relationship between temperament and measures of
production performance or genetic sequence has been conducted in a number of species.
Momozawa et al. ( 2005) reported a significant association in equine between a single
nucleotide polymorphism (SNP) possibly resulting in an A-G substitution in the dopamine D4
receptor gene and two temperament traits (curiosity and vigilance). A QTL discovery project
was undertaken by Schmutz et al. (2001) utilizing the Canadian Beef Cattle Reference Herd.
Calves (n=130) from the herd and origination from 17 full-sib families resulting from multiple
ovulation embryo transfer (MOET) were evaluated for two measures of behavior: temperament
and habituation. Heritability was estimated to be 0.36 for temperament and 0.46 for habituation.
QTL for both traits were mapped to bovine chromosomes 1, 5, 9, 11, 14, 15. Behavior and
conformation QTL detection studies have been performed (Hiendleder et al., 2003) resulting in
the identification of QTL for both udder conformation and behavior traits in dairy cattle.
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Current Work:

The National Beef Cattle Evaluation Consortium’s Genetics of Feedlot Cattle Health
Project has utilized two measures of temperament (CS and EV) of cattle during the finishing
phase. Temperament has been included in the phenotypic record collection protocol as a
method to possibly describe variation in not only behavior, but also stress, as potential
contributor to resistance to disease. The project protocol will also identify associations between
temperament and other production and carcass traits. Preliminary results (Weaber et al., 2008)
suggest a positive (0.44) correlation between EV at placement into the feed yard and EV
measured during re-implant processing approximately 75 d later. EV was also positively
correlated with CS at initial and re-implant processing. In preliminary data analysis, which did
not include a covariate for treatment count, EV at re-implant had a near zero, negative
correlation with ADG and gain.

Work has begun to compute data points for a new phenotype called habituation. In
psychology, habituation is the psychological process in humans and animals in which there is a
decrease in behavioral response to a stimulus after repeated exposure to that stimulus over a
duration of time. It is hypothesized that there is a genetic component to habituation in beef
cattle. Habituation is measured by the change in CS between processing events. Animals that
‘habituate’ have improved (lower numerical) CS at re-implant or a negative deviation of initial
and re-implant chute score. CS was transformed to a binary outcome, with acceptable (coded 1)
CS of 1, 2, and 3 and unacceptable (coded 0) CS of 4, 5, and 6. Of the 1,505 animals
evaluated, 71 head (4.7%) were unacceptable at both processing events, 100 head (6.6%)
moved from acceptable to unacceptable categories, and 250 head (16.6%) moved
unacceptable to acceptable. Approximately 72% of the animals (1,084) were determined to be
acceptable in terms of CS at both processing events.

Future analyses will include the count of number of treatments as a covariate to account
for differing numbers of processing events experienced by animals between initial and re-
implant processing, as a large number of animals were treated for bovine respiratory disease
during the feeding phase. Analyses are also planned to investigate the association between
habituation and incidence of disease and other growth and carcass traits. Finally, analyses to
provide an estimate of the heritability of habituation are planned.
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Table 1: Temperament pen scores and descriptions

Pen Score

Description

1 = Non-aggressive (docile)
2 = Slightly Aggressive

3 = Moderately Aggressive

4 = Aggressive

5 = Very Aggressive

Walks slowly, can approach closely, not excited by
humans or facilities;

Runs along fences, will stand in corner if humans stay
away, may pace fence;

Runs along fences, head up and will run if humans move
closer, stops before hitting gates and fences, avoids
humans;

Runs, stays in back of group, head high and very aware
of humans, may run into fences and gates even with
some distance, will likely run into fences if alone in pen;

Excited, runs into fences, runs over humans and anything
else in path, “crazy.”

Adapted from Kunkle et al., 1986.
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