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ABSTRACT: Continuous observations are an accu-
rate method for behavioral measurements but are diffi-
cult to conduct on large numbers of animals because
of extensive labor requirements. Thus, we sought to
develop methods of behavioral data collection in feedlot
cattle production systems that reasonably approxi-
mated continuous sampling. Standing, lying, feeding,
drinking, and walking behaviors were examined from
224 h of continuous video from 64 heifers. Experiment
1 (n = 24 heifers) compared continuous behavioral sam-
pling techniques (Continuous) with scan sampling us-
ing intervals of 1, 5, 10, 15, 30, and 60 min and time
sampling (a technique for the periodic recording of be-
havior) for the first 10 min out of every 60 min. Means
for each scan sampling method did not differ in esti-
mated percentage of duration of behaviors (P > 0.05)
from continuous sampling, except for scan sampling
with a 60-min interval. Scan sampling with a 60-min
interval differed from more frequent scan sampling in-
tervals for all behaviors except lying. Scan sampling
with short intervals (1 and 5 min) was correlated highly
with Continuous for all behaviors. The longer the scan
interval, the lower the correlations, especially for be-

haviors with short duration. Time sampling was not an
accurate technique for measuring the sampled behav-
iors. Focal animal sampling (using continuous sampling
ofindividuals) indicated that one heifer was representa-
tive of the entire pen of 10 animals (Continuous) for all
maintenance behaviors except drinking. Scan sampling
methods (1-, 5-, 10-, and 15-min intervals) were accu-
rate methods of behavioral sampling for feedlot cattle,
but scan intervals of 30 or 60 min were less accurate
and less precise. Time sampling was not an accurate
method because it overestimated standing and underes-
timated lying behaviors. Experiment 2 (n = 40 heifers)
investigated the number of focal animals required to
accurately represent continuous behavioral sampling
for all animals. Focal animal sampling was accurate
for most behaviors using as few as 1 animal out of 10
but was not an accurate method for drinking behavior
unless 40% of the animals in the pen were observed.
Estimates of sample sizes needed for experimental pro-
tocols are provided. Behavioral means, standard devia-
tions, and coefficients of variation are presented along
with estimates of required sample sizes. These results
validate accurate, precise, and efficient methods for
quantifying feedlot cattle behavior.
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Introduction

Physiological analyses that seek to quantify animal
responses must be validated in the laboratory to ensure
that appropriate conclusions can be drawn from the data.
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Behavioral observations also are a type of “assay” that
is used to quantify animal biological responses. As with
physiological measurements, methods of behavioral ob-
servation should be validated and selected based on the
objectives of the particular study. The limitations and
advantages of different types of observational sampling
methods of animal behavior have been examined by Alt-
mann (1974), Arnold-Meeks and McGlone (1986), Martin
and Bateson (1993), and Lehner (1996). These tech-
niques have been discussed with regard to a range of
animal species such as mice, swine, and primates; how-
ever, there have been no studies of this nature conducted
on cattle maintained under feedlot conditions. Sampling
cattle behaviors under feedlot conditions demands a high
degree of labor, equipment, and time. Large numbers of
animals per pen (the usual experimental unit) makes it
difficult to sample the entire population continuously.
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Therefore, alternative sampling techniques for the condi-
tions of the feedlot environment need to be selected. The
most widely used technique for behavioral observations
of cattle is scan sampling (Ray and Roubicek, 1971,
Kondo et al., 1983; Gonyou and Stricklin, 1984), al-
though this method has not been validated for use in a
feedlot situation. The objectives of our studies were 1) to
compare and validate scan sampling and time sampling
with continuous sampling, 2) to determine the number
of focal animals required to represent the entire popula-
tion of animals for maintenance behaviors, and 3) to
estimate sample sizes required for feedlot cattle behav-
ior research.

Materials and Methods

General

Studies were conducted at the Texas Tech University’s
experimental feedlot in New Deal, TX. Animals were
housed and used in accordance with the Guide for the
Care and Use of Agricultural Animals in Agricultural
Research and Teaching (FASS, 1999), and Texas Tech
University Animal Care and Use Committee approved
the project.

Animals

In Exp. 1, 24 Charolais-cross heifers, approximately
10 to 12 mo of age, were assigned randomly to 12 groups
of two animals per pen. Concrete pens with partially
slatted floors were used with a space allowance of 9 m?%/
heifer. Feed was a 90% concentrate diet, fed once daily
(1000), and water was available at all times.

