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Effect of transportation during periods of 
high ambient temperature on physiologic and 

behavioral indices of beef heifers

Miles E. Theurer, BS; Brad J. White, DVM, MS; David E. Anderson, DVM, MS;  
Matt D. Miesner, DVM, MS; Derek A. Mosier, DVM, PhD; Johann F. Coetzee, BVSc, PhD; 

 David E. Amrine, DVM

Objective—To determine the effect of transportation during periods of high ambient tem-
perature on physiologic and behavioral indices of beef heifers.
Animals—20 heifers (mean body weight, 217.8 kg).
Procedures—Ten heifers were transported 518 km when the maximum ambient temper-
ature was ≥ 32.2°C while the other 10 heifers served as untransported controls. Blood 
samples were collected from transported heifers at predetermined intervals during the 
transportation period. For all heifers, body weights, nasal and rectal temperatures, and be-
havioral indices were measured at predetermined intervals for 3 days after transportation. 
A week later, the entire process was repeated such that each group was transported twice 
and served as the control twice.
Results—Transported heifers spent more time near the hay feeder on the day of transpor-
tation, had lower nasal and rectal temperatures for 24 hours after transportation, and spent 
more time lying down for 2 days after transportation, compared with those indices for con-
trol heifers. Eight hours after transportation, the weight of transported heifers decreased 
6%, whereas that of control heifers increased 0.6%. At 48 hours after initiation of trans-
portation, weight, rectal temperature, and time spent at various pen locations did not differ 
between transported and control heifers. Cortisol concentrations were higher 4 hours after 
initiation of transportation, compared with those determined just prior to transportation.
Conclusions and Clinical Relevance—Results indicated transportation during periods of 
high ambient temperatures caused transient changes in physiologic and behavioral indices 
of beef heifers. (Am J Vet Res 2013;74:481–490)
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ABBREVIATIONS
BRD Bovine respiratory disease
TNF Tumor necrosis factor

Throughout the United States, it is common for 
cow-calf producers to transport cattle substantial 

distances to feedlot facilities generally located in the 

central portion of the country.1,2 In 2010, > 34 million 
cattle were slaughtered in the United States,3 and most 
of those cattle would have been transported at least 
once prior to slaughter. Handling prior to, during, and 
after transportation is stressful for cattle,4–6 and trans-
portation regulations for cattle are being scrutinized.7

Bovine respiratory disease is one of the most ec-
onomically important diseases affecting beef feedlot 
cattle. For immature beef cattle, the incidence of BRD 
commonly increases during the stress of weaning and 
transportation to a feedlot.6,8 Bovine respiratory disease 
affects 14.4% of all cattle entering beef feedlots,9 and 
the immune responses of recently transported cattle 
are often suppressed10 because of increased cortisol  
concentrations.11

Factors associated with stress to cattle during 
transportation include management changes, novelty, 
social regrouping, ambient temperature, humidity, and 
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transit time.5 Knowles12 recommends not transporting 
cattle when the ambient temperature is > 30°C. Because 
of the constant flow of cattle into feedlots, restriction of 
the transportation of cattle to when temperatures are 
< 30°C may cause logistic complications for the beef 
industry during summer months and some periods of 
the spring and autumn when high ambient tempera-
tures persist for several consecutive days.13 These com-
plications may compound the stress endured by feedlot 
cattle, especially when movement to the feedlot is de-
layed; cattle exposed to severe or sustained stress may 
have increased susceptibility to disease.14 Research to 
examine the physiologic responses of cattle to transpor-
tation during periods of high ambient temperatures is 
warranted to determine whether restrictions on cattle 
transportation are necessary.

The objectives of the study reported here were to 
determine the effects of transportation during periods 
of high ambient temperature (≥ 32.2°C) on physiologic 
and behavioral indices of beef heifers. Our hypotheses 
were that transported heifers would have increased 
body temperatures, increased concentrations of stress 
biomarkers in blood, and decreased activity after trans-
portation. Evaluation of these variables may help iden-
tify important risk factors for morbidity after transpor-
tation of cattle.

