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conclusion that cattle that are excitable during their first handling experience may

acclimate to repeated, calm handling.
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CHAPTER FIVE
DETAILED ANALYSIS OF PEN SCORE FOR ITS USEFULNESS IN
DELINEATING BEHAVIORS INDICATIVE OF TEMPERAMENT IN CATTLE

Abstract

A chute score (CS) and exit score (ES) are used commonly as subjective methods
to evaluate temperament in cattle production systems. A pen test, which allows behavior
to be observed in a non-restrained setting, may be an effective additional method to
evaluate temperament by allowing more variation among animals to be expressed.
However, the value of pen scores in assisting producers in evaluating temperament is
equivocal. The overall objective of this study therefore was to validate the usefulness of a
pen score in delineating specific behaviors indicative of temperamental cattle. This was
achieved by first assessing the reliability of pen score, along with its relationship with
other objective and subjective measures of stress, and then to investigate the behaviors
expressed during confinement both individually and in a group setting. Any changes in
behaviors over time also was assessed. In three consecutive years, a factorial design of
two measurement protocols [frequent (F), infrequent (IN)], and three recording periods,
each 1 mo apart, was used. The F measurements were collected over three consecutive
days, and IN measurements only on day one within a recording period. Each year, 20
commercial Bos taurus heifers, 2-wk post weaning, were randomly assigned to each
protocol. Behavior was measured using a CS, ES, and exit velocity (EV), along with
body temperature, heart rate, and a fecal and blood sample. These samples were then

analyzed for levels of various metabolites. Following routine handling, each heifers’
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response to 30 s of exposure to a human stressor was recorded both individually and in
groups of four. An individual (IPS) and group (GPS) pen score was assigned by three
experienced observers from 1 (docile) to 6 (aggressive). Video recordings were
evaluated, and their associations with IPS and GPS categories assessed. Data were
analyzed with ANOVA using SAS. For all heifers, protocol, event, and their interaction,
were compared on day one. For heifers assigned to F, event and day within event were
instead fitted. For both models, body weight was included as a covariate, with sire and
year fitted as random effects. Behaviors delineated using video recordings were analyzed
using the same model, with IPS and GPS also included as a fixed effect. Reliability of
IPS and GPS were determined using a kappa (K) coefficient. Both IPS and GPS were
reliably assigned, with coefficients greater than threshold values indicative of acceptable
assessment (K = 0.64 and 0.44 for IPS and GPS, respectively) Furthermore, both scores
were moderately positively correlated with objective measures of temperament (r = 0.28
to 0.37). Individual and GPS were more highly correlated with ES, possibly because both
are considered non-restrained measures of temperament. Analyses of videos suggest that
flight zone size and the fastest pace reached had a strong association with IPS and GPS
(P < 0.001). Those scores also were indicative of the time animals spend stationary
compared to trotting or running (P > 0.05). Lastly, these heifers acclimated to repeated
handling in an individual pen setting across both days and events (P < 0.05), with more
substantial acclimation in F heifers. However, average GPS on the first day of the study
identified docile heifers therefore further acclimation to handling within groups was not

evident (P > 0.14). Individual pen score is therefore a reliable measure of temperament
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that is indicative of an animal’s response to stress, and may be useful when attempting to
make selection decisions. However, more temperamental heifers became calmer with
repeated gentle handling.

Introduction

Temperament in cattle has a documented impact on growth, carcass quality,
reproduction, and well-being (Fordyce et al., 1985; VVon Borell et al., 2007; Bates et al.,
2014; Cooke, 2014). These negative outcomes, and its moderate heritability (Sant'/Anna
et al., 2013), have led to an increase in selection for docility in cattle.

In order to effectively select for docility in cattle it is imperative that each criteria
measured are indicative of behavior during normal handling practices (Fordyce et al.,
1982). The three most common measurements proposed to quantify temperament are
based on behavior when cattle are restrained in (chute score, CS) and exiting from (exit
score, ES and exit velocity, EV) the chute. Another, less common, non-restrained
measure of temperament is pen score, which can be assessed on animals individually and
in small groups. Le Neindre et al. (1995) proposed a method in which an animal was
isolated individually in a pen with a handler who had 2 min to direct it into a corner, hold
it there for 30 s, and then stroke it. Based on an animal's response, a subjective score was
assigned from 1 (calm) to 5 (very excited). This method has been used to compare
temperament of Angus and Simmental cattle with heritabilities of 0.61 £ 0.17 and 0.55 +
0.15, respectively (Gauly et al., 2001). These tests, however, had no association with
weight gain in cattle. Increased concern about handler safety while attempting to stroke

the animal was brought to light (Kilgour et al. 2006) and the method was then curtailed to
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the handler simply standing in the middle of the pen for 30 s, with no attempt made to
restrain the animal (Turner et al., 2011). This method was instead referred to as an
"isolation score™ and rated on a scale of 1 to 6.

The benefit, and perhaps drawback, of using a non-restrained test such as pen
score to assess temperament is that it allows for a larger amount of variation in the
expression of behaviors. As an example, cattle in close proximity to people daily will
have smaller flight zones than genetically similar cattle raised on pasture (Grandin and
Deesing, 2014). This variation in flight zone size has an impact on how stressed an
animal appears when secluded in a pen with a human, and the behaviors they express in
trying to remove the present threat. This could result in differences in expressions of
behaviors, including the pace at which animals move away from the human, and whether
they attempt to escape perhaps colliding into fences. While a subjective ethogram is a
useful tool in helping to delineate these behaviors, animals will seldom fall into a single
category, which could lead to inconsistency in scoring among observers.

Subjective measurements are attractive due to their ease of use. However, the
efficacy of selection programs depends on the reliability of the observation and whether
they are indicative of an animal's response to stress. Since these scores are based on the
subjective opinion of the observer they may be less reliable than objective measures such
as EV or cortisol. However, CS and ES can be reliably assessed by numerous individuals
regardless of their prior experience (Parham et al., 2018a). Furthermore, these scores are
moderately correlated with objective measurements including body temperature, heart

rate, and serum concentrations of glucose and cortisol (Parham et al., 2018b). Therefore,
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CS and ES provide fast, easy, and inexpensive measures of temperament in an animal.
While correlations of pen score with CS and exit velocity range from 0.24 to 0.75 (Cooke
et al., 2009; Turner et al., 2011), their associations with objective measures of stress are
less well known. Cooke et al. (2009) reported a correlation between pen score and plasma
cortisol of 0.44. Furthermore, reliability of pen scores has yet to be determined.

If pen score provides reliable measurement of temperament in an animal,
producers who utilize it in selection decisions may not do so efficiently if an animal's
initial response to a stressor is not indicative of future responsiveness. This is referred to
as acclimation to handling. Curley et al. (2006) suggested that an animal’s temperament
score decreased as the number of times it was exposed to a working facility increased.
Cattle successfully acclimated to handling may more willingly re-enter a handling
facility, resulting in calmer cattle that require less time to process and are safer to handle.

In combination, these issues require a detailed analysis of the usefulness of pen
score in delineating specific behaviors indicative of temperamental cattle. This objective
was achieved by first assessing the reliability of pen score, along with its relationship
with other objective and subjective measures of stress. Secondly, the behaviors
expressed during confinement both individually and in a group setting were investigated,
and any change in these behaviors over time assessed. If pen score was useful in
delineating temperament, it could be utilized by producers wishing to make phenotypic
selection decisions on temperament. Furthermore, producers interact with their cattle in
many different situations, both individually and as a group. If these types of interactions

with cattle are common, producers may also benefit from delineating
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simple, more objective, behaviors indicative of pen scores to use when assessing
temperament.

Methods

All procedures and protocols used in this study were approved by the Institutional
Animal Care and Use Committee at Virginia Tech.
Experimental animals

Within each of three consecutive years, 40 commercial Bos taurus (75% Angus or
more) spring-born heifer calves were reared at the Virginia Tech Shenandoah Valley
Agricultural Research and Extension Center (SVAREC) in Steeles Tavern, VA
(37°55'56" N 79°12'50" W) with their respective dams until weaning (185 = 11 d in age).
Upon completion of a 1-wk fence line weaning period, heifers were transported to
Virginia Tech Kentland farm (37°11'60" N 80°33'52"” W) and placed in a single
management group on grass. The dataset included progeny from one of 21 sires, ranging
from one to 23 progeny per sire, selected to establish divergent larger and smaller frame
size offspring. Cows were bred within line to Angus sires correspondingly selected as
larger or smaller based on their mature cow height estimated breeding value (Vargas
Jurado et al., 2015).
Experimental design and data collection

Heifers were randomly assigned to one of two measurement protocols (frequent;
infrequent) within their dam's frame score (larger, smaller) and sire. Data were collected
across three recording periods, each 1 mo apart [i.e., event 1 (Oct.), 2 (Nov.), 3 (Dec.)].

Heifers within the frequent (F) measurement protocol were observed three consecutive
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days within each event (month) while the heifers in the infrequent (IN) measurement
protocol were evaluated on only the first day of an event. Day within event was
designated by d; ; where i was the event and j was the day within an event.

On day one of each event (i.e., dq 1, d; 1, d3 1), all 40 heifers were moved into a
holding pen. Four heifers were randomly drawn from the group and herded into the
cattle-handling facility, which consisted of a small holding pen narrowing into a curved
alley that led to a weigh crate and separate squeeze chute. One at a time, each heifer was
calmly moved through the alley into the weigh crate. Once weighed, each heifer was then
moved into the squeeze chute (Priefert Model S04). While restrained, a chute score
(Tulloh, 1961), heart rate and rectal temperature was recorded (Parham et al., 2018¢c). A
blood sample was collected via jugular venipuncture, and a fecal sample taken.

Upon release from the chute, an ES (BIF Guidelines, 2002) and exit velocity (EV;
Burrow et al., 1988) were recorded, and the heifer was calmly walked down to a 12 x 6 m
pen. Once individually enclosed, a video camera recorded the next 30 s of exposure to a
human stressor, who walked into and then stood in the center of the pen. During this
time, individual pen scores (IPS) were assigned independently by three experienced
observers using an ethogram based on King et al. (2006):

1. Docile: walks slowly, can be approached slowly, not excited by humans.
2. Slightly Restless: aware of humans, head up, moves away from approaching
human, runs fence line, stops and looks around.

