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CASE STUDY: Tympanic Temperature
and Behavior Associated with
Moving Feedlot Cattle1,2

T. L. MADER*, PAS, M. S. DAVIS†, PAS, and W. M. KREIKEMEIER‡, PAS
*University of Nebraska, Department of Animal Science, Northeast Research and Extension Center,
Concord 68728, †Koers-Turgeon Consulting Services, Inc., Salina, KS 67401, and ‡Alltech
Biotechnology, 151 8th Road, Dodge, NE 68633

Abstract
Body temperature is often used as an

indicator of animal health status. In a
series of handling experiments, tym-
panic temperatures (TT) were obtained
in unrestrained feedlot cattle. In a Janu-
ary experiment (BW = 531 ± 54 kg),
TT were increased (P<0.05) 0.65°C and
0.58°C by moving cattle 600 m in
morning and afternoon, respectively.
Moving cattle (BW = 456 ± 67 kg) 150
and 600 m in August elevated TT by
0.30°C and 0.67°C, respectively. Mov-
ing cattle (BW = 415 ± 62 kg) 900 m
in June elevated (P<0.05) TT by
0.78°C. Recovery TT was determined to
be the time peak TT declined to levels
equal to or below control (non-moved
cattle) TT. Recovery times averaged 3.5
h in the winter, but ranged from <1 h
to approximately 2 h in the spring and

1A contribution of the University of Ne-
braska Agricultural Research Division. Jour-
nals series 14420. Partial research support
provided by the Biological and Environ-
mental Research Program, U.S. Dep. of En-
ergy, through the Great Plains Regional
Center of the National Institute for Global
Environmental Change (NIGEC) under Co-
operative Agreement No. DE-FCO3-
90ER61010.
2To whom correspondence should be ad-
dressed: tmader@unlnotes.unl.edu

summer experiments. Moving cattle de-
creased (P<0.05) feed intake by approxi-
mately 1 kg/d for up to 48 h after mov-
ing was completed. Moving cattle in the
morning also decreased (P<0.05) the
number of animals resting in the after-
noon (1400 h; Experiment 3) and in-
creased (P<0.05) the number of ani-
mals panting throughout the day (1100
and 1400 h; Experiment 4). Effects of
cattle movement on body temperature
may need to be taken into account
when evaluating animal health status.
Conclusions based on these data would
be most applicable for feedlot cattle ex-
posed to warm and thermoneutral envi-
ronmental conditions.

(Key Words: Feedlot, Body Tempera-
ture, Cattle, Handling.)

Introduction
Over 10 million head of cattle are

fed in feedlots at any one time
(USDA, 2003). Generally, feedlot cat-
tle are vaccinated, treated for para-
sites, given a growth-promoting im-
plant, and provided an eartag for
identification within a few days of
coming into the feedlot. A signifi-
cant number of cattle are returned
to the processing facilities during
the feeding period to receive health
care or to be reimplanted with a

growth promotant. The effects of
physical activity on body tempera-
ture are important if temperature is
used as an indicator of health status.
An elevated body temperature in-
duced through physical activity or
climatic factors could potentially pro-
vide false indicators of health status.
Also, body temperature of cattle fed
high energy diets in warm environ-
ments may already be elevated be-
cause of metabolic and climate-in-
duced heat stress (Mader et al., 1999;
Mader, 2003). The extent to which
physical activity adds to body tem-
perature change is unknown. Mader
et al. (2002) and Davis et al. (2003)
determined that tympanic tempera-
tures (TT) can be easily obtained in
free-roaming unrestrained cattle us-
ing a portable data logger attached
to a thermistor. As a body tempera-
ture indicator, TT has been found to
be an excellent measure of heat
stress in feedlot cattle. In cattle ex-
posed to hot climatic conditions, TT
are very similar to rectal tempera-
tures (Mader et al., 1999, 2002;
Davis et al., 2003). The objective of
these studies was to determine ef-
fects of moving cattle various dis-
tances in the feedyard on TT. In ad-
dition, effects of cattle movement
on the proportion of cattle accessing
feed and water were assessed.
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Materials and Methods
Four experiments were conducted