Materials and Methods

Animals—Twenty black crossbred beef heifers 
with a mean ± SD body weight of 217.8 ± 12.1 kg were 
selected for the study. All heifers were owned by Kan-
sas State University, and all study procedures were ap-
proved by the Kansas State University Institutional Ani-
mal Care and Use Committee. Throughout the study, 
the heifers were housed as a group in a single pen (12.2 
X 24.4 m) and fed a ration calculated to provide each 
heifer 2.3 kg of ground corn/d with trace mineral and 
0.9 kg of alfalfa/d in addition to ad libitum access to 
brome hay, a supplemental salt block, and water. The 
heifers were humanely handled during each portion of 
the study. The health status of the heifers was moni-
tored by the same individual who recorded each heifer’s 
heart rate and respiration rate and assigned a clinical 
health score to each heifer twice daily throughout the 
study.

Study design—The study had a double-crossover 
design. At study initiation, each heifer was matched to 
another heifer on the basis of weight to form a block of 
2 heifers. Then, each heifer within a block was random-
ly allocated to 1 of 2 groups such that each group con-
tained 10 heifers. On each of 4 days, one group of heif-
ers was transported 518 km in a livestock trailer (2.1 
X 6.1 m; stocking density, 170 kg/m2) while the other 
group served as untransported controls. The study 
protocol was repeated such that each group was trans-
ported twice and served as controls twice. The days 
during which cattle were transported were selected by 
a predetermined criterion that the maximum ambient 
temperature was forecasted to be ≥ 32.2°C.

A wireless remote weather station was installed at 
the research facility to allow continuous monitoring of 
the environmental conditions where the heifers were 

housed. On the morning of each day selected for trans-
portation, none of the heifers were fed grain until after 
the transportation process was initiated, and the heifers 
being transported did not have access to feed or water 
during the 8-hour period of transit and processing. The 
heifers being transported were loaded into the livestock 
trailer at 8:00 AM (hour 0). Those heifers were then 
transported for 4 hours (noon; hour 4) and approxi-
mately 259 km to a remote livestock-working facility 
where they were unloaded and worked through a chute 
system so that body weights and nasal and rectal tem-
peratures could be measured and venous blood samples 
could be obtained. Then, the heifers were reloaded into 
the livestock trailer and transported 4 hours back to 
the research facility, arriving at approximately 4:00 PM 
(hour 8). Three days after the first group of heifers was 
transported, the study groups were crossed over, and 
the 10 heifers that served as controls during the first 
transportation day were transported. The entire process 
was repeated once such that each group of heifers was 
transported twice and served as controls twice.

Measurement of rectal, nasal, and surface temper-
atures—For each heifer, rectal temperature was mea-
sured with a rapid equilibration thermal probe.a Radio-
frequency thermal sensorsb were implanted at a depth 
of approximately 2 mm in the submucosa of the nasal 
mucosae on the dorsal and medial aspects of the left 
and right nares approximately 100 mm caudal to the 
alar cartilage. Each sensor contained a radiofrequency 
transponder that, when initiated by an electronic signal 
from a reading device,c sent the temperature (± 0.1°C) 
back to the reading device, where it was recorded into 
an electronic database. A high-definition thermal sen-
sor camerad was used to record surface temperatures of 
the right and left nares, nasal planum, and cornea at 
hours 0 and 8. The mean temperature for the left and 
right nares was calculated, and this value was used for 
subsequent statistical analyses. Rectal and nasal tem-
peratures were recorded from all heifers immediately 
prior to (hour 0) and at 4 (transit midpoint), 8 (tran-
sit end), 10, 12, 14, 16, 18, 20, 22, 24, 36, 48, and 56 
hours after initiation of each transportation period.