3. Restless: constantly runs along fence line, head up.
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4. Nervous: agitated, runs along fence line, head up, looking for a way of escape,
and will run if humans come closer, stops before hitting gates and fences, avoids
humans.
5. Very Nervous: runs, head high and very aware of humans, may run into fences
and gates, flighty.
6. Wild (Aggressive): excited, runs into fences, runs over anything in its path.
Each heifer was then moved into a 12 x 8 m pen separated from the individual pen by an
alleyway with no direct and limited visual contact. Heifers remained until four heifers
had been moved through the working facilities and placed together. Once in a group of
four, the same ethogram was used to assign a group pen score (GPS) to each heifer
individually, based on their reaction to a human stressor. In this case, the human walked
to the center of the pen, paused, and continued diagonally in the direction of the group of
heifers before returning to the center of the pen. This interaction was also video recorded
for 30 s. Observers assigning scores were located behind or on a separate fence, located
behind the video camera.

On day two and three of each event (i.e., d; », dy 2, d3, , dy 3,d3 3, d33) the same
measurements were again recorded on all heifers assigned to the F protocol (n = 20).
After day three of recording all 40 heifers were mixed into a single management group
until the next recording period.

Across the three years, two of the 120 heifers, one from F and the other IN, were

removed from the study due to lameness.
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Video analyses

Continuous data were evaluated by one trained person who viewed the individual
and group pen score video recordings of each heifer, or group of heifers, using Observer
software (Noldus, The Netherlands) for detailed behaviors using individual and group
ethograms provided in Appendix A and Appendix B, respectively. Individual heifers
could not be clearly distinguished in some group pen videos. Therefore, ethograms for
evaluating heifers gathered in the pen were related back to the behavior of the group as a
whole. For clarification, since the individual evaluating the videos was not an observer

during the study, this individual will be referred to as the viewer.

High

Perv'Fence >

6m ‘* 4+—— Video Camera

Figure 5.1. Diagram of the individual pen environment
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Video analysis of individual pen. First, the viewer recorded several overall
behaviors based on the video as a whole. The temperament of the heifer was further
delineated as to whether or not the human felt safe to enter the pen with the animal, or
entered the pen but did not stay. The reaction of the heifer to the human was recorded as
initiating flight or fight instincts, or if the heifer appeared neutral to the individual's
presence. Similarly, the viewer recorded a flight zone size as either low, medium, or high

as shown in Figure 5.1.

Backwards/Turns around Down side, stops or slides  Circles the pen Travels diagonally

-
T

i ‘ P ,':
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Figure 5.2. Diagram depicting direction of movement ethogram

The viewer also recorded the number of times each heifer threatened or charged
the human, and the number of times she head-butted the fence (either actively or
coincidently), hit the fence, attempted to escape, or flicked her tail.

Lastly, several timed activities were recorded if its duration was longer than one

second. These activities included the pace of the animal (stationary, fidgets, walks, trots,
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runs/canters) and their direction of movement (Figure 5.2). From this information, the
fastest pace reached by each heifer was recorded. While each video was expected to last
for 30 s, timed activities were standardized to ensure consistent comparisons. This was
done by dividing each separate timed activity by the total time of the video, then
multiplying that by 30 s.

Video Analysis of Group Pen. In order to compare group behavior to individual
responses, the group pen scores for each heifer were averaged to obtain an overall score.
The flight zone size of the group was assigned at the initial approach of the human based
on the reaction of a majority of the group. Also, because the individual walked into the
middle of the pen, paused, and then walked towards the group of cattle, their location was
recorded both at the start of the video as well as after the human returned to the center of
the pen.

The amount of time spent moving also was recorded for each animal and each
pace. Since these evaluations were summarized on a group basis, time spent by each
heifer for a pace were averaged. Since the length of each video was not exactly 30 s,
these times were adjusted accordingly.

Other timed activities for the group included the duration heifers were willing to
remain separate from one another as well as where the majority of each group focused
their attention, be it on the human in the pen, the observers standing near the video

camera, or elsewhere. Again, all timed activities were standardized to 30 s.
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Statistical analyses

Statistical analyses for these data were completed in three steps. Data collected
during the study were analyzed initially. This included the reliability of the assessments,
their relationships with other subjective and objective measurements of temperament, and
finally, for any change in IPS or GPS over time. Secondly, the validity of the detailed
ethograms to delineate temperament was assessed by comparing video analyses based on
categories of IPS and GPS assigned on a given day. Lastly, these detailed ethogram
behaviors were also assessed for any change over time.

Inter-observer reliability. Reliability of both individual and group pen score for
the three observers was calculated using Fleiss' kappa coefficient and an intra-class
correlation. All reliability calculations were carried out using the irr package (Gamer et
al., 2012) in R.

Relationship between measurements. Pearson correlations were calculated
between IPS and GPS on a given day with all observations including CS, ES, EV and all
objective measurements of behavior for heifers on the first day of each event (d; 1, d; 1,
and d3 1) separately, and then combined in R (R Core Team, 2013). Correlations were
first calculated for F and IN separately with similar results between measurement
protocols. Therefore, both groups were combined. Correlations of IPS and GPS with CS,
ES, and EV appeared to increase over time and are reported separately.

Acclimation to handling. To compare the effect of measurement protocol,
initially a 2x2x3 factorial model (model 1) was analyzed fitting protocol (F and IN), dam

frame size (larger or smaller) and event (1, 2, or 3), and their two and three way
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interactions, as fixed effects. Year, sire, and heifer nested within year, measurement
protocol and dam frame size combination, were treated as random effects. Comparisons
were only made on the first day of each event (d, 4, d, 1, d3 ;). Dam frame size never
explained significant variation in the response variables (P > 0.12) and thus was excluded
from the model. The final fixed effect model fitted therefore included protocol, event, and
their interaction, with the addition of body weight as a covariate.

To measure changes in response variables over time within F, a separate model
(model 2) was fitted. Event, dam frame size, their interaction, and the nested effect of day
within event, were fitted as fixed effects. Heifer nested within year and dam frame size
combination, as well as year and sire, were treated as random effects. Again, dam frame
size did not define significant variation in the response variables (P > 0.24) and was
removed from the final model fitted. However, body weight was included as a covariate.
Change in pen scores over time was analyzed using the GLIMMIX procedure in SAS
(SAS Inst. Inc., Cary, NC) fitting two separate models. Least squares means and SE were
obtained using SAS with Tukey's adjustment for multiple comparisons.

The IPS and GPS recorded by the three observers were averaged on each day to
obtain a representative score. Based on examination of residuals compared in SAS using
model 1, the distribution of these data appeared skewed. A natural logarithm was applied
and residuals of the transformed values again analyzed. The log transformed data resulted
in less skewed residuals, and were therefore utilized for all analyses. However, in order to
express the results on their scale of measurement, means and SE were back-transformed

to the observed scale.
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A repeated measures analysis was initially conducted as in Parham et al. (2018c).
Results from these analyses were consistent with the initial models described. Therefore,
results obtained from the simpler factorial models are reported henceforth.

Video analyses - categorical ethograms. Several of the ethograms associated with
the individual and group pen evaluations were categorical in their measure: flight zone
size (low, medium, high), fastest pace (stationary, fidget, walk, trot, canter/run), fight or
flight (neutral, fight, flight), whether the observer felt safe to enter the pen (yes or no),
and the group's location before the human entered the pen, and after they reached the
center. Since observation in categories were counted, these data were analyzed using
ordered contingency tables.

To determine whether ethograms were performing as designed — that is scores
coincided with the intended behaviors captured in the videos — heifers were categorized
and compared based on their IPS on a given day being less than 2.0 (n = 413), equal to
2.0 but less than 3.0 (n = 132), equal to 3.0 but less than 4.0 (n = 55), equal to 4.0 but less
than 5.0 (n = 34), and greater than or equal to 5.0 (n =19). The GPS were much lower on
average, with no average GPS being greater than 4.0. Therefore, GPS categories were
compared using average GPS less than 2.0 (n = 119), equal to 2.0 but less than 3.0 (n =
38), and 3.0 or greater (n = 9). When assessing change in response for IPS, F and IN were
compared by summing each category for their three days of observation (d, ;, d, ;, and
ds 1), and for F by evaluating response across all nine days of observation. Since a group
of heifers could contain both F and IN animals, change in response was simply done by

comparing group totals for the first day of each event. Due to this confounding,
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comparison of behavior for F across all nine days were not included. Contingency tables
and P-values were obtained using the "coin™ (Hothorn et al., 2008) and "rcompanion™
(Mangiafico, 2018) packages in R, which account for one or both of the variables being
ordered.

Video analyses - continuous ethograms. All other IPS ethograms were analyzed
independently for change over time with the same models previously described using
PROC GLIMMIX in SAS. However, to investigate the validity of ethograms, either IPS
category was included as yet another fixed effect in the model.

As mentioned, a single group could include any combination of F or IN heifers on
the first day of each event. Therefore, the model used to compare GPS ethograms was
reduced to include the fixed effect of GPS category and event, with body weight as a
covariate. Year, sire, and group nested within year were then treated as random effects.
There was no comparison of ethograms across all nine days of the study due to specific F
and IN heifers being intermixed on the first day of an event.

Results
Inter-observer reliability

Individual pen score had an average kappa coefficient and intra-class correlation
of 0.64 and 0.92, respectively. Reliabilities of GPS were slightly lower, with an average
kappa coefficient and intra-class correlation of 0.44 and 0.77, respectively. However, for
both IPS and GPS, kappa coefficients and intra-class correlations were above reported
threshold values for acceptable reliability, namely > 0.40 (Landis and Koch, 1977) and >

0.70 (Martin and Bateson, 1993), respectively, indicating accurate evaluation.
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Table 5.1. Correlations of individual and group pen score with objective measurements of
temperament

Individual Pen Score Group Pen Score
Measure n r SE r SE
Temperature, °C 350 0.37 0.05 0.30 0.05
Heart Rate, bpm 351 0.28 0.05 0.29 0.05
BUN', mg/dl 351 0.04 0.05 0.02 0.05
CK, units/I 351 0.10 0.05 0.14 0.05
Glucose, mg/dl 351 0.28 0.05 0.28 0.05
NEFA, mmol/l 351 -0.23 0.05 -0.13 0.05
Plasma Cortisol, ng/ml 350 0.28 0.05 0.30 0.05
Fecal Cortisol*, ng/ml 344 -0.03 0.05 -0.02 0.05

ICorrelations not different from zero (P > 0.05)

Relationship between measurements

Correlations for IPS and GPS with objective measures of temperament are
provided in Table 5.1. Pen scores were moderately positively correlated with body
temperature, heart rate, glucose concentration, and serum cortisol; there was a low
positive correlation with creatine kinase. However, correlations with blood urea nitrogen
and fecal cortisol were not different from zero. Finally, slight to moderate negative
correlations existed for both IPS and GPS with NEFA concentrations. These correlations
are consistent with correlations of these same objective measures with CS, ES, and EV
previously reported by Parham et al. (2018b).