using yearling Bos taurus feedlot cat-
tle fed a high-energy finishing diet
(NEg = 1.43 mcal/kg). A general lay-
out of the feedlot pens used in these
experiments is provided by Mader et
al. (1997a). The cattle working facili-
ties were connected to the west side
of pens that have access to overhead
shelter. Entry and exit alleys for the
processing facility were approxi-
mately 4 m wide. The entry alley
exited into a 3.5-m radius crowding
pen that was connected to a hydrau-
lic chute by a 12-m long, 0.75-m
wide curved alleyway. The crowding
pen, curved alleyway, and hydraulic
chute were all under a roof. In all ex-
periments, cattle were forced to
move, but were allowed to move at
a pace of their choosing. Cattle were
moved to the working facilities,
briefly delayed (approximately 5
min) in the curved alleyway and
chute but not caught in the head-
gate, and then returned to the origi-
nal pens. Facilities are located at 42°
23′ N latitude and 96° 57′ W longi-
tude, with a mean elevation of 445
m above sea level.

In Experiment 1, which was con-
ducted in January, five animals
(BW = 531 ± 54 kg) from one pen
were moved from the pen through
the cattle working facilities and back
into the pen. Cattle were moved at
0800 and 1500 h. Total distance
moved each time was approximately
600 m to and from the processing
facilities (300 m one way). On d 2
and 4, animals were moved. On d 1
and 3, animals were not moved. Ani-
mal TT was measured throughout
the 4-d period.

In Experiment 2, which was con-
ducted in August, eight animals
(BW = 456 ± 67 kg) that had pre-
viously been randomly assigned to
two pens (four head per pen) were
utilized. On d 1 and 2, one pen of
cattle was moved a total distance of
approximately 150 m, whereas the
other pen was moved approximately
600 m. Both pens of cattle were

moved each day through the work-
ing facilities and back to their origi-
nal pens. On d 3 and 4, cattle were
allowed to rest and then moved
again on d 5 and 6. Moving distance
(short vs long) assignments were re-
versed for each pen of cattle on the
second set of moving days. Mean
starting time for moving the cattle
was 0906 h.

In Experiment 3, which was con-
ducted in June, 18 animals (BW =
415 ± 62 kg) were randomly as-
signed to three pens (six head per
pen). On 2 d (d 1 and 2), cattle
within respective pens were moved
through the working facilities a total
distance of approximately 300, 600,
and 900 m. In this experiment, daily
feed intakes were measured plus the
percentage of cattle that were recum-
bent, standing at bunk, and stand-
ing at waterer were recorded at
1000, 1100, 1200, 1300, and 1400 h
for each day cattle were moved. Cat-
tle were moved only once per day at
approximately 0900 h.

For each of the previously men-
tioned experiments, TT were ob-
tained according to procedures de-
scribed by Mader et al. (2002) and
Davis et al. (2003). Individual ani-
mals were randomly selected within
each pen to assess the effect of the
imposed treatment on TT. In Experi-
ment 1, TT was obtained from three
animals in the pen. In Experiments
2 and 3, two and four animals per
pen were selected for obtaining TT,
respectively. Tympanic temperature
was obtained once every 15 min in
Experiment 1, every 2 min in Experi-
ment 2, and every 1.5 min in Experi-
ment 3.