For Exp. 2, 40 Charolais-cross heifers, 10 to 12 mo
old, were allocated randomly into four pens (10 animals/
pen). Pens were dirt floored with a stocking density of
50 m%heifer. The heifers were bunk-fed a 90% concen-
trate diet once a day (1000) and had free access to the
feed and water.

Behavior

In both experiments maintenance behaviors (stand-
ing, lying, feeding, drinking, and walking) were recorded.
Standing was considered to be an inactive upright pos-
ture (no locomotion), whereas lying was defined as body
contact with the ground. Feeding was defined to be head
over or in the bunk, and drinking as the head over or
in the water trough. Walking was defined as any change
of body location within the pen. Behaviors were recorded
in normal speed (30 frames/s) with a video system (Pana-
sonic camera Model WV-CP412 and Panasonic video cas-
sette recorder Model 6730).

Experiments

Exp. 1: General Methods. Each animal in Exp. 1 was
filmed for 6 h composed of three 2-h blocks. Each 2-h
block was filmed at different times and days in Septem-
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ber 1998. For example, Animal 1 was observed from
1000 to 1200 on d 1, 1200 to 1400 on d 2, and 1400
to 1600 on d 3. This procedure prevented time-specific
behaviors (e.g., lying) from dominating the dataset and
provided raw data that represented different levels of
activity. A total of 144 1-h observations were conducted,
and these constituted the database. The acquisition of
continuous data for both experiments was conducted by
one trained person who viewed (30 frames/s) and entered
the data from videotapes into the computer using the
Observer software (Noldus, The Netherlands).

Continuous Sampling. Martin and Bateson (1993) de-
fine continuous sampling as being an “exact and faithful
record of the behavior, measuring true frequencies and
durations and the times at which behavior patterns
stopped and started.” Continuous sampling is the contin-
uous recording of the behaviors an animal performs at
any given time. In both experiments, continuous sam-
pling (Continuous) was the control for validating the
other sampling techniques. Tapes were reviewed at the
speed at which they were recorded (30 frames/s).

Scan Sampling. Scan sampling describes which behav-
ior an animal (or a group of animals with each animal
in turn) exhibits at a fixed time interval (Colgan, 1978).
In Exp. 1 continuous data were used to create the scan
sample data set. Selected data points within the continu-
ous data set were extracted and used to create a scan
sample data set (i.e., every 60th second was used to
create the scan sample for a 1-min interval). Behaviors
were analyzed at scan intervals of 1, 5, 10, 15, 30, and
60 min.

To represent behavior over an entire hour, scan sam-
ples were multiplied by the appropriate factor (1-min
data were multiplied by 60, 5-min data by 12, and so on).
Durations (per hour) of each behavior were converted to
a percentage of the total time, and these percentages
were then square root-arcsine transformed to achieve
normal distribution. Transformed data were analyzed
using the General Linear Model in SAS (SAS Inst. Inc.,
Cary, NC). The treatments were the individual sampling
techniques: continuous and scan sampling. The model
included animal, pen, treatment, and the treatment x
animal interaction. The error term treatment x animal
was used to test treatment effects. Residual error was
used to test all other effects. Two-tailed ¢-tests were
used to separate treatment means following a significant
overall F-test. Pearson product correlations (SAS Inst.
Inc.) were used to correlate duration of behavior from
scan samples with continuous observations.

Time Sampling. In time sampling, only a portion of the
total behavioral observation time is recorded (Arnold-
Meeks and McGlone, 1986). In Exp. 1, the duration (s)
of the behaviors within the first 10 min of each hour
were continuously measured and the average was then
multiplied by 6. These data were then correlated to aver-
ages of the continuous 1-h sampling. The least squares
means and standard deviations of the transformed
(square root-arcsine transformation) data were calcu-
lated using GLM procedure. Again, Pearson product cor-
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Table 1. Least squares means®, standard errors, and P-values for percentages of maintenance behaviors of 24
Charolais-cross cattle under feedlot conditions measured with different sampling techniques
(values are percentage of the total duration for 2 h)