Correlations for IPS and GPS with CS, ES, and EV for d ;, d, 1, and d3 4
separately and combined are given in Table 5.2. Overall, strong correlations existed
between IPS and GPS with ES and EV, as they are both non-restrained measures of
temperament, with moderate correlations between IPS and GPS with CS. The lowest

correlations existed for IPS and GPS with CS on the first day of observation, but
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increased over time. This pattern was not present for ES and EV, although it tended to be

lower on d; ; compared to d; ;, and d3 ;.

Table 5.2. Correlations of individual and group pen score with chute score, exit score,

and exit velocity

Individual Pen Score

Group Pen Score

Day' CS ES EV CS ES EV

d,, 026+0.09° 0.60+0.07 0.45+0.08° 0.15+0.09* 0.42+0.08 0.33+0.09
dy, 041+0.09® 0.70+0.07 0.55+0.08% 0.41+0.09° 054+0.08 0.41+0.09
ds; 054+008" 0.67+0.07 0.63+0.07° 0.47 +0.08" 0.53+0.08 0.45+0.08
Al>  042+005 065+0.04 0.54+0.05 0.36+0.05 0.50+0.05 0.40+0.05

! Day within event is designated by d; j, where i is the event and j is the day within an

S\ga(;]:relations of all 3 days combined cannot be compared to d; 1, d, 1, Or d3 4
2P Means in a column with differing superscripts differ (P < 0.05)
* Correlation not different from zero (P > 0.05)
Acclimation to handling

When comparing measurement protocols for change in IPS over time, there was
an interaction of measurement protocol and event (P = 0.03). Therefore, Figure 5.3
provides the mean IPS for F and IN handled heifers on the first day of each event.
Individual pen scores did not differ between F and IN on d, ;, but decreased in the F
group from d, ; to d,; (P = 0.03) and remained constant from d, ; to ds (P =0.99).
However, IPS on d, ; and d5 ;in F were not different from those for IN on those same
days, although their values were numerically smaller. Final IPS on d5 ; for the F and IN
groups was 1.35 + 0.05 and 1.75 + 0.07, respectively.

Conversely, there was no effect of event, measurement protocol, or their

interaction on GPS (P > 0.26). Mean GPS for all heifers on the first day of each event

were 1.72 +0.05, 1.58 + 0.04, and 1.51 + 0.04 for d ;, d, 1, and d3 4, respectively.
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Figure 5.3. Change in individual pen score over time for frequently and infrequently
handled heifers [*® Means with differing letters differ (P < 0.05); ‘Day within event is
designated by d; ;, where i is the event and j is the day within an event]
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When assessing change in measurements across days for F, there was a decrease
in IPS across both events (P < 0.01) and days (P < 0.01). Individual pen score decreased
(P =0.01) from 1.98 + 0.06 on d, ; t0 1.53 + 0.05 on d, 1, but only tended to decrease
from d,; t0 1.31 £ 0.04 on d3 ; (P = 0.07). Figure 5.4a shows the change in IPS across
days, with a numerical decrease between d, ; and d, ,, but a significant difference
between d;; and all other days. Following d; ,, IPS numerically decreased during the
second event (d, 1 ,d, ,, and d, 3), with that difference becoming more substantial when
compared to the last three days of observation (P < 0.05). By d5 3, IPS reduced to 1.29 +
0.04, which was less than at d, ; through d, ; (P < 0.05). These trends were not observed
in GPS (P > 0.10), with mean values for event 1 to 3 of 1.68 + 0.06, 1.48 + 0.06, and 1.39
+ 0.05, respectively. Mean GPS across days are provided in Figure 5.4b. A low GPS of
1.69 £+ 0.06 on d, 4 left little room to decrease over time. However, GPS on d3 ; was

numerically lower, with a value of 1.32 + 0.05.
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Figure 5.4. Change in pen scores across days for frequently handled heifers. [*° Data
points with differing letter assignments differ (P < 0.05); ‘Day within event is designated
by d; j, where i is the event and j is the day within an event]
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Table 5.3. Proportion of heifers in each individual pen category by ethogram*

IPS Category”
1 2 3 4 5+
Ethogram Category n=413 n=132 n=>55 n=34 n=19

Flight Zone Loyv 0.70 0.08 0.02 0 0
Size Megilum 0.30 0.86 0.40 0 0.05
High 0 0.05 0.58 1.00 0.95

Fight or Ne_utral 0.78 0.14 0 0 0
Flight FI'|ght 0.22 0.85 0.98 0.79 0.42
Fight 0 0.01 0.02 0.21 0.58

Stationary 0.12 0.01 0 0 0

Fastest Pace Walk 0.54 0.05 0 0 0
Trot 0.33 0.80 0.55 0.21 0.11
Canter 0.01 0.14 0.45 0.79 0.89
Human Entry Safe to Enter 1.00 1.00 0.84 0.53 0.21
Unsafe 0 0 0.16 0.47 0.79

LAll chi-square different than expected (P < 0.001)

2 Individual Pen Score Categories: IPS<1.9=1;2.0<IPS<29=2;3.0<IPS<3.9=3;
40<IPS<49=4;IPS>5.0=5+

Validity of video ethograms

Contingency tables for IPS relative to those ethograms involving categories are
provided in Table 5.3 as proportions of the total number of observations in each category.
All chi-square tests were significant (P < 0.001) meaning observed proportions in each
category were different than expected. Heifers with an IPS of 1 had a low flight zone
size, responded neutrally to a human stressor, were more likely to walk around the pen,
and were calm enough in demeanor that the human felt safe to enter the pen with them.
Heifers appeared less calm as IPS increased in value. Flight zone sizes increased to
medium, heifers became more "flighty" than neutral, were more likely to trot around the

pen, and in some cases were flighty enough that the human did not feel safe enough to
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enter the pen. Lastly, those heifers with IPS of 4 or greater had high flight zone sizes,
appeared more aggressive, expressing their fight instinct, were more likely to canter/run
in the pen, and the human was much less likely to enter the pen with them.

Table 5.4. Proportion of heifers in each group pen category by ethogram

GPS Category”
1 2 3+
Ethogram Category n=119 n =38 n=9
Low 0.49 0.08 0
Flight Zone Size' Medium 0.48 0.53 0.33
High 0.03 0.39 0.67
Stationary 0.01 0 0
1 Walk 0.23 0 0
Fastest Pace Trot 0.52 0.21 0
Canter 0.25 0.79 1.00
Opposite, Far 0.71 0.81 0.78
Location. Beainnin Direct, Far 0.07 0.11 0.11
 B¢Y g Opposite, Near 0.01 0 0
Inner Area 0.21 0.08 0.11
Opposite, Far 0.71 0.63 0.44
. . Direct, Far 0.16 0.26 0.33
Location, Middle ) cite 'Near 0.04 0.08 0.11
Inner Area 0.08 0.03 0.11

!Chi-square different than expected (P < 0.001)
2 Group Pen Score Categories: GPS <1.9=1;2.0< GPS<2.9=2; GPS > 3.0 = 3+

Contingency tables for categorical ethograms by GPS are given in Table 5.4, also
as proportions of the total number of observations in each category. Average GPS did not
seem to impact the location of the group at the beginning of the video, or when the
human reached the center of the pen. Regardless, heifers were most commonly in the
opposite, far corner to the human. However, there was an association between GPS and

flight zone size and the fastest pace reached by the group (P < 0.001). Groups with
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average pen scores between 1.0 and 2.0 were more likely to have a low or medium flight

zone size, but compared to IPS, their most common fastest pace was a trot, not a walk.

Conversely, groups with average pen scores greater than or equal to 3.0 had high flight

zone sizes and always cantered around the pen.

When comparing F and INon d, 4, d, ;, and d3 ; only as well as F over all nine

days, IPS category had an effect on all ethogram response variables (P < 0.05), with the

exception of the time spent turning around. Therefore, least squares means and SE within

each IPS category are reported for d, ;, d, ;, and d3 ; only. Table 5.5 provides mean

values for each of the counted behaviors by IPS category. All counted behaviors

increased in frequency with increasing IPS, with heifers with IPS greater than 5.0

consistently having the highest values. Interestingly, the number of times heifers head

butt the fence, hit the fence, and flick their tails significantly increased (P < 0.05) when

comparing an IPS between 3.0 and 4.0 to an IPS of 4.0 and higher. Likewise, the number

of threats is highest and most likely to occur in heifers with an IPS greater than 5.0.

Table 5.5. Least squares means of the number of times each behavior was observed in
each individual pen score category for d, 1, d, 1, and d3 ; only.

IPS Category"

Behavior 1 2 3 4 5+
Escape 0.02+0.06° 0.19+0.09° 0.25+0.13*° 0.87+0.18° 0.94+0.23"
Head Butt 0.01+0.04° 0.01+0.06® 025+008" 1.19+0.11° 1.64+0.15°
Fence

Hit Fence 0.01+0.10° 0.09+0.14* 0.79%0.19° 352+0.27° 3.59+0.35°
Tail Flick 0.96+0.38% 1.87+054° 552+0.77° 14.88+1.09° 17.27+1.42°
Threats 0.00+0.03° 0.01+0.04* 0.04+006° 044+0.08" 1.43+0.10°

% Rows with differing superscripts differ (P < 0.05)

! Individual Pen Score Categories: IPS<1.9=1;2.0<1PS<29=2;3.0<IPS<3.9=3;
40<IPS<49=4;IPS>5.0=5+



156

30

25
o 20 o Canter/Run
g 15 N @ Trot
= § m Walk

10 § % O Fidget

5 & Stationary
1 2 3
IPS Category?!