In Experiment 4, which was con-
ducted in June, 72 animals (BW =
436 ± 24 kg) previously assigned to
eight pens (nine head per pen) were
utilized to determine effects of mov-
ing cattle on feed intake, water in-
take, and animal behavior. In each
of two 4-d periods, between 0850
and 0935 h of d 0, four pens of cat-
tle were moved a total distance of ap-
proximately 600 m. The other four
pens of cattle were not moved (con-

trol). In each period, cattle were
moved only one time. In the second
period, the four pens of cattle pre-
viously moved were utilized as con-
trols, and the previously non-moved
four pens of cattle were moved. In
addition to feed and water intake,
behavior data, similar to that ob-
tained in Experiment 3, were ob-
tained at hourly intervals from 1000
to 1700 h for all pens of cattle dur-
ing the day within each period that
the pens of cattle were moved. In ad-
dition, the number of animals dis-
playing signs of panting (respiration
rate >75 breaths/min) was recorded.

For the first three experiments, am-
bient temperature for each study
was obtained from the High Plains
Climate Center automated weather
station located 1.6 km northwest of
the feedlot facilities. For the last ex-
periment, weather data were ob-
tained from a weather station lo-
cated on the research site. All experi-
ments reported herein were
conducted at the University of Ne-
braska Northeast Research and Exten-
sion Center with the approval of the
University of Nebraska-Lincoln Insti-
tutional Animal Care and Use Com-
mittee. All cattle were being fed ad li-
bitum and had been at the research
unit for a minimum of 60 d. Cattle
were managed and handled by expe-
rienced technicians with approval
provided by the Institutional Animal
Care and Use Committee.

Statistical Analysis. Tympanic
temperature data were analyzed us-
ing PROC Mixed of SAS� (SAS Inst.,
Inc., Cary, NC) for repeated mea-
sures (Davis et al., 2003). Mean peak
and mean post-peak low TT of
moved cattle were compared with re-
spective TT of non-moved cattle. In
Experiment 1, TT on days cattle
were moved were compared with
TT, at the corresponding time, of
the same cattle on days they were
not moved. Data were analyzed as a
completely randomized design. In
Experiment 2, TT data were analyzed
as a two-period crossover design
with day included as a replicate in
the model. Pre-study TT was used as
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a covariant to adjust for differences
in initial TT among animals. In Ex-
periment 3, TT data were analyzed
as a completely randomized design.
In Experiment 4, a two-period cross-
over design was utilized. Day and
pen were included in the model.
Feed and water intake data were ana-
lyzed using ANOVA procedures with
period and pen included in the
model. Behavior data were analyzed
using chi-square. Within an experi-
ment, differences among treatments
were determined using Fisher’s Pro-
tected LSD and the PDIFF option.

Results and Discussion
In Experiments 1, 2, 3, and 4,

hourly ambient temperatures aver-
aged 2.0 ± 4.6°C, 20.4 ± 3.6°C, 21.6
± 4.0°C, and 21.9 ± 3.9°C, respec-
tively. Weather and pen conditions
were dry with no adverse cold or
hot weather present. In Experiment
1, on days cattle were moved 600 m,
TT were 0.77°C (38.29°C vs 39.06°C)
and 0.73°C (38.57°C vs 39.30°C)
greater (P<0.05) in the morning and
afternoon, respectively, than TT of
the same cattle at corresponding
times on days the cattle were not
moved (Table 1). The process of
moving cattle elevated TT immedi-
ately, most likely because of physical
activity (D’Allaire and DeRoth,
1986). The TT during the non-
moved days remained low and in a
fairly narrow temperature range. The
times associated with the rise or
peak in TT, as a result of moving,
were 15 and 30 min in the morning
and afternoon, respectively. Cattle
TT returned to control (non-moved
day) TT levels 3.5 h after peak TT
was observed for both morning and
afternoon moves.

In Experiment 2, when cattle were
moved a long distance (600 m) in
the summer, the rise in TT (0.67;
P<0.5) was similar to that found in
the winter (Experiment 1) for cattle
moved the same distance. For cattle
moved a shorter distance (150 m),
the rise in TT (0.30°C; P<0.05) was
about one-half that of cattle moved

TABLE 1. Effects of moving cattle through working facilities on
tympanic temperature (TT) (Experiments 1 and 2).

TT

Initial Post-peak
Item Baseline peak lowa

Experiment 1 (Jan.)