Behavioral data acquisition—Prior to initiation of 
the study, a remote location–monitoring tage was ap-
plied to the left ear of each study heifer to record heif-
er behavior and activity as described.15 Briefly, the tag 
transmitted information about the heifer’s location (ie, 
X [length] and Y [width] coordinates) within the pen 
to fixed wireless sensors at the periphery of the pen, 
which relayed the information to a computer database 
where it was stored for analysis.f The heifer’s coordi-
nates were recorded at 1-second intervals throughout 
the study, and each set of coordinates was identified 
with a time stamp. A data mining software programg 
was used to compare each set of coordinates for a heifer 
with the known X and Y coordinates of specific loca-
tions (grain feeder, hay feeder, waterer, and shelter) 
within the pen, and each set of heifer coordinates were 
dichotomously (yes or no) classified as being within a 
0.3-m radius of each location. The time stamps on the 
coordinates were evaluated to determine the amount of 
time a heifer spent at a particular location within the 

12-06-0214r.indd   482 2/19/2013   10:38:50 AM



AJVR, Vol 74, No. 3, March 2013  483

pen during a given period. Data obtained from heifers 
during transportation were not included in the statisti-
cal analyses.

Each heifer also had a commercial accelerometerh 
and pedometeri applied to the lateral aspect of the right 
hind limb just proximal to the metatarsophalangeal 
(fetlock) joint. The accelerometer and pedometer were 
placed within a neoprene sleeve and affixed to the limb 
with a strap. The accelerometer recorded triaxial (X, 
Y, and Z axes) directional forces with an axis range of 
± 10 g and recorded 100 measurements/s.16 The accel-
erometers were programmed with validated settings17 
such that X, Y, and Z acceleration and mean and maxi-
mum vector magnitude were recorded at 5-second in-
tervals. Values for the mean force of gravity and vector 
magnitude were calculated by summing the values for 
force of gravity and acceleration (values for X, Y, and 
Z axes combined), respectively, and dividing each by 
the number of measurements (ie, 5-second intervals) 
recorded during a specified time period. The maximum 
vector magnitude was the highest combined value 
for acceleration during the 5-second interval. Every 
7 days throughout the study, the accelerometers were 
briefly removed from the heifers so that data could be 
downloaded into a computer database and then were  
reapplied. Data obtained via the accelerometers were 
analyzed with a data-mining software programg to de-
termine the amount of time each heifer spent standing, 
lying down, or walking during each 5-second interval, 
which was then aggregated by day. Data obtained from 
accelerometers during transportation were analyzed 
separately from data obtained from acclerometers dur-
ing the remainder of the observation period.

For each heifer, the number of steps/d was deter-
mined via the pedometer, which contained a 2-D accel-
erometer that monitored the up and down movement 
of the limb. Along with the accelerometers, the pedom-
eters were briefly removed from the heifers every 7 days 
so that data could be downloaded into a computer data-
base and then were reapplied. Although behavioral data 
were obtained throughout the study, behavioral activity 
was analyzed for a period of only 3 days after initiation 
of each transportation period.

Body weight—For each transportation period, all 
heifers were individually weighed immediately prior to 
(hour 0) and at 4, 8, and 48 hours after initiation of 
transportation. For each heifer at 4, 8, and 48 hours, 
respectively, the percentage change in body weight was 
calculated as follows: ([body weight at hour 0 – body 
weight at the time of interest]/body weight at hour 0) 
X 100%.

Blood sample collection and analyses—During 
each transportation period, blood samples (12 mL) 
were collected via jugular venipuncture from the heif-
ers being transported immediately prior to (hour 0) and 
at 4, 8, 24, 36, 48, and 56 hours after initiation of trans-
portation. The blood samples were immediately trans-
ferred to a 6-mL serum separator tube and 6-mL tube 
continuing potassium EDTA. All blood samples were 
centrifuged at 1,500 X g for 10 minutes. A 2-mL aliquot 
of serum or plasma was separated from each sample, 
placed in a cryovial, and frozen at –80°C until analyzed 

for serum cortisol and TNF-α concentrations or plasma 
substance P concentration.

Serum cortisol concentration was determined via 
a solid-phase competitive chemiluminescent enzyme 
immunoassayj as described.18 The immunoassay’s lower 
limit of detection was 5.5 nmol/L; therefore, the results 
for serum samples with cortisol concentrations < 5.5 
nmol/L were recorded as 5.5 nmol/L.