Figure 5.5. Least squares means of the time (s) heifers within each individual pen score
category spent exhibiting each pace on d; 4, d, 1, and d3 1 only. [* Individual Pen Score
Categories: IPS<1.9=1;20<IPS<29=2;3.0<IPS<39=3;40<IPS<4.9=4;
IPS > 5.0 = 5+]

Least squares means for the amount of time spent exhibiting each pace by
individual pen score category on d, 4, d, 1, and d3 ; only were standardized to 30 s and
shown in Figure 5.5. Heifers with an IPS less than 2.0 spent more time standing still than
any other IPS category (P < 0.05). Heifers with IPS greater than 1.0 but less than 3.0
spent less time fidgeting than those with IPS greater than 3.0 (P < 0.05), and spent more
time walking than those with an IPS between 4.0 and 5.0 (P < 0.05). Time spent trotting
was least for heifers with an IPS less than 2.0, followed by those with IPS between 2.0
and 3.0; heifers with IPS greater than 3.0 spent the most time trotting (P < 0.05). Finally,

heifers with IPS greater than 4.0 spent more time cantering/running than those with an
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IPS between 3.0 and 4.0 (P < 0.05), and both spent more time than those with an IPS less

than 3.0 (P < 0.05).
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Figure 5.6. Least squares means of the time (s) each individual pen score category spent
exhibiting each behavior for d, 4, d, ;, and d3 1 only. [* Individual Pen Score Categories:
IPS<19=1;20<1IPS<29=2;30<IPS<39=3;40<IPS<4.9=4;IPS>50=
5+]

Least squares means for the amount of time spent exhibiting each direction of
movement by individual pen score category on d; 1, d; 1, and ds ; only are provided in
Figure 5.6. Expectedly, heifers with higher IPS spent more time in motion, with the
exception of heifers with an IPS between 4.0 and 5.0. While the time heifers spent
turning around is not significantly different among IPS categories, this is the only

direction of movement where this was true. Heifers with an IPS less than 3.0 spent most

of their time in motion moving down the side of the pen and stopping in the corner,
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suggesting they were moving at a slow enough pace to stop themselves without sliding.
This can be compared to heifers with an IPS greater than 4.0 that, instead of stopping,
slid into the corner of the pen. Comparatively, the time spent moving down the side and
stopping numerically increased as IPS category increased from 1.0 to 3.0, with a clear
difference between heifers with an IPS less than 2.0 and those between 3.0 and 4.0 (P <
0.05). However, this movement decreased in heifers with IPS greater than 4.0, as they
instead spend significantly more time sliding than all other IPS categories (P < 0.05).
Time spent circling as well as moving diagonally through the pen is greater in heifers
with IPS greater than 5.0 compared to any other category (P < 0.05). It can be
hypothesized that since these extreme heifers did not usually have a human in the pen
with them, they were not deterred from running through the middle of the pen as was the
case with other heifers.

There was no significant effect of GPS category on where the majority of each
group of heifers focused their attention, averaging 11.63 + 2.66, 5.44 + 1.81, and 11.04 +
2.95 s on the human in the pen, the camera, or neither, respectively, for all three
categories. The GPS category did, however, have a significant impact on whether a group
of heifers rejoined each other following separation in the pen, as shown in Figure 5.7.
Heifers with a GPS greater than 3.0 rejoined more often than those with a GPS less than
3.0 (P <0.05). Although not significant, this was reflected in the willingness of the group
to remain separated in the pen. Groups with average pen scores less than 3.0 were more
likely to remain separated than those with average GPS greater than 3.0. Overall, the time

each group spent together is not different among GPS category.
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Figure 5.7. Least squares means of the time (s) heifers within each group pen score
category spent separated or together on d 4, d, 1, and dz ; only. [*Group Pen Score
Categories: GPS<19=1;20<GPS<29=2; GPS >3.0 = 3+]

Finally, least squares means for the amount of time spent exhibiting each pace is
provided in Figure 5.8 on d 4, d, 1, and d3 ; only by group pen score category. The
effect of GPS category was significant for all paces except for the amount of time spent
fidgeting. Overall, groups with an average pen score less than 2.0 spent the most amount
of time standing still and walking, but the least amount of time trotting and cantering
compared to other categories (P < 0.05). Those with average GPS greater than 2.0 did not
differ in the amount of time they were stationary, walking, or trotting. However, groups

with average pen scores greater than 3.0 did spend the most time cantering compared to

other categories (P < 0.05).
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Figure 5.8. Least squares means for the amount of time spent exhibiting each pace by
group pen score category on d; 4, d, 1, and dz ;. [*Group Pen Score Categories: GPS <
1.9=1;20<GPS<29=2; GPS > 3.0 = 3+4]

Analysis of ethograms for differences in behavior and change over time
Contingency tables comparing F and IN measurement protocols by summing
heifers in each category over d, ;, d, ;, and d3 ; are given in Table 5.6. There was no
difference between F and IN for fastest pace or whether the human felt safe enough to
enter the pen (P > 0.18). However, flight zone size and the attitude of the heifer were
different than expected for the two groups (P = 0.03) based on chi-square values.
Frequently handled heifers had low to medium flight zone sizes, while approximately
half of heifers in IN had medium sized flight zone sizes. Lastly, heifers in F were more
likely to seem neutral when in the presence of a human stressor compared to IN, which

had more heifers in the flight category.
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Table 5.6. Proportion of heifers, by measurement protocol, in each individual pen score
ethogram category across d, , d, 1, and d3 ; of the study.

Measurement Protocol

Ethogram Category Frequent Infrequent
Low 0.42 0.29
Flight Zone Size' Medium 0.42 0.51
High 0.16 0.20
Neutral 0.51 0.36
Fight or Flight* Flight 0.44 0.63
Fight 0.04 0.02
Stationary 0.04 0.04
Fastest Pace Walk 0.35 0.25
Trot 0.40 0.52
Canter/Run 0.20 0.20
Human Entr Safe to Enter 0.93 0.97
y Unsafe 0.07 0.03

IChi-square different than expected (P < 0.05)

Contingency tables comparing IPS ethograms of F heifers across days are given in
Table 5.7. Based on chi-square statistics, flight zone size, attitude of the heifer, and the
fastest pace reached were different than expected (P < 0.001). Over time, the proportion
of heifers with medium and high flight zone sizes decreased, resulting in an increase in
the proportion of heifers with low flight zone sizes. Similarly, the proportion of heifers
with a flight or fight instinct decreased while the proportion of heifers that appeared
neutral increased. Lastly, the proportion of heifers that had a fastest pace of either
stationary or walk increased, as a result of a decrease in the amount of heifers that had

fastest pace of either trot or canter/run.
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Table 5.7. Proportion of frequently handled heifers, by day, in each individual pen score

ethogram category.

Day Within Event®

Flight Low 019 036 047 047 054 053 064 078 076
Zone Medium 063 052 039 036 037 038 023 014 019
Size High 018 013 014 017 008 009 013 009 0.05
Ciht of Neutral 026 054 051 059 061 060 072 081 076
FI? i Flight 068 043 044 036 034 036 026 019 0.24
9 Fight ' 005 004 005 005 005 004 002 O 0
Stationary 0.02 0.02 0.05 002 010 011 011 024 0.19
Fastest Walk 016 027 034 043 041 036 049 055 052
Pace! Trot 042 055 053 043 044 047 034 016 024
Canter/Run 040 016 008 012 005 005 006 005 0.05
Safeto 093 091 090 093 093 093 094 093 098
Human Enter
Entry Unsafe  0.07 009 0.10 007 007 007 006 007 002

!Chi-square different than expected (P < 0.001)
2Day within event is designated by d;

event

J

where i is the event and j is the day within an
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Although heifers had a decrease in their IPS across events, when analyzing
change in counted behaviors over time, there was no effect of event, measurement
protocol, or their interaction when comparing F and IN heifers (P > 0.15). The exception
was a decrease in the amount of time spent running down the side and sliding from d; ;
to d,; (P =0.04). Mean values for each ethogram for the first day of each event are
provided in Table 5.8.

Table 5.8. Least squares means and SE for individual pen score ethograms on d; 4, d; 5,
and ds ;.

Day Within Event'

diq dza d3q SE
Counted Behavior
Escape Behavior 0.36 0.52 0.48 0.10
Head Butts 0.70 0.55 0.61 0.07
Fence
Hits Fence 1.58 1.64 1.57 0.16
Tail Movement 8.86 7.99 7.41 0.60
Threats 0.35 0.42 0.38 0.04
Pace (s)
Stationary 4.62 5.81 4.40 1.42
Fidget 3.04 2.45 2.68 0.72
Walk 4.16 5.77 6.03 0.93
Trot 6.93 6.56 7.13 0.47
Canter/Run 3.26 2.67 2.67 0.44
Direction of Movement (s)
Turns Around 3.18 3.53 2.98 0.69
Down Side, 6.26 6.62 7.05 0.96
Stop
Down Side, 3.91° 2.59° 3.18%° 0.31
Slide
Circle 1.65 3.21 3.54 0.61
Diagonal 0.51 0.53 0.52 0.17

% Rows with differing superscripts differ (P < 0.05)
'Day within event is designated by d; ;, where i is the event and j is the day within an
event

Jr



Table 5.9. Least squares means and SE for individual pen score ethograms for the frequently handled heifers across days.

Day Within Event'

dl,l d1,2 d1,3 d2,1 d2,2 d2,3 d3,1 d3,2 d3,3 SE
Counted Behavior
Escape 0.36 0.33 0.28 0.45 0.34 0.26 0.27 0.37 0.29 0.08
Behavior
Head Butts 0.50 0.43 0.39 0.42 0.43 0.52 0.50 0.47 0.50 0.08
Fence
Hits Fence 1.18 1.06 1.13 1.22 1.08 1.09 1.12 1.14 1.23 0.15
Tail Movement 9.14 8.91 8.68 8.51 7.59 7.60 7.77 7.74 7.41 0.64
Threats 0.39 0.37 0.47 0.51 0.40 0.44 0.38 0.45 0.50 0.07
Pace (s)
Stationary 5.41° 6.25% 976  9.19®  9.36*  10.70% 8.16°  11.46% 13.09° 2.11
Fidget 2.56 2.73 1.97 1.97 2.09 1.60 1.85 0.81 1.70 0.53
Walk 4.40 6.53 5.39 6.03 5.65 5.47 5.20 3.23 4.38 1.15
Trot 8.01 7.57 7.16 6.58 6.40 6.83 7.09 5.99 6.43 0.66
Canter/Run 2.16 1.26 1.30 1.65 1.52 1.76 1.81 1.85 1.80 0.34
Direction of Movement (s)
Turns Around 3.87%* 4.40° 1.55° 253  2.10® 2.06% 2.26% 1.18° 2.30%° 0.70
Down Side, 5.85 6.42 9.78 6.83 7.47 5.95 6.04 6.36 6.05 1.18
Stop
Down Side, 3.62 2.38 2.53 2.38 2.38 2.87 3.22 2.85 2.50 0.43
Slide
Circle 2.10 2.32 3.34 3.77 2.78 3.34 3.16 2.21 2.42 0.81
Diagonal 0.69 1.04 1.05 0.73 1.15 0.78 0.84 0.57 0.57 0.36

% Rows with differing superscripts differ (P < 0.05)
'Day within event is designated by d;

Jr

where i is the event and j is the day within an event

voT
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When comparing F heifers only, IPS ethogram values did not often change over
events or days (P > 0.08), except for the amount of time heifers remained stationary, and
the amount of time they spent turning around. Mean values across days for all IPS
ethograms are in Table 5.9. The amount of time spent standing still increased from d, ; to
ds 1, while the amount of time spent turning around decreased from d, , to d3 ,, but were
not different from d; 5.