Morning moving distance, m
0 38.29 38.29b 38.42
600 38.41 39.06c 38.39
SE 0.03 0.03 0.04

Time, h 0800 0815d 1145d

Afternoon moving distance, m
0 38.55 38.57b 38.65
600 38.72 39.30c 38.64
SE 0.05 0.06 0.03

Time, h 1500 1530d 1900d

Experiment 2 (Aug.)

Distance, m
0 (for 150-m move) 38.55 38.56b 38.63
0 (for 600-m move) 38.55 38.58b 38.80
150 38.54 38.86c 38.62
600 38.54 39.25c 38.80
Pooled SE 0.06 0.08 0.12

Time, h (for 150-m move) 0906 0922d 1002d

Time, h (for 600-m move) 0906 0928d 1136d

aCorresponds to low point and/or point at which TT of moved cattle returns to
that of TT of cattle that were not moved.
bTympanic temperature of non-moved cattle at time peak TT occurred for
moved cattle.
cMeans between moved and non-moved cattle, within a column for respective
trial or moving time, differ (P<0.05).
dTime-respective TT was recorded for cattle that were moved.

a greater distance. The decline in TT
to levels found in cattle not moved
was ∼2 h (0928 to 1136 h) in cattle
moved 600 m and 40 min in cattle
moved 150 m. Elevated body temper-
ature, which is associated with hot
climatic conditions, often contri-
butes to a decline in feed intake
(Mader et al., 1999). Returning body
temperature to near normal levels as
quickly as possible should allow in-
take to resume to normal levels. The
more rapid return to baseline body
temperature in the summer would
be indicative of animals attempting
to keep body temperature low as a
buffer against climatic heat load,
whereas the opposite response (a
slow return to baseline) that was ob-

served in the winter would possibly
be indicative of animals attempting
to keep body temperature elevated
as a buffer against cold stress.

In Experiment 3, TT rises (0.68 to
0.78°C) were similar regardless of dis-
tance moved. The rise was signifi-
cant (P<0.05) in all cases (Table 2).
Peak TT was reached between 31
and 42 min after moves were initi-
ated. Post-peak lows, as in the previ-
ous experiment conducted in
warmer weather, occurred approxi-
mately 2 to 2.5 h after moving
began.

In research with humans, Kenny
et al. (1999) reported that rectal tem-
perature rose 1°C during 18 min of
jogging on a treadmill. D’Allaire and
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TABLE 2. Effects of moving cattle through working facilities on tympanic temperature (TT) and behavior
(Experiment 3; June).

Distance moved χ2

Item 0 m 300 m 600 m 900 m Pa

TT, °C
Baseline, 0900 h 38.56 38.52 38.62 38.62 —
Initial peakb,c — 39.20 (0.10) 39.35 (0.10) 39.40 (0.07) —

Time initial peak occurred, h — 0942 0931 0934 —
Post-peak low TTc, °C — 38.71 (0.07) 38.79 (0.08) 38.77 (0.05) —
Time post-peak low recorded, h — 1052 1112 1137 —

Time cattle were returned to pens, h — 0934 0937 0945 —

Time Behavior (% of observationsd)

1000 h
Standing at bunk 41.7 5.6 16.7 13.9 0.20
Standing at waterer 2.8 5.6 8.3 2.8 0.87
Recumbent 36.1 5.6 0.0 0.0 0.02

1100 h
Standing at bunk 25.0 2.8 8.3 5.6 0.10
Standing at waterer 16.7 11.1 5.6 0.0 0.06
Recumbent 2.8 47.2 41.7 38.9 0.13

1200 h
Standing at bunk 2.8 8.3 13.9 19.4 0.23
Standing at waterer 13.9 13.9 13.9 0.0 0.15
Recumbent 2.8 16.7 30.6 22.2 0.20

1300 h
Standing at bunk 0.0 0.0 0.0 0.0 —
Standing at waterer 11.1 13.9 11.1 5.6 0.89
Recumbent 11.1 47.2 22.2 22.2 0.89

1400 h
Standing at bunk 0.0 25.0 2.8 2.8 0.72
Standing at waterer 0.0 2.8 8.3 8.3 0.11
Recumbent 100.0 33.3 44.4 36.1 0.02

aValues for behavior observation only.
bMeans differ from control (0 m moved) at respective times TT were recorded (P<0.05).
cParenthetical numbers represent standard error of the mean.
dCattle not laying, standing at bunk, or standing at waterer were standing elsewhere in the pen.