Serum concentration of TNF-α was determined via 
a commercial ELISAk modified for use with bovine se-
rum. The primary and secondary antibodies used for 
the assay were goat anti-bovine TNF-α and biotinyl-
ated goat anti-bovine TNF-α, respectively. Horserad-
ish peroxidase–labeled streptavidinj and a tetramethyl-
benzidine–hydrogen peroxide solutionl were used for  
antibody detection and color development. The TNF-α 
concentration was calculated by subtraction of the ab-
sorbance value at 540 nm from the absorbance value at 
450 nm and comparing that value with the curve for 
the TNF-α standard that was run on the same plate as 
the serum sample.

Substance P concentrations in plasma samples ob-
tained at 0, 4, 8, 24, and 48 hours (substance P con-
centrations were not determined for plasma samples 
obtained at 36 and 56 hours) were determined via a 
commercial immunoassay kitm that had been vali-
dated for use with bovine plasma.19 Plasma samples 
were extracted by means of C18 cartidgesn prior to  
immunoassay analysis, and the assay used a polyclonal 
anti–substance P antibody. The concentration of sub-
stance P in plasma samples was inversely proportional 
to the intensity of the color detected at a wavelength of 
405 nm. Any plasma sample with a substance P concen-
tration outside of the standard curve was not included 
in statistical analyses.

Statistical analysis—Data were imported into 1 of 
2 commercial statistical software packageso,p for analy-
ses. Distributions of each variable were visually evalu-
ated for normality, and when data appeared to be non-
normally distributed, that variable was logarithmically 
transformed (log

10
). Mixed regression models were used 

to evaluate potential relationships between continuous 
outcome variables (ie, nasal temperature, rectal tem-
perature, surface temperatures, heart rate, and respira-
tory rate) and independent variables of interest, which 
included transport status, trial hour, and the interaction 
between transport status and trial hour. All analyses in-
cluded random effects for each heifer and transporta-
tion day to account for a lack of independence caused 
by repeated measures. For transported heifers only, the 
effect of trial hour on cortisol, substance P, and TNF-α 
concentrations, respectively, was analyzed by the use of 
a mixed regression model.

Logistic regression models were used to determine 
the probability of proximity to a specific location (grain 
feeder, hay feeder, waterer, or shelter) within the pen or 
engagement in a specific activity (standing, lying down, 
or walking). Independent variables included transport 
status, trial day, and the interaction between transport 
status and trial day. A first-order autoregressive correla-
tion structure was defined to account for the repeated 
measures on heifers over time in all analyses.20 Multi-
variable regression models were constructed by the use 
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of backward selection in a stepwise procedure, and the 
final multivariable model for each outcome included 
only variables with a type 3 likelihood ratio test P < 
0.05. Within each trial day, differences between trans-
ported and control heifers were evaluated via t tests, 
and the level of significance was set at P < 0.01 a priori 
to account for multiple comparisons.

Results

All heifers remained healthy throughout the study. 
The maximum ambient temperature exceeded 32.2°C 
on each transportation day (Table 1). Mean respiratory 

rate did not differ significantly between transported and 
control heifers and did not vary significantly during the 
observation period. Transported heifers had a signifi-
cantly higher mean heart rate, compared with the mean 
heart rate for control heifers at 8 hours after initiation 
of transportation (Figure 1). Evaluation of rectal (P < 
0.01) and nasal (P < 0.01) temperature data revealed 
a significant association between trial hour and trans-
port status (Figure 2). Transported heifers had lower 
mean rectal (P < 0.01) temperatures at 12, 14, 20, and 
24 hours after initiation of transportation, compared 
with those of the control heifers. Similarly, transported 
heifers had lower mean nasal (P < 0.01) temperatures 
at 4, 8, 20, and 24 hours after initiation of transporta-
tion, compared with those of the control heifers. The 

 Transportation day

Variable 1 2 3 4

Mean temperature (°C) 33 30 35 36
Maximum temperature (°C) 40 38 42 43
Minimum temperature (°C) 24 24 25 29
Mean humidity (%) 54 67 47 39
Maximum humidity (%) 83 83 69 78
Minimum humidity (%) 22 27 23 27
Maximum heat index (°C) 40 41 41 42

Prior to study initiation, each of 10 heifers was matched to 
another heifer on the basis of weight to form a block of 2 heifers; 
then each heifer within a block was randomly allocated to 1 of 2 
groups such that each group contained 10 heifers. The study had 
a double-crossover design such that each group of heifers was 
transported twice and served as controls twice. There were 3 days 
between transportation days 1 and 2 and transportation days 3 and 
4 and 1 week between transportation days 1 and 3.