Table 5.10. Proportion of heifers in each group pen category by ethogram

Day Within Event’

Ethogram Category di d, 1 dsq
Low 0.33 0.30 0.38
Flight Zone Size Medium 0.57 0.53 0.50
High 0.10 0.17 0.12
Stationary 0 0 0
Fastest Pace Walk 0.10 0.10 0.12
Trot 0.40 0.43 0.48
Canter 0.50 0.47 0.40
Opposite, Far 0.90 0.73 0.77
i - Direct, Far 0.03 0.07 0.12
Location, Beginning Opposite, Near 0 0.03 0
Inner Area 0.07 0.17 0.12
Opposite, Far 0.67 0.80 0.62
. . Direct, Far 0.23 0.10 0.23
Location, Middle ) ciie "Near 0.03 0.07 0.08
Inner Area 0.07 0.03 0.08

'Day within event is designated by d;
event

,j» Where i is the event and j is the day within an

Contingency tables comparing the proportion of groups within each GPS
ethogram category on d, 1, d; 1, and d3 ; are given in Table 5.10. None of the proportions

were different than expected (P > 0.39) based on chi-square statistics. Furthermore, there
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was no change in any of the ethograms when comparing all heifers on the first day of

each event, as shown in Table 5.11.

Table 5.11. Least squares means and SE for all heifers on d, 4, d ;, and d3 ; for different
group pen score ethograms.

Day Within Event'

Ethogram di djq ds SE
Group attention

On Human 11.37 11.99 11.55 2.72
On Camera 6.21 4.83 5.28 1.87
Other 10.82 10.03 12.29 3.04
Willingness to Separate

Separate 2.34 3.22 4.62 1.38
Separate, Rejoin 3.64 2.75 1.94 1.09
Together 23.70 23.95 23.32 1.73
Pace (s)

Stationary 9.29 10.54 11.63 1.85
Fidget 3.73 5.21 3.55 0.90
Walk 9.99 8.43 9.73 0.86
Trot 4.05 3.71 3.78 0.48
Canter/Run 1.61 1.44 1.46 0.23

!Day within event is designated by d;
event

,j» Where i is the event and j is the day within an
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Discussion

In this study, IPS and GPS appear to be acceptable methods to assess stress in an
animal during normal handling practices as they were reliably assessed by multiple
observers and moderately positively correlated with body temperature, heart rate,
glucose, and serum cortisol. Correlations of IPS and GPS with ES and EV were
moderately positive across all days of collection; however, correlations with CS increased
over time, but overall remained moderately positive. Detailed evaluations of these
ethograms showed that animals with higher IPS and average GPS had larger flight zone
sizes and reached faster paces for longer periods of time. Furthermore, animals with
lower IPS appeared more neutral to the presence of a human, moved around less often,
and were less prone to hit the fence or flick their tail; groups with higher average GPS
were less willing to separate from their peers.

Flight zone size and the appearance of fight/flight attitude, measured
independently, appeared to differ among F and IN groups. This was consistent with IPS
over time, as the interaction of measurement protocol and event was significant.
Frequently handled heifers appeared to acclimate more substantially to handling,
especially across days. With lower starting values, there was no significant change in
GPS over time. This possibly was due to calmer temperament from heifers being in a
group setting. Overall, while both pen scores can be assessed easily and reliably, IPS
resulted in stronger responses to stress and is therefore more useful to producers wishing

to make selection decisions. However, heifers acclimate to repeated calm handling.
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Therefore, when cattle are excitable during their first handling experience, more than one
observation of temperament may be beneficial before making selection decisions.

Individual pen scores and GPS assigned during the study were reliably assessed,
with reported values being higher than thresholds for acceptable reliabilities (Landis and
Koch, 1977; Martin and Bateson, 1993). In fact, IPS and GPS reliabilites were higher
than those for CS assigned by the same individuals (0.46 and 0.74 for kappa and
intraclass correlations, respectively; Parham et al., 2018a). Furthermore, these subjective
methods were also moderately positively correlated with body temperature, heart rate,
glucose, and serum cortisol, all of which are objective measurements known to be
associated with stress in animals (Van de Water et al., 2003; Sporer et al., 2008). These
correlations are consistent with those reported for CS and ES by Parham et al. (2018b)
within the same animals, indicating IPS and GPS were acceptable measurements of stress
in these heifers. Similarly, when compared to CS, ES and EV, overall correlations with
IPS and GPS were moderately positive overall, but increased from d; ; to d3 ; with CS.
Lastly, correlations were consistently higher for ES than CS. This is perhaps due to the
fact ES, IPS, and GPS are all considered non-restrained methods of evaluating
temperament.

All correlations and reliabilities were larger for IPS than GPS. There are two
possible explanations to this occurrence. First, cattle are herd animals and therefore the
presence of social partners reduces heifers' behavioral signs of disturbance towards fear-
eliciting stimulation (Boissy and Le Neindre, 1990). When secluded in an individual pen

calves spent more time standing still and were easier to handle with peers present in an
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adjacent pen than without (Gringard et al., 2000). This reduction in response may lead to
lower correlations with measures known to be indicative of stress. It also leads to less
variability in the behaviors expressed, making it more difficult to delineate among GPS
categories, especially when attempting to evaluate multiple heifers at once.

The amount of variation expressed in a non-restrained test can either be a benefit
or a drawback; specific behaviors may help to delineate categories but also could cause
confusion if the behavior of an animal does not neatly correspond with a given score.
Therefore, detailed ethograms were developed to analyze pen behavior in a more intricate
manner using video recordings, with the hope that suggestions could be made to assist
producers who wish to select for temperament based on pen score or in some other non-
restrained environment.

Both IPS and GPS were impacted by the individual or group's flight zone size.
For IPS most heifers assigned a score of 1.0 had low, those assigned a 2.0 mainly had
medium, and almost all heifers with an IPS greater than 4.0 had high, flight zone sizes.
These flight zones will also impact a heifer's response to human presence. Most heifers
with an IPS of 1.0 or 2.0 remained neutral to the presence of a human, while those with
IPS of 5.0 or more were more likely to be aggressive. The relationship of these measures
with average GPS for all four heifers is not as clear, as the group could be a mix of a
number of different IPS combinations. However, groups with an average pen score of 1.0
had smaller flight zone sizes than those with average pen scores greater than 3.0.

Another evaluation tool that resulted in consistent delineation between IPS and

GPS categories was the fastest pace reached by the heifer(s) over the 30 s duration of the
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video. As expected, heifers with lower IPS were more likely to only walk around the pen
compared to those with IPS greater than 3.0, whose maximum pace was always either a
trot or a canter. Similar patterns were present for GPS categories, as those groups with
average pen scores greater than 2.0 never walked or remained stationary, and those with
average GPS greater than 3.0 always cantered/ran at some point during the test. When
expressing these patterns as a duration of time, similar patterns existed. Heifers with
lower IPS spent more time walking and standing still compared to heifers with IPS
greater than 4.0 that spent more time trotting and cantering around the pen. Interestingly,
the heifers with higher IPS also appear to have spent more time fidgeting.

When assessing an animal's IPS, the number of times a heifer attempted to escape,
head butt or hit the fence, flicked their tail, or threatened the human in the center of the
pen increased with increasing IPS, and may therefore provide more objective methods for
delineating temperament. Heifers assigned a higher IPS also remained in motion for
longer periods of time. Two useful observations that helped delineate temperaments were
whether the heifers continuously circled the pen, as that occurred more often in more
temperamental heifers, and heifers’ self-control when moving down the side of the fence.
The frequency heifers slid on the gravel into a corner of the pen was different between
heifers with an IPS greater or less than 4.0. Those with IPS less than 4.0 had enough
control to bring themselves to a complete stop before sliding and/or hitting the fence line
while heifers with IPS greater than 4.0 had too much momentum to do so, and therefore

slid into the corner, at times hitting the fence.
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As previously mentioned, cattle are herd animals. Therefore, when assessing
average GPS the willingness of the group to separate, measured by how much time they
spend together and apart, may help to delineate categories. While there was no difference
in the amount of time spent together, groups of heifers with average GPS greater than 3.0
were more likely to rejoin each other following being separated than those with lower
average GPS that often remained separated.

Frequencies of counted behaviors, and timed durations of pace, direction of
movement, and willingness to separate, did not change over events or days. Similarly,
there was no change in flight zone size, or the fastest pace reached, in the group pen tests
suggesting a lack of acclimation to repeated handling. Those results were consistent with
analysis of change in individually assigned GPS on the day of observation. Average GPS
on the first day of observation (1.69 + 0.06) was indicative of docile heifers, overall. This
is perhaps an indication of reduction in behavioral signs towards fear-eliciting stimulation
due to being placed in the presence of peers. This does not imply GPS on the first day of
the study is a good indicator of overall temperament. Instead, it could be argued that the
presence of peers masked the actual temperament of excitable animals.

Heifers did, however, acclimate to repeated handling in an individual pen setting.
Frequently handled heifers decreased in IPS more substantially on the first day of each
event compared to IN. Similarly, F had more heifers with a low flight zone size compared
to IN, as the proportion of heifers in F with medium and high flight zone sizes decreased
from d, ; to ds 3. Similarly, the proportion of heifers who remained neutral to the

presence of a human stressor followed the same pattern. While the fastest pace reached
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by each individual heifer did not differ between F and IN, within F, the proportion of
heifers that remained stationary or walked increased while the number who trotted or ran
decreased. When assessing change in average IPS across days in F, the largest decrease in
temperament occurred during the first event, and essentially remained constant for the
remainder of the study. This observation is consistent with change in CS within F as
reported by Parham et al. (2018c).

In this study, IPS may prove more useful than GPS simply because variations in
behavior are not being masked due to heifers being placed in a group setting. Analyzing
multiple animals together may not only be cumbersome, especially during a 30 s period,
but the increased comfort of the animal may mask responses that would have otherwise
been expressed individually. The ability of an animal to fully convey their response to
stress has a large implication on the effectiveness of a subjective ethogram. Grandin
(2014) warns that when CS are being used, it is important to know how tightly the animal
was restrained to prevent movement. Furthermore, possible loss in variation of CS due to
restricted movement when catching the head of the animal in the head gate, and/or using
the squeeze feature of the side panels, has been discussed as a deterrent for using CS to
quantify behavior (Vetters et al., 2013). Individual pen scores are considered a non-
restrained test and therefore leave the animal completely free to move and express as they
choose, within the confines of the pen. This provides added benefit when attempting to
evaluate the temperament of an animal. Heifers that acclimated to handling in this study

also acclimated to handling in the chute, but to a larger degree (Parham et al., 2018c). It
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could be hypothesized that this larger decrease in response is a consequence of the lack of
restraint when evaluating IPS compared to CS.