Sampling method

Scan samples,

Conti minute-intervals between scans Timle

ontinuous sample,

Behavior sample 1 5 10 15 30 60 10 min/h SE P-value
Standing 13.26" 13.44° 13.39° 12.27° 12.50P 15.62° 20.49° 19.89° 1.23 0.001
Lying 71.93° 72.04° 72.16" 73.73b 72.83" 74.65b 73.96" 65.40° 1.34 0.001
Feeding 10.0° 9.97° 10.36" 10.36" 10.68° 8.33° 5.55¢ 10.05 1.12 0.027
Drinking 0.91% 0.94" 1.07 1.22° 0.87" 0.35" 0.00¢ 0.94" 0.27 0.034
Walking 3.90° 3.61° 3.07° 2.43P° 3.13" 1.04° 0.00¢ 3.7° 0.51 0.001

#Least squares means are presented as untransformed means. Analyses were on transformed data. SE is the pooled standard error of the

least squares means.

bed] east squares means with different superscripts differ (P < 0.05).

relations were used to correlate duration of behavior for
time sampling vs Continuous.

Exp. 2: General Methods. In Exp. 2, 40 heifers were
filmed over 2 h (from 1000 to 1100 and from 1300 to
1400 h) on the same day. The video recorder filmed at
30 frames/s. Heifers were fed and housed as described
previously.

Focal Sampling. Focal sampling is the random selec-
tion of one or a few animals out of a population with the
continuous recording of their behaviors. These samples
are intended to represent the behaviors of the entire
group (Jensen et al., 1986). To determine the number of
focal animals needed to represent the behavior of an
entire group of 10 animals, the video records were ana-
lyzed for 10 individual animals. Percentage of duration
of each behavior (of one to nine animals) was compared
to the total group of 10 animals. The data were square
root-arcsine transformed, and least squares means and
standard errors were calculated using GLM procedure.
Least squares means were compared using the predicted
difference test within the LSMEANS option of GLM.

Sample Size Estimates. Before studies are initiated, it
is prudent to estimate the number of replications (N)
required to detect an expected difference among means.
We conducted basic Student’s ¢-tests, using the standard
deviation estimated from continuous data collection, to
estimate the N required. The P-value was set at 0.05
and differences among means were set at 10, 25, and
50% (treatment vs control). Calculations were performed
using either the animal or the pen as the experimental
unit because of different standard deviations for pen- or
animal-based measurements.

Results

Scan and Time Sampling: Comparison of Means. Table
1 shows the least squares means, standard errors, and
probabilities for behaviors comparing different sampling
techniques. Means for scan sampling with scan intervals
of 1, 5, 10, or 15 min were similar to Continuous for all
behaviors. A scan interval of 30 min was similar to all

behaviors except walking (P < 0.001). Most scan methods
determined the time spent lying and standing accurately
and were not different from Continuous. The only excep-
tion was scan sampling, using the 60-min interval, which
not only differed from Continuous for standing behavior
(P < 0.001), but also for feeding, drinking, and walking
(P < 0.05). Comparison of least squares means for time
sampling with Continuous showed significant differ-
ences for means of standing and lying behavior. Time
sampling overestimated standing (P <0.01) and underes-
timated lying (P < 0.01) behavior. Percentage of time
spent drinking, feeding, and walking were similar be-
tween time sampling and Continuous (P > 0.05).

Scan and Time Sampling: Correlations. Correlations
between scan and time sampling with Continuous are
presented in Table 2. Behaviors measured with 1-min
scan samples were highly correlated with Continuous (r
>0.97; P<0.01). For standing, lying, and feeding behav-
iors scan sampling measured in 5- and 10-min intervals
correlated moderately (r > 0.82; P < 0.01) with Continu-
ous. Correlations between the 15-min scan and Continu-
ous were moderate for standing and lying behaviors (r
> 0.83; P < 0.01). Scan sampling for 5, 10, and 15 min
correlated moderately with Continuous for drinking and
walking (r<0.80; P<0.01). For these behaviors (drinking
and walking) scan sampling at 30-min intervals and
Continuous showed a low correlation (r < 0.36; P < 0.01)
and scan sampling with a 60-min interval was inestima-
ble because scans were zero (behaviors were not recorded
during the scan moments). Low correlations also were
found between time sampling and Continuous for all
behaviors (r < 0.63; P < 0.01).