DeRoth (1986) submitted pigs to 10
min of treadmill (1.8 km/h) exercise
and found that rectal temperature of
hyperthermic susceptible pigs rose
nearly 1°C and 1.5°C at ambient
temperatures of 14°C and 29°C, re-
spectively. At 14°C, rectal tempera-
tures reached a plateau almost imme-
diately after exercise ceased; at 29°C,
rectal temperatures continued to rise
for 5 min after exercise ceased. Fif-
teen minutes after exercise ceased,
rectal temperatures declined under
14°C ambient temperature condi-
tions but remained at peak levels at

29°C ambient temperature condi-
tions. D’Allaire and Roth (1986) did
not determine how long it took for
body temperature to decline to pre-
exercise levels. These data support
the conclusion that body tempera-
ture of cattle will rise rapidly with ex-
ercise and may continue to rise even
after exercise has ceased, particularly
when warm or hot climatic condi-
tions exist.

The percentage of cattle that were
recumbent, standing at the bunk, or
standing at water varied with time
of day and previous distance moved

(Table 2). When compared with
non-moved cattle observations, the
number of cattle standing at the
bunk tended (P=0.10) to be reduced
at 1100 h. At 1200 h, there was a
trend (P=0.23) for cattle that had
been moved the farthest distance to
have a greater percentage of the
pen at the bunk. Interestingly, non-
moved cattle were all resting (lay-
ing) by 1400 h while only 33 to
36% of the moved cattle were rest-
ing (P=0.02). In this experiment, nu-
meric declines in DMI of 6.8, 13.6,
and 18.2% were found for cattle
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moved 300, 600, and 900 m, respec-
tively, as a result of moving cattle
when compared with pre-experi-
ment DMI levels. Based on these ob-
servations, a follow-up experiment
(Experiment 4) was conducted to ob-
tain additional behavioral and feed
intake data.

In Experiment 4 (Table 3), mov-
ing cattle 600 m did not signifi-
cantly reduce DMI on the day cattle
were moved. Moving did result in
lessening DMI on the first (P=0.06)
and second (P=0.04) d after moving
when compared with DMI of non-
moved cattle. However, moving cat-
tle did not affect water intake. Gen-
erally, any activity that contributes
to the animal experiencing heat
stress should increase water intake
or activity at the waterer (Mader et
al., 1997b; Mader, 2003). Only at
1400 h, in Experiment 3 there was
a tendency (P=0.11) for this to have
occurred. In Experiment 4, moving
cattle resulted in cattle having ele-
vated (33.3% vs 13.9%; P=0.01) res-
piration rate (panting) at 1000 and
1100 h. At 1100 h, an equal percent-
age of moved and non-moved cattle
were at the waterer, but more cattle
tended to be at the bunk if they
had not been moved (16.7% vs
5.6%; P=0.09). At 1200 h, a greater
percentage (30.6% vs 12.5%; P=
0.01) of the cattle that had not
been moved were laying down. At
1600 h, a greater percentage of the
cattle that had been moved were
panting (23.6% vs 9.7%; P=0.03).
This might have been due to more
cattle that had previously been
moved tending to approach the
bunk (15.3% vs 20.8%) and away
from water (12.5% vs 6.9%), re-
sulting in some added heat stress.
At 1700 h, almost no cattle (11.1%
vs 1.4%; P=0.05) that had been
moved were at the bunk.