When comparing the usefulness of CS and IPS to measure temperament of an
animal, it is important to consider which is easier and safer to implement in a production
setting. It is likely that most, if not all, producers will place their cattle in a chute during
their first year of life, meaning CS would provide an easy method of quantifying
temperament that requires no extra time or effort to utilize. Comparatively, it is less likely
that producers normal handling practices require that they are individually secluded in a
pen their cattle. It would require more time, resources, and effort to record an IPS on each
animal. Furthermore, as proposed by Kilgour et al. (2006), IPS introduces a concern for
handler safety that is not present when animals are restrained in a chute. As an
illustration, the human in this study did not feel safe enough to enter the pen with a heifer
10% of the time. Although there is more variation in response when using a non-
restrained test such as pen score, safety and ease of use should be considered when
deciding between methodologies. Ultimately, that decision is in the hands of the
producer.

Conclusion

Pen scores collected on heifers either individually or as a group can be reliably
measured and are indicative of an animal’s response to stress during normal handling
practices. However, because cattle are a herd species, responses to stress were muted
when temperament was analyzed in a group setting. Therefore, if wishing to make

selection decisions, IPS may prove more useful. Producers who are unsure of how to use
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subjective ethograms to evaluate pen scores can also consider estimating each animal’s
flight zone size, how much time they spend running compared to walking, or the fastest
speed an animal reaches during evaluation. Similarly, counting how many times animals
hit or head butt the fence, attempt to escape, or flick their tail may also help delineate
temperamental and docile heifers. Overall, these simple behaviors provide producers with
yet another method to evaluate temperament in a production setting that is easy, fast, and
inexpensive. However, cattle do acclimate to repeated exposure to a human stressor in an
individual pen setting. Therefore, when cattle are excitable during their first handling
experience, more than one observation of temperament may be beneficial before
assessing docility.
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APPENDIX A: INDIVIDUAL PEN ETHOGRAMS

Ethogram Type Description

1. Docile: walks slowly, can be approached slowly,
not excited by humans.

2. Slightly Restless: aware of humans, head up, moves
away from approaching human, runs fence line,
stops and looks around.

3. Restless: constantly runs along fence line, head up.

4. Nervous: agitated, runs along fence line, head up,
looking for a way of escape, and will run if humans
come closer, stops before hitting gates and fences,
avoids humans.

5. Very Nervous: runs, head high and very aware of
humans, may run into fences and gates, flighty.

6. Wild (Aggressive): excited, runs into fences, runs
over anything in its path.

Individual Pen Score Overall

1. Stays for duration: Human feels it is safe to remain
in pen with animal for duration of observation.
2. Enters but does not stay for duration: Human feels it
Comfort of Human Overall s safe to enter pen with animal but feels unable to
remain for duration of observation.
3. Never enters pen: Human does not feel safe enough
to enter into pen with animal.

1. Neutral: Heifer is not disturbed by the presence of
the human. May move around pen.

2. Attempt to escape (Flight): Heifer's eyes oriented
towards human, moves away from threat. May look

Heifer to Observer Overall ~ for a way of escape by sticking head out of or

underneath fence.

3. Attack (Fight): Heifer is threatened to a point where
she pursues the human standing inside or outside of
the pen.

1. Low: Heifer stands still, minimal movement.
Human is clearly not within the heifer's flight zone.

2. Medium: Human may be in heifer's flight zone, or
on the perimeter of it. Heifer clearly reacts to the
presence of the human, but responds in a temperate

Flight Zone Size Overall manner (mildly or moderately) to distance herself
from human. Not as reactive as High.

3. High: (Given this score automatically if human does
not enter pen) Human is clearly in the heifer's flight
zone, which may be larger than the pen. Wildly
moves about pen. May charge human.
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Ethogram Type Description

1. Stationary: No movement.

2. Fidgets: Small movements back and forth through
nervousness.

3. Walk: Four time movement. Each leg moves on its
own and in a set order.

4. Trot: Two time movement. Two diagonal pairs of

Pace Timed legs in motion at the same time.

5. Run/Canter: The canter is a three time rhythm.
There is either left lead or right lead canter. The run
is a four beat rhythm. All four feet are never on the
ground at the same time. The run progresses out of
canter.

6. Out of view of camera.

1. Inner area of pen: Heifer stands away from the
fence line of the pen; Closest to human.

2. Long side of pen: Heifer stands along the longer
length of pen.

3. Short side of pen: Heifer stands along the shorter
length of pen.

4. Corner of pen: Heifer stands in corner of pen;
Farthest away from human.

Stationary Location Timed

1. Backwards/Turns around: Heifer changes direction
of movement.

2. Down single side of pen, stops: Heifer moves along
the fence but is able to stop before coming to the
corner.

3. Down single side of pen, slides: Heifer moves along
the fence with such momentum that she slides (feet

Timed skid) in the gravel. May run into the fence (corner).

4. Circles the pen: Heifer continuously moves about
the pen in a circular or erratic pattern. May be half or
full circles.

5. Travels through pen, diagonally: (Occurs most often
when human is not in pen) Heifer starts in one
corner of pen, and travels through the middle instead
of going down the side.

Direction of
Movement
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Ethogram Type Description
1. Number of threats (attempt to charge but turns away
in different direction).
2. Number of charges.
3. Number of times head-butts fence (actively or
Counted Behaviors Counts coincidentally due to sliding).

4. Number of times hits fence (hip or shoulder check).

5. Number of times attempts to escape (puts head
through gate, etc.).

6. Number of tail movements (quantified as a
deviation from vertical).
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APPENDIX B: GROUP PEN ETHOGRAMS

Ethogram Type Description

1. Docile: walks slowly, can be approached slowly,
not excited by humans.

2. Slightly Restless: aware of humans, head up, moves
slowly away from approaching human.

3. Restless: runs along fences, stands in corner if
humans stay away.

4. Nervous: runs along fences, head up and will run if
humans come closer, stops before hitting gates and
fences, avoids humans.

5. Very Nervous: runs, stays in back of the group,
head high and very aware of humans, may run into
fences and gates.

6. Wild (Aggressive): excited, runs into fences, runs
over anything in its path.

Group Pen Score Overall

1. Opposite, far corner: Group stands in farthest corner
from camera, next to gate.

2. Direct, far corner: Group stands in far corner, in
front of camera.

3. Inner area of pen: Group stands away from the
fence line of the pen.

4. Opposite, near corner: Group stands on the side
nearest the camera, in the opposite corner.

5. Direct, near corner: Group stands in closest corner,
directly in front of camera.

Stationary Location ~ Overall

1. Low: Group of heifers stand still, minimal
movement. Human is clearly not within their flight
zone until much later in approach.

2. Medium: Human may be in the group's flight zone,
or on the perimeter of it, during approach. Group

Group Flight Zone 0 clearly reacts to the presence of the human, but

. verall : .

Size responds in a temperate manner (mildly or
moderately) to distance themselves from human. Not
as reactive as High.

3. High: Human is clearly in the group's flight zone
upon initial approach, which may be larger than the
pen. Wildly move about pen. May charge human
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Ethogram

Type

Description

(Average) Pace

Timed

1. Stationary: No movement.

2. Fidgets: Small movements back and forth through
nervousness.

3. Walk: Four time movement. Each leg moves on its
own and in a set order.

4. Trot: Two time movement. Two diagonal pairs of
legs in motion at the same time.

5. Run/Canter: The canter is a three time rhythm.
There is either left lead or right lead canter. The run
is a four beat rhythm. All four feet are never on the
ground at the same time. The run progresses out of
canter.

6. Out of view of camera.

Attention

Timed

1. On human: The majority (3/4) of heifers in the
group are attentive to the human.

2. On camera/other human: The majority of heifers
(3/4) in the group are attentive to the camera.

3. Other: Heifers attention is either elsewhere, or not a
majority (2/4).

Willingness to
Separate

Timed

1. Together: All heifers in the group travel/are
stationary together.

2. Separate but rejoin: One or more of the heifers are
split from the group, with immediate attempt to
rejoin.

3. Separate: One or more of the heifers are split from
the group, with no movement to rejoin.
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CHAPTER SIX
SYNTHESIS AND CONCLUSIONS
Introduction

Temperament of cattle has a large impact on the beef industry. Due to its effect on
human and animal safety, producers have been inadvertently selecting against
temperamental cattle for years. However, with increased understanding of how
temperament effects pregnancy rates, growth, meat quality, and other economically
relevant traits, this selection has become more formalized in recent years, leading to an
increase in the amount of research being developed to better understand cattle behavior.
This research has led to a multitude of information being provided to producers and
others in academia about many different methods in which to delineate cattle behavior,
often times with conflicting results. This is most likely due to differences in environment,
previous handling experiences, and genetics.

Temperament is moderately heritable in beef cattle. Therefore, if accurately
selected upon, it can create real change in a relatively short amount of time. Some breed
associations including the American Angus Association, American Salers Association,
American Simmental Association, and North American Limousin Foundation release
expected progeny differences (EPD) for docility in their animals. However, these EPD
are only as accurate as the data being collected. Inconsistency between producers and the
repeatability of the trait can have an impact on how accurate these assessments of
temperament are. Furthermore, not all producers will use genetic information when

selecting sires, and even less when selecting replacement heifers for their herds.
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Therefore, it is important to provide them with methods that are fast, easy, and
inexpensive to implement during normal handling practices that are truly representative
of that animal’s overall disposition. Because of this, the objectives of this dissertation
research were to 1) develop a procedure for the evaluation of calf behavior, indicative of
physiological stress and 2) determine whether stress will change under repeated and
routine management as evaluated through behavioral and physiological measures. It is
my hope that the previous chapters have formally answered those questions. Thus, this
chapter will serve to first summarize those results, creating a larger picture of their
meaning, then further discuss the genetic component of selection for docility and how
these results can be utilized in that effort. I include a short section on what | would have
done differently based on what was learned from these data, and finish with ideas for
moving forward and an overall conclusion and recommendation for producers wishing to
select for temperament in their cattle.
Reliability and Repeatability

Before assessing any of the subjective measurements of behavior, their
repeatability as well as the reliability of their collection had to be determined. For this
study, chute and exit score were highly repeatable. From a genetics standpoint,
measurements of an animal that are repeatable are beneficial as the first measurement on
an animal is representative of future measurements. When this is the case, a smaller
number of records are required on an animal to estimate a breeding value with higher

accuracy, also requiring less resources and time.
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In their formal comparison, chute, exit, individual, and group pen scores of each
heifer was the average of three experienced observers on a given day. When assessing
their inter-observer reliability, or the agreement among those three observers, it was
determined that both chute and exit score were reliably measured not only by those three
experienced individuals, but when adding in a fourth as well. In addition, inexperience
only had a major impact on the assessment of chute score, with exit score the consistently
more reliable measure. This is believed to be a reflection of the complexity when
comparing the ethograms for chute and exit score. The ethogram for chute score
evaluates multiple behaviors at once, including the degree of movement of both the body
and head, vocalization, tail flicking, and breathing pattern. Conversely, the categories of
exit score only differ by a single adjective. This allows exit score to be easier to delineate
than chute score. However, regardless of complexity, using simple adjectives was
sufficient enough for individuals to accurately delineate behavior when restrained in and
exiting from the chute.