Focal Animal Sampling: Comparison of Means. The
five behaviors were compared between one through nine
focal animals and the total of 10 heifers per pen (Table
3). For all behaviors, no differences in percentage of time
were found for four to nine focal animals compared with
that of 10 heifers. Percentage of time for drinking behav-
ior was different (P < 0.01) for one to three focal animals
compared with means for 10 heifers per pen.

Sample Size Estimates. Estimate of means, standard
deviations, coefficients of variation (CV), and replica-
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Table 2. Correlation coefficients of behavioral sampling techniques
compared to continuous sampling

Sampling method
Scan samples, .
minute-intervals between scans Time

sampling,
Behavior 1 5 10 15 30 60 10 min/h
Standing 0.996%* 0.946%* 0.873%* 0.837%* 0.710%* 0.573%** 0.627%*
Lying 0.999%* 0.991%* 0.973%** 0.932%* 0.778%* 0.485%* 0.542%*
Feeding 0.997%* 0.941%* 0.824%* 0.761%* 0.581%* 0.175%* 0.464%**
Drinking 0.984%* 0.744%* 0.673** 0.394%** 0.358%* NE? 0.502%*
Walking 0.971%* 0.686%* 0.502%* 0.374%* 0.104 NE? 0.503%**

AThese r-values were not estimable (NE) because all scans of these behaviors were zero and thus there
was no variation. An infrequent scan would not be expected to pick up infrequent behaviors.

N = 144 observations.

*Significant effect at P < 0.05 (r > 0.17); **P < 0.01 (r > 0.23).

tions needed are presented in Table 4. The number of
replications required to detect a 10, 25, or 50% difference
among means varied from two for lying and feeding with
pen as the experimental unit and 25 or 50% difference
to 3,600. Drinking and walking required a very large
number of replications due to the very high CV values.

Discussion

As with any biological assay, requirements for accu-
rate methods to measure cattle behavior should include
a high correlation and a similar mean to some standard.
In most behavioral studies the standard is continuous
sampling. Continuous all-animal behavioral sampling
in beef cattle feedlots is extremely difficult to perform
because of the high number of animals per pen (10 to 200)
and the low frequency of occurrence and short duration of
some behaviors. This study used continuous analysis of
behavior for both experiments as the standard to com-
pare to other, less time- and labor-intensive sampling
methods.

The results from this study show that scan sampling
techniques with relatively short interval lengths (1, 5,

10, or 15 min) were accurate and precise for measuring
durations of standing, lying, and feeding behaviors but
were less precise for drinking and walking behaviors.
Scan sampling techniques with long intervals (e.g., 30
or 60 min) were generally neither accurate nor precise
for measuring behaviors with short durations. Scan sam-
pling with a 60-min interval was an inappropriate sam-
pling technique for behaviors because it lacked accuracy
and precision in predicting Continuous. These findings
support the conclusions of Jensen et al. (1986) and Mar-
tin and Bateson (1995) that scan sampling methods can
provide an unbiased estimate of percentage of time of
the behavior studied when the scan interval is short
enough relative to the duration of the behavior being
studied and enough animals are sampled.

Several authors have used scan sampling with broader
intervals to measure behavior in feedlot cattle. Ray and
Roubicek (1971) recorded feeding, drinking, and walking
using 1-h intervals. In a feedlot cattle behavior study,
Gonyou and Stricklin (1984) also performed scan sam-
pling at a 1-h interval for standing, lying, feeding, and
drinking in one trial but Continuous for standing, lying,
eating, drinking, licking and scratching (self), cross-

Table 3. Means and standard errors for percentages of behaviors when comparing all

animals vs subsamples of focal animals using the t-test

Behavior
Number of focal
animals Standing Lying Feeding Drinking Walking
All animals (n = 10) 23.35 + 3.52 46.95 + 6.19 21.16 + 4.02 2.14 + 0.96 6.40 + 0.97
9 23.91 + 3.77 48.07 + 6.52 18.95 + 3.80 2.38 + 1.06 6.68 + 1.06
8 25.38 + 4.10 45.08 + 6.86 20.13 + 4.11 2.64 + 1.19 6.77 £ 1.09
7 24.48 + 4.15 44,42 + 7.21 21.14 + 4.49 2.79 + 1.36 717 £ 1.21
6 23.64 + 4.56 46.71 + 7.59 21.62 + 5.06 2.00 £ 1.14 6.03 £ 0.84
5 25.33 + 5.32 43.26 + 8.36 22.78 + 5.37 2.33 + 1.36 6.30 + 0.88
4 2712 + 6.31 42.37 + 9.49 22.69 + 6.44 1.46 + 1.03 6.36 £ 0.99
3 23.63 + 6.42 45.97 + 10.53 23.80 + 7.85 0.14 + 0.01** 6.46 + 1.18
2 27.52 + 8.79 40.17 + 13.05% 24.65 £ 10.55 0.21 + 0.14** 7.46 + 1.35
1 26.06 + 13.11 35.31 + 20.81 29.84 + 18.87 0.17 + 0.17** 861 + 1.76
*P < 0.05.