Table 1—Mean, maximum, and minimum temperature and hu-
midity and maximum heat index for each of 4 days during which 
10 beef heifers were transported 518 km while another 10 heif-
ers served as untransported controls.

Figure 1—Mean ± SEM heart rate immediately prior to (hour 0) 
and at 12, 24, 36, 48, and 56 hours after initiation of transpor-
tation for 20 beef heifers when they were (black squares with 
dotted line) and were not (white triangles with solid line; control) 
transported 518 km during periods of high ambient tempera-
tures (≥ 32.2°C). Prior to study initiation, each of 10 heifers was 
matched to another heifer on the basis of weight to form a block 
of 2 heifers. Then each heifer within a block was randomly allocat-
ed to 1 of 2 groups; therefore, each group contained 10 heifers. 
The study had a double-crossover design such that each group of 
heifers was transported twice and served as controls twice; thus, 
each data point represents the mean of 40 observations. There 
were 3 days between transportation days 1 and 2 and transpor-
tation days 3 and 4 and 1 week between transportation days 1 
and 3. Interaction between trial hour and transport status was 
significant (P < 0.01). *Within an hour, values for heifers during 
transportation and control periods differ significantly (P < 0.01).

Figure 2—Mean ± SEM rectal (A) and nasal (B) temperatures 
immediately prior to (hour 0) and at 4 (transit midpoint), 8 
(transit end), 10, 12, 14, 16, 18, 20, 22, 24, 36, 48, and 56 
hours after initiation of transportation for 20 beef heifers when 
they were (black squares with dotted line) and were not (white 
triangles with solid line; control) transported 518 km during pe-
riods of high ambient temperature (≥ 32.2°C). Rectal tempera-
tures were measured via a rapid equilibration thermal probe. 
Nasal temperatures were determined by means of radiofre-
quency thermal sensors that were implanted at a depth of ap-
proximately 2 mm in the submucosa of the nasal mucosae 
on the dorsal and medial aspects of the left and right nares 
approximately 100 mm caudal to the alar cartilage. For each 
heifer, the nasal temperature recorded at each observation 
represented the mean of the temperature readings from the 
sensors in both the left and right nares. Notice that the scale 
of the y-axis differs between panels. Interaction between trial 
hour and transit status was significant (P < 0.01). See Figure 1 
for remainder of key.
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mean surface temperatures of the nares, nasal planum, 
and cornea did not vary significantly between trans-
ported and control heifers at any time measured. For 
both transported and control heifers, the mean surface 
temperatures of the nares (P < 0.01), nasal planum (P 
< 0.01), and cornea (P < 0.01) obtained at 8 hours af-
ter initiation of transportation were significantly high-
er, compared with those obtained immediately before 
transportation (hour 0).

A significant interaction was identified between 
transport status and trial day for the percentage of time 
heifers spent within 0.3 m of the grain feeder, hay feed-
er, waterer, and shelter (Figure 3). Transported heif-
ers spent significantly (P < 0.01) more time near the 
hay feeder on the day of transportation (day 0) than 
did the control heifers. Otherwise, the percentage of 
time spent at a particular pen location did not differ 
significantly between transported and control heifers 
during the 3-day observation period after initiation of  
transportation.