Furthermore, both individual and group pen scores were reliably measured. While
agreement among observers was not as strong as it was with exit score, reliabilities were
higher for individual pen score than chute score. This was not the case for group pen
score, which had the lowest reliability calculations. This could be due to the design of the
study. Both individual and group pen scores were assigned based on 30 s of observation.
This is more than enough time to assign a single pen score, but perhaps is overwhelming
when trying to assess multiple heifers in a group setting in the same amount of time.

Observers could have felt rushed, only having 7.5 s to evaluate each of the four heifers in
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the group setting. Inconsistency could have also stemmed from the three observers
viewing the heifer’s behavior in a different order. It is unlikely that the observers could
take in all four animal’s actions at once. They would have instead been watching one
heifer, assigning their score, and moving to the next. This would have undoubtedly been
done in a different order for each individual, meaning they saw different variations of
behavior, leading to slightly different scores assigned to the same animal. Regardless, all
subjective measurements were reliably assigned by experienced observers.

These conclusions impact research and production in a few ways. First, concerns
about the use of subjective methods over more objective measures and blood metabolites
can be combated, with the caveat that the subjective measures are consistent with
objective metabolites believed to be indicative of stress, which was shown. It may be
true that an exit velocity is more accurately measured than an exit score because it is not
subject to observer biases and inconsistency. However, the results of the current analyses
show that with experience, all subjective measurements of temperament are reliably
measured.

That conclusion is supported by recent research efforts dealing with qualitative
behavior assessment (QBA) of animals. Using QBA, individuals are able to use their own
adjectives to describe how an animal is behaving or feeling at the time. While it may
seem anthropomorphic, results from using this methodology have shown very consistent
and promising results across multiple individuals indicating that humans are quite
accurate when using less objective methods of evaluating behavior. Second, these results

support the use of chute, exit, and pen score to delineate cattle based on their
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temperament. This is beneficial to producers who wish to use a methodology that is fast
and easy to implement while routinely handling cattle instead of worrying about the setup
of equipment to measure exit velocity or taking a blood sample or rectal temperature.
These subjective methods are just more time and energy efficient to collect, and often
less stressful on the cattle.

Acclimation to Handling

Once reliability was established, the change in subjective measurements of
temperament over time and the relationships among each measurement was investigated.
The relationship between exit score and exit velocity is strong as they both measure
temperament as an animal is released from restraint. Therefore, both measures of
temperament are not necessary in a production setting. However, the relationship
between how an animal behaves in the chute versus exiting was negligible on the first
day of observation, suggesting these methods evaluate completely different behaviors.
This relationship grew stronger as heifers became as calm in the chute as they appeared
while exiting. While not as strong, the same pattern was evident when comparing
individual and group pen scores to chute and exit scores, with stronger associations
existing between pen and exit scores compared to pen and chute scores.

A possible explanation for this pertains to the different types of measurements
being compared. Chute score is referred to as a restrained evaluation of temperament,
because each animal is assessed while being held in a chute. However, exit score and pen
score are considered non-restrained tests as they do not limit the animal's expression of

behavior. Stronger correlations existed between pen scores and exit score than between
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pen scores and chute scores, possibly for this reason. Restrained and non-restrained tests
are measuring different aspects of temperament. Although both exit score and pen scores
are non-restrained, their correlation is not as high as that of exit score and exit velocity.
Therefore, while related, they are not necessarily measuring the same behavior, where
exit score and exit velocity undoubtedly are.

When investigating change in behavior over time, there were no differences in
exit score, exit velocity, or group pen score. In regards to chute score, cattle did not
appear to differ in temperament when comparing more or less frequently handled heifers
to the same extent as frequently handled heifers over successive days. However, pen
scores did suggest frequently and infrequently handled heifers acclimated at different
rates to confinement with a human stressor over time, with those handled more frequently
having a larger decrease in score across the first day of each event. Furthermore, the
group of heifers handled more frequently saw the most extreme drop in both chute score
and individual pen score within the first three days of the study, with scores numerically
decreasing, and essentially leveling out for the remaining six days. This is most likely due
to the relatively docile scores already assigned by the end of the first event, and heifers
not having much farther to decrease on either scale.

Average subjective measurements of these heifers on d; ; were indicative of
relatively docile cattle. This could be a reflection of the calmer starting temperament of a
research based herd of cattle as compared to a range herd. Research cattle, even as calves,
come from cows who have become accustomed to being around humans, which is not

likely the case in range cattle. This is possibly reflected in these data. Regardless, when
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analyzing change in behavior over time, it is not important whether heifers of acceptable
temperament calm down, but whether those who have a negative reaction to handling
acclimate to their surroundings. When heifers were delineated based on their initial
reactions in the chute, there was a much more drastic decrease in response over time
compared to those with calmer starting temperament. On average, all heifers were of
acceptable temperament at the end of the research trial.

While these cattle appeared to acclimate to handling while restrained in a chute
and individually in a pen, these subjective observations needed to be substantiated using
objective measurements known to be associated with stress. Moderate correlations
existed for temperature, heart rate, glucose, and serum cortisol with chute score, exit
score, individual and group pen score, as well as exit velocity. Therefore, it does appear
these measurements are accurately assessing physiological stress of an animal.
Comparisons of fecal to serum cortisol concentrations show what would be considered
"basal" to "stressed" cortisol levels, respectively. While cortisol concentrations are higher
in serum compared to fecal matter, they are not above what are considered acceptable
levels of cortisol among animals when being routinely handled. This further supports the
idea that these cattle were, on average, of acceptable temperament at the start of the
research trial.

Overall, the changes in objective measures of stress response corroborated the
conclusions drawn from the subjective methods in regards to acclimation to handling.
Again, these conclusions impact production in a number of ways. Most importantly, this

further supports the use of methods such as chute and exit score in assessing cattle
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temperament on site. While exit velocity was also correlated with objective measures, it
appears a redundant measure of an animal’'s temperament upon begin released from
restraint. As mentioned, chute and exit score provide producers with a fast, easy, and
non-invasive method to measure temperament that does not add any extra time, labor, or
equipment to assess while exit velocity requires the purchase of equipment. Furthermore,
depending on management and facilities individual pen score could provide an additional
method of measuring temperament, albeit with some additional time requirements and
safety concerns.

Another point of consideration for producers is the evidence that cattle did
acclimate to handling both in the chute and when secluded individually in a pen. These
cattle are therefore more willing to re-enter the same handling facility. This suggests that
an animal's response is not only dependent on its inherited temperament but also on
previous experiences. When cattle are handled at a young age in a calm atmosphere, they
may become easier to manage. This is not to say that all cattle will acclimate: there may
be cases where culling is necessary. However, it can be suggested that when cattle are
excitable during their first handling experience, more than one observation of
temperament may be beneficial before assessing docility. This may prevent culling an
animal based strictly on its initial response to novel stimuli.

As a final observation, the most interesting occurrence when viewing these data is
the increase in chute score and group pen score of the most frequently handled heifers
between the first and second day of observation. This increase was evident when

analyzing all heifers in the study, and remained for all except the most temperamental
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heifers when delineating based on chute score. The heart rate of these heifers also
increased on the second day, along with an increase in creatine kinase concentrations on
the third day. Creatine kinase is present in the blood as a result of tissue damage or
bruising. This increased circulation of this metabolite in the blood on the third day could
be a result of increased movement in the handling facility, and when restrained in the
chute, resulting in some tissue damage in temperamental animals.

Overall, it appears that when cattle are handled for two consecutive days, they are
more temperamental on the second day of handling. Previous personal experiences in
working cattle would support this conclusion. However, by the third consecutive day the
behavioral response was less drastic, suggesting they were accustomed to the handling
process. In regards to this, it is interesting to consider the number of cattle that were
handled on the first as compared to the second day, and the time that would be required to
work those heifers. On the first day, all forty heifers were handled, which would take
twice the amount of time as the second day, when only twenty heifers were worked. This
increase in response from the first to second day may be a reflection of heifers
unwillingness to be out of their pastures for such an extended period of time yet again.
However, on the third day, the same twenty heifers were handled once more, taking
perhaps even less time than the second day, possibly resulting in less residual irritation.
Individual versus Group Pen Assessment

Since both individual and group pen scores were recorded, detailed ethograms
were developed in an attempt to further delineate behaviors ranging from how many

times an animal flicks their tail to the amount of time spent walking in the pen. It was our
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hope that some of these detailed behaviors would prove useful in delineating
temperament of animals to further assist producers in their assessment of temperament in
their cattle. Assessing flight zone size and the fastest pace reached by animals in both a
group and individual setting appear to be effective when wishing to assess temperament.
In some cases, a groups’ willingness to remain separated from each other in a pen was
also an indicator of temperament of the group as a whole. However, many other
behaviors taken as an average of the group lose a majority of the variation that is present
when assessing animals individually. Cattle are just not as easily stressed when in the
presence of their peers due to their herd mentality. This is supported by the fact that on
average, no group of cattle had an average group pen score greater than 4.0, and only one
group's pen score average was equal to 4.0.

When assessing cattle individually, however, there is a large amount of behavioral
variation expressed. The number of times an animal attempts to escape, head butts or hits
the fence, flicks its tail, or threatens can be recorded with pen scores with larger numbers
occurring in more temperamental cattle. Furthermore, temperamental cattle appear more
aggressive towards a human when secluded individually in a pen, moving around more
often and at faster paces; conversely, docile cattle appear undisturbed, and are more
likely to stand still or walk around the pen.

Conclusion

In conclusion, subjective measurements of temperament provide a more realistic

and beneficial methodology to measure temperament in a production setting. Exit score

and exit velocity are highly correlated, but measure completely different behaviors than
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chute score. Both chute and exit score are repeatable, and can be reliably measured, more
so if individuals have experience in using the ethograms and delineating the behaviors
described within. Furthermore, individual and group pen scores were also reliably
assigned, making them useful tools to make selection decisions. However, it is important
to consider that some cattle may acclimate to gentle, repeated handling when completed
at a young age. If an animal’'s temperament is the primary trait of interest in a breeding
program, or is completely unmanageable, then culling of that animal may be justified.
However, allowing acclimation to handling may be of value when individual animals
have borderline acceptable temperament, especially when balanced with other breeding
objectives. Cattle that excel in all other aspects of a producer’s breeding goal may benefit
from additional observations of temperament before final selection decisions are made.
How Does This Impact Selection Decisions?