**P < 0.01.
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Table 4. Mean values (% of observations), standard deviations (SD), coefficient of variation (CV, %) and numbers
of experimental units (EU) required when either the animal or the pen is the EU. Data are based on continuous
observations. Sample size estimates are based on assumptions that may differ among studies. When the
estimated number of replicates was less than 2, then a value of 2 was entered into the table

Replications needed

Animal EU Pen EU

Animal EU Pen EU To detect a mean difference of: To detect a mean difference of:
Behavior Mean SD (0)% SD ()% 10% 25% 50% 10% 25% 50%
Standing 14.8 18.1 122.7 6.7 49.1 935 150 37 128 20 5
Lying 70.0 28.9 414 7.4 10.4 107 17 4 7 2 2
Feeding 10.1 13.7 134.9 1.3 12.8 1,150 184 46 10 2 2
Drinking 1.0 2.4 263.3 0.8 81.1 3,600 576 144 400 64 16
Walking 4.2 5.7 134.9 2.2 54.8 1,151 184 46 171 27 7

grooming, and engaging in agonistic behaviors in a sec-
ond trial. Our results indicate that the scan sampling
technique with intervals of not more than 15 min was
accurate for behaviors with long duration (lying, stand-
ing, and also feeding); however, behaviors with short
duration (walking or drinking) had low correlations with
the Continuous methods. Scan samples of 30 or 60 min
are only suitable for measuring lying behavior of feed-
lot cattle.

Time sampling demonstrated unacceptably low corre-
lations for all behaviors with Continuous when pens
were sampled for 10 min/h. Similar findings have been
reported in pigs (Arnold-Meeks and McGlone, 1986). Us-
ing time sampling with a 10-min period, one could ob-
serve six animals or pens of animals per hour. In that
same time, many more pens could be observed with
greater accuracy using scan sampling, thereby allowing
collection of more experimental units per hour at a
greater accuracy than with time sampling.

The number of focal animals that represented the en-
tire pen of 10 animals accurately for feeding, standing,
and lying behaviors was as few as 1 animal out of 10.
Thus, by observing 1 animal per 10, one can accurately
record certain behaviors of the group of animals. For
drinking behavior, which has a short duration and high
individual variation, at least 4 focal animals out of 10
were required to get an accurate representation of all
animals in the pen.

To assist future investigators, we calculated the mini-
mum number of replications needed for sampling cattle
behavior in the feedlot environment (Table 4). The num-
ber of replicates depends on many factors, including the
difference in treatment means expected, the variation,
and whether the experimental unit (EU) is the animal
or the pen. From the data in Table 4 it is clear that
the number of EU needed was much greater when the
animal was the EU because the variation among animals
was much higher than the variation among pens of feed-
lot cattle (note SD in Table 4). For infrequent behaviors
such as drinking and walking, the number of replications
needed to detect a meaningful biological difference is
quite high and use of methods other than those reported

here might be required to obtain useful information. If
the assumptions we used vary, then the estimates of
sample size would vary, too. Animal care and use com-
mittees could use these estimates of required sample
size as a first approximation.

Implications

Each behavioral sampling technique has specific
strengths and weaknesses and must be carefully selected
based on the objectives of the particular study. Scan
sampling with an interval of 10 min or less will effec-
tively represent feedlot cattle behaviors examined. Focal
animal sampling was an acceptable technique only for
behaviors of long duration (e.g., feeding and lying). Time
sampling is unacceptable in accuracy for most behaviors.
Scientists using behavior to accept or reject null hypothe-
ses should include a validation of their “behavioral
assay” to ensure proper collection and interpretation of
the data.
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