During the 8-hour transportation period, the trans-
ported heifers spent a significantly (P < 0.01) greater 

percentage of time walking (mean ± SE, 2.7% ± 0.3%), 
compared with the percentage of time spent walking 
(2.0% ± 0.2%) by the control heifers, whereas the con-
trol heifers spent a significantly (P < 0.01) greater per-
centage of time lying down (22.0% ± 2.0%), compared 
with the percentage of time spent lying down (4.0% ± 
0.4%) by the transported heifers. A significant interac-
tion was identified between transport status and trial 
day for the percentage of time heifers spent lying down 
(P < 0.01) and standing (P < 0.01). Transported heifers 
spent a significantly greater percentage of time walking 
(P < 0.01) on the day of transportation (day, 0) and 
days 1 and 2 after transportation and lying down on 
days 1 and 2 after transportation, compared with the 
percentage of time spent walking and lying down by the 
control heifers during the same period (Figure 4). A sig-
nificant interaction was also identified between transport 
status and trial day for the number of steps traveled by 
heifers. The mean number of steps traveled by the trans-
ported heifers was significantly greater, compared with the 
mean number of steps traveled by the control heifers on 
the day of transportation (Figure 5).

Figure 3—Mean ± SEM percentage of time spent within 0.3 m of the grain feeder (A), hay feeder (B), waterer (C), and shelter (D) the 
day of (day 0) and for the 2 days after initiation of transportation for 20 beef heifers when they were (black squares with dotted line) 
and were not (white triangles with solid line; control) transported 518 km during periods of high ambient temperature (≥ 32.2°C). The 
time spent at specific locations within the pen was determined by measurements obtained from a remote location–monitoring tag that 
was applied to the left ear of each heifer prior to study initiation. The tag continuously transmitted coordinate data to wireless sensors 
located at the pen’s periphery, which then transmitted the coordinates to a computer database for analysis. Notice that the scale of the 
y-axis varies among the panels. Interaction between trial day and transit status was significant (P < 0.01). *Within an observation day, 
values for heifers during transportation and control periods differ significantly (P < 0.01). See Figure 1 for remainder of key.
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Compared with the mean body weight immedi-
ately prior to transportation (hour 0), the mean body 
weight of the transported heifers was decreased at 4 and 
8 hours after initiation of transportation, whereas the 
mean body weight of the control heifers was increased 
at 4 and 8 hours after initiation of transportation (Fig-
ure 6). Also, the percentage change in body weight 
from hour 0 differed significantly between transported 
and control heifers at 4 and 8 hours after initiation of 
transportation. However, at 48 hours after initiation of 
transportation, the mean body weight did not differ be-
tween transported and control heifers.

Data for cortisol, substance P, and TNF-α concen-
trations were not normally distributed; therefore, loga-
rithmic transformations (log

10
) were applied to the data 

so that regression analyses could be performed. Heif-
ers had an increased mean serum cortisol concentra-
tion at 4 and 8 hours after initiation of transportation, 

compared with that immediately prior to transportation 
(Figure 7). Conversely, heifers had a decreased mean 
serum substance P concentration at 24 and 48 hours 
after initiation of transportation, compared with that 
immediately prior to transportation. The mean plasma 
TNF-α concentration did not vary significantly during 
the observation period.

Discussion
Results of the present study indicated that beef 

heifers transported during periods of high ambient tem-
peratures (≥ 32.2°C) had a transient decrease in rectal 
and nasal temperatures and body weight. Transported 

Figure 4—Mean ± SEM percentage of time spent lying down (A) 
and walking (B) the day of (day 0) and for the 2 days after initia-
tion of transportation for 20 beef heifers when they were (black 
squares with dotted line) and were not (white triangles with solid 
line; control) transported 518 km during periods of high ambient 
temperature (≥ 32.2°C). Data were obtained via accelerometers 
that were applied to all heifers on the lateral aspect of the right 
hind limb just proximal to the metatarsophalangeal (fetlock) joint. 
The accelerometers were programmed such that acceleration 
along X, Y, and Z axes and mean and maximum vector magni-
tude were recorded at 5-second intervals, and the data obtained 
were aggregated by day. Notice that the scale of the y-axis differs 
between panels. Interaction between trial day and transit status 
was significant (P < 0.01). *Within an observation day, values for 
heifers during transportation and control periods differ signifi-
cantly (P < 0.01). See Figure 1 for remainder of key.