These data were interpreted to
suggest that moving cattle de-
creased (P<0.05) feed intake for up
to 2 d after moving was initiated.
Moving cattle through working facil-
ities requires an expenditure of en-
ergy, causing an elevation of body

TABLE 3. Effects of moving cattle through working facilities on DMI,
water intake, and behavior (Experiment 4; June).

Distance moved

Item 0 m 600 m SE P

DMI, kg
d −1 10.40 10.73 0.33 0.50
d 0 (day moved) 10.58 10.58 0.25 0.99
d +1 10.94 10.03 0.31 0.06
d +2 11.25 10.27 0.30 0.04

Water intake, L
d 0 32.38 32.22 1.11 0.93
d +1 33.49 33.33 1.28 0.94

Time (day cattle were moved) Behavior (% of observationsa)

1000 h
Standing 0.40

At bunk 11.1 5.6 — —
At waterer 36.1 33.3 — —

Recumbent 0.0 0.0 — 1.00
Panting 11.1 54.2 — 0.01

1100 h
Standing 0.09

At bunk 16.7 5.6 — —
At waterer 33.3 33.3 — —

Recumbent 1.4 0.0 — 0.31
Panting 13.9 33.3 — 0.01

1200 h
Standing 0.85

At bunk 11.1 8.3 — —
At waterer 27.8 29.2 — —

Recumbent 30.6 12.5 — 0.01
Panting 25.0 37.5 — 0.11

1300 h
Standing 0.22

At bunk 4.2 0.0 — —
At waterer 23.6 25.0 — —

Recumbent 47.2 37.5 — 0.24
Panting 50.0 47.2 — 0.74

1400 h
Standing 0.87

At bunk 5.6 4.2 — —
At waterer 22.2 25.0 — —

Recumbent 27.8 30.6 — 0.71
Panting 33.3 30.6 — 0.72

1500 h
Standing 0.85

At bunk 6.9 6.9 — —
At waterer 23.6 27.8 — —

Recumbent 27.8 29.2 — 0.85
Panting 56.9 54.2 — 0.74

1600 h
Standing 0.42

At bunk 15.3 20.8 — —
At waterer 12.5 6.9 — —

Recumbent 33.3 41.7 — 0.30
Panting 9.7 23.6 — 0.03

(continued)
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TABLE 3 (continued). Effects of moving cattle through working
facilities on DMI, water intake, and behavior (Experiment 4; June).

Distance moved

Item 0 m 600 m SE P

1700 h
Standing 0.05

At bunk 11.1 1.4 — —
At waterer 9.7 9.7 — —

Recumbent 41.7 43.1 — 0.87
Panting 15.3 15.3 — 1.00

aCattle not laying, standing at bunk, or standing at waterer were standing
elsewhere in the pen; P values for behavior data are based on χ2 analysis.

temperature. Effects of cattle move-
ment and handling on body temper-
ature need to be taken into account
when processing cattle and(or) eval-
uating animal health status. Conclu-
sions based on these data would be
most applicable for feedlot cattle ex-
posed to warm and thermoneutral
environmental conditions. Similar
findings may not be found under
excessively hot or cold conditions
or under conditions in which exces-
sive air velocity exists and/or ani-
mals are wet from exposure to rain
or snow. For example, moving cat-
tle under conditions in which exces-
sive cold stress is present could pos-
sibly result in cattle actually losing
body heat, resulting in lessening of
TT.

Implications
Body temperature is often used as

an indicator of animal health sta-
tus. In addition, body temperature
can be used as a measure of heat
stress. Moving cattle requires an ex-
penditure of energy, causing an ele-
vation of average body temperature
between 0.3°C and 0.8°C. Effects of
cattle movement and handling on
body temperature need to be taken
into account when monitoring ani-
mal health status. Management
strategies need to be considered
that reduce the effects of moving
stress on feed intake. Furthermore,
minimal handling of cattle during
hot days is recommended for main-
taining optimum animal well-being
and comfort.
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