Temperament is a moderately heritable trait in beef cattle, and can therefore be
efficiently selected for. Two methods of selection for temperament have been proposed,
first by using docility EPD when selecting sires, and second by making independent
threshold culling decisions on females. Whether implemented separately or together,
research has shown that both methods would result in change in temperament within a
herd. Depending on the method and end goal of production, there are many things that
should be considered and warrant further discussion.

First, this research shows that chute and exit score are repeatable. However, this
statement is followed by the idea that an animal's first reaction to novel stimuli is not

indicative of future performance. These are obviously conflicting ideas, but further
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explanation may provide clarity. First, repeatability of these methods were estimated
using the first day of each event. Regardless of how the data were analyzed, exit score did
not change over time, likely due to the generally low starting exit score for all heifers.
This would explain its high repeatability. Conversely, chute scores appeared to decrease
over time, following the second day of observation. However, once the third day was
complete, there was no further decrease in chute score, which may have contributed to
raising the repeatability of the measure. In other words, giving cattle time to acclimate to
their surroundings helps to obtain a more consistent measure of temperament while
restrained. Furthermore, only the most temperamental cattle had substantial decreases in
chute score over time, simply as a reflection of the ethogram. If heifers had a starting
chute score of two, they did not have much room on the scale to acclimate compared to a
heifer with a starting score of four. The high repeatability suggests that in regards to
estimating breeding values for sires or dams, small numbers of observations will still
result in an accurate estimate. However, the idea of giving an animal time to acclimate is
more useful for producers who have animals of borderline acceptable temperament that
may excel in other areas of their breeding program.

It is worth noting, however, that the definition of temperament is an animal's
response to novel stimuli. Once given time to acclimate to an experience such as handling
through the same facilities, the experience is no longer novel. Therefore, if a heifer is
acclimated to being worked through a specific chute, but then is asked to load into the
back of an unfamiliar trailer, she may react in a similar manner to the first time she was

handled, as it is a new novel experience.
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Taking these points into consideration, how a producer selects for temperament
may differ depending on their production goals and end customer. A cow-calf operation
produces calves each year, but these calves could be sold to a feedlot, used as
replacement heifers, backgrounded and sold as yearlings, or even raised and sold as bulls.
All of these outcomes would benefit from differing levels of docility. The starkest
contrast would be to compare calves to be sold in a feedlot to those heifers kept as
replacements. It has been suggested that selecting for increased docility in females results
in a decrease in maternal defensive aggression. Therefore, cows that deliver and rear a
calf in range conditions may not benefit from being more docile, even though it would
facilitate safer handling. Conversely, this maternal protective behavior is not of a concern
for the feedlot sector of industry. Therefore, selection for increased docility, or at least
acclimation to handling, would result in safer working conditions for both animals and
handlers, and have a positive impact on many other important economic factors already
discussed. Producers would want to be careful to not select for cattle so docile they are
difficult to move through the working facilities, be it on their own operation or in a
feedlot. Overall, some sort of intermediate temperament could be the best selection
practice for producers.

One method to select for temperament that may assist in this, but is not currently
available, is a separate selection index for docility. Selection indices provide producers
with one value to compare across sires that incorporates multiple sources of information.
An index for docility could be developed that incorporates the many different facets that

temperament effects in the industry. This idea came about due to the lack of information
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in literature that places a dollar amount on the impact of temperament on the beef
industry. It was an initial goal to begin the process of developing such an economic index
to help producers better understand the impact of selecting for temperament in their
cattle. However, one of the difficulties in developing new indexes is to ensure that the
traits that are being incorporated are not present in any other existing indexes, referred to
as double counting. In the case of docility, it is likely that its effect on meat quality and
growth are already inadvertently incorporated into the dollar beef ($B) index, or any
index that deals with meat quality. The same is likely true for its impact on reproduction,
immune function, and other known impacted traits. Where docility is not incorporated is
its impact on human safety and equipment costs. However, development of an index is
only as accurate as the information used to develop one. Unfortunately, incidences of
worker injury due to an animal are not as readily documented as one would hope.
Coming by an honest representation of that information is difficult. Even starting at the
feedlot sector trying to obtain information on animal and human well-being as well as
docility of cattle was not successful. Therefore, this idea was forgone for other research
topics. However, if available, a selection index for docility that incorporates new
information would be beneficial to the beef industry, especially producers hoping to
select for docility.

Hindsight is 20-20
As with any project, learning the results and issues that arose from the existing
design and execution always leave room for improvement or things that could have been

done differently. For this project, the first realization pertains to the selection of sires and
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randomization based on the frame size of the animal. While these divergent lines were
created for a separate university project, the frame size was consistently insignificant and
was removed from all data analyses in regards to docility. If the resources were available,
it would have been more efficient to select sires for this project based on their docility
EPD. This way, selection for divergent lines could have resulted in more variation in
temperament responses that what was obtained from these research based heifers.

Not only could docility EPD have been taken into consideration when selecting
sires, but a more thorough selection of sires across years would have been beneficial in
estimating genetic parameters. In the first year of the study, there were quite a few heifers
selected that were sired by clean up bulls unrelated to prominent Al bulls used; this
decreased the total number of heifers available for use in genetic evaluation from an
already small number. In the second year of the study, more of an effort was placed on
creating genetic connectedness across years, using some of the same sires from the first
year of the study. By the third year, all forty heifers were from Al sires, and had multiple
half-sibs in the project. Although the selection of sires became better over time, this was
not an initial consideration in the study.

When estimating heritability and repeatability, all geneticists will ask for more
animals to obtain more precise estimates with smaller standard errors. It really is the case
for this project. Although the estimates of heritability and repeatability were consistent
with those found in literature, the small number of animals resulted in large standard
errors. Since chute and exit score are highly repeatable, that means that accurate

estimates can be obtained using a small number of observations on an animal. Therefore,
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if conducting this study again, genetic analyses would of course benefit from using more
animals, but more importantly, it would benefit from using even more sires.

Another possible area of criticism in regards to the design of this study is that all
heifers were handled by the same individual in a calm manner across all days of the
study. Because of this, special attention was made to ensure any acclimation conclusions
were prefaced with the statement that these heifers were repeatedly handled in a calm
manner. This is not likely representative of how all cattle are handled in the industry. My
first response to this comment would be that all cattle should be handled this way in
every area of production; however, that is quite the stretch of imagination. Therefore, if
conducting this study again, | would wish to implement a criss-cross experimental design
in which each year heifers were randomly assigned to either a calm or excited treatment
protocol initially. As an illustration, suppose 100 heifers were available for use in this
study; 50 would be assigned to the calm and excited treatment protocols, separately.
Those in the calm treatment protocol would be handled identical to the current study,
while those in the excited treatment would be handled in a louder and rougher
environment. However, after the initial three days of observation, treatment protocols
would then be switched for the next three days for half of the heifers in each category (n
= 25 from calm to excited and n = 25 from excited to calm), and then back to the original
protocol for the final three days. As a control, the other half (n = 25) of each treatment
protocol would remain in their respective groupings for all nine days of the study.

Statistical analyses would then account for the design of the study, quantifying any effect
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on temperament response from prior treatment assignment, which may be useful in the
summary of results.

Designing a study such as this would not only quantify the impact of rougher
compared to calmer handling, but would also compare the effect of previous handling
experiences on current temperament measures.

Learning and Moving Forward

While the ideas in the previous section would be beneficial, they were not
implemented in the current experimental design. However, there are still many things that
can be taken away from this research trial. Most importantly, selection for temperament
in cattle is possible. Not only indirectly, as producers have been doing for years, but also
directly using measurements such as chute score, exit score, and individual pen score.
When comparing methodologies, they appear to be measuring different behaviors.
However, if producers are only wishing to use one measurement to select for
temperament, | would suggest the use of chute score. Although heifers acclimated more
substantially in an individual pen setting, and non-restrained tests give animals’ full range
to express variations in behavior response, placing each individual animal into a pen by
itself and assessing temperament is not as easily implemented into normal handling
practices as chute score, and is less safe for the animal and handler. Furthermore, strong
correlations between IPS and CS suggest only one measurement is necessary to quantify
temperament. One instance where behavior in a pen could be assessed routinely would be

if producers calve in a dry lot or pasture close to their residence. However, it could be
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argued that maternal defensive aggression may complicate the interpretation of
temperament.

Although more difficult to delineate, | find CS the more useful measure and the
one that producers are probably more concerned with in practice. The main contact that
producers have with the animal occurs when it is restrained in the chute, be it giving
shots, pouring on fly spray, or artificially inseminating. This is also when the animal is
most likely to injure itself by flailing around and sticking legs or other extremities where
they do not belong.

Using chute score as a measurement of temperament can help producers pinpoint
threshold behavior that is unacceptable to them, hopefully while ensuring cattle are not
too docile and therefore difficult to work through the handling facilities. However, for
this to be successful, it is imperative that producers fully understand the behaviors they
are delineating. Accurate selection decisions do not occur without understanding of the
different phenotypes being selected upon. This is where extension professionals come
into the picture. It is the mission of all extension personnel to educate the industry on
methodologies and ideas that will benefit their operation. Providing them with
educational information in regards to selection for temperament that they can incorporate
into extension programming would further promote understanding and utilization of this
technology.

Bringing this idea to fruition, during my doctoral career, | was given the
opportunity to work alongside an undergraduate student in the design, approval,

recruitment, implementation, analysis, and summary of a research project aimed at
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improving the reliability of chute score evaluations of beef cattle. Participants differed in
age and genders, and ranged in their level of beef cattle experience. Individuals were
shown video clips of heifers restrained in a chute and were asked to evaluate their
behavior using the same ethogram available during the initial study. Based on responses
to a survey, individuals were then randomly assigned to one of three treatments
consisting of no training, being asked to watch a 20 min video describing the ethogram
and providing examples, and watching the same video along with practicing applying the
ethogram to 10 videos of cattle restrained in a chute. One week later, individuals returned
and completed their respective treatments and re-watched another set of video recordings.
It was concluded that age, sex, and prior cattle handling experience had no significant
impact on the increase in the reliability between the first and second session. Both
methods of training significantly increased interobserver reliability when compared to the
control. However, there was no difference in reliability between the two treatments. It
was proposed this was due to frustration with the duration of the video and additional
practice videos. Therefore, it is our goal to decrease the length of the training video
presentation and provide it, along with optional sample videos showing application of the
ethogram, to beef cattle producers across the state of Nebraska and elsewhere. This could
be achieved using the University of Nebraska's beef cattle extension website and the
annual Nebraska Beef Cattle Report, allowing far-reaching communication of these

materials to the beef cattle industry.