Figure 5—Mean ± SEM number of steps traveled the day of 
(day 0) and for the 2 days after initiation of transportation for 20 
beef heifers when they were (black squares with dotted line) and 
were not (white triangles with solid line; control) transported  
518 km during periods of high ambient temperature (≥ 32.2°C). 
Data were obtained via pedometers that were applied to all heif-
ers on the lateral aspect of the right hind limb just proximal to the 
metatarsophalangeal (fetlock) joint. Interaction between trial day 
and transit status was significant (P < 0.01). *Within an observation 
day, values for heifers during transportation and control periods differ 
significantly (P < 0.01). See Figure 1 for remainder of key.

Figure 6—Mean ± SEM percentage change in body weight im-
mediately prior to (hour 0) and at 4 (transit midpoint), 8 (transit 
end), and 48 hours after initiation of transportation for 20 beef 
heifers when they were (black squares with dotted line) and were 
not (white triangles with solid line; control) transported 518 km 
during periods of high ambient temperature (≥ 32.2°C). *Within 
an hour, values for heifers during transportation and control pe-
riods differ significantly (P < 0.01). See Figure 1 for remainder of 
key.
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heifers also spent more time at the hay feeder on the 
day of transportation, walking during the 3 days after 
initiation of transportation, and lying down on days 1 
and 2 after initiation of transportation, compared with 
time spent at the hay feeder, walking, and lying down 
by control heifers that were not transported during the 
same period. Transported heifers also had increased se-
rum cortisol and substance P concentrations at 4 hours 
after initiation of transportation, compared with those 
immediately before transportation. To our knowledge, 
the present study was the first to monitor both physi-
ologic and behavioral variables in cattle immediately 
before, during, and after transportation.

The transient decrease in the mean rectal and nasal 
temperatures of transported heifers for 24 hours after 
transportation was unexpected and differs from results 
of other studies.21,22,q Given that the environmental 
conditions were similar for both transported and con-
trol heifers, we attributed thermoregulatory differences 

between the treatment groups to the continuous air 
flow within the trailer, which allowed the transported 
heifers to dispel body heat via convection. Infrared 
thermography is an effective tool for monitoring body 
temperature in cattle.23 In the present study, we were 
unable to detect significant variation in the surface tem-
peratures of the nares, nasal planum, and cornea in the 
transported heifers, although our ability to detect such 
variations may have been confounded by the environ-
mental conditions.r

Behavioral changes were expected in the heifers 
during and after transportation. On the day of trans-
portation, all behavior data were affected because of 
the frequency with which body weight and tempera-
ture measurements were obtained. The amount of time 
that heifers spent standing during transit in the pres-
ent study was similar to that for heifers of a similar age 
in another study.24 Some of the heifers of the present 
study lay down during transit, which suggested that 
cattle will lie down while being transported if they have 
sufficient room to do so. The stocking density of the 
livestock trailer used in the present study was well be-
low that recommended by the Farm Animal Welfare 
Council and USDA.25,26 The fact that the percentage of 
time that the transported heifers spent walking during 
the 8-hour transportation period was greater, compared 
with that of the control heifers, was probably associ-
ated with the movement of heifers during loading and 
unloading of the trailer as well as movement of the heif-
ers within the trailer during transit. The significantly 
greater number of steps traveled by the transported 
heifers, compared with the number of steps traveled by 
the control heifers on day 0, was also likely a reflec-
tion of heifer movement during transit. The pedom-
eters used in the present study recorded the number 
of steps each heifer traveled during a 24-hour period, 
and unfortunately, we were unable to separate the data 
obtained during the 8-hour transportation period from 
the rest of the data obtained on day 0.

Regarding the time heifers spent at specific loca-
tions within the pen, the only change in behavior de-
tected after transportation was an increased percentage 
of time transported heifers spent near the hay feeder 
on the day of transportation, compared with that for 
control heifers. We anticipated that the transportation 
of heifers during periods of high ambient temperature 
would result in stress and less time spent by the heif-
ers at the feeders in a manner similar to that described 
in other studies27,28 involving feedlot heifers, in which 
morbid heifers spent significantly less time at a grain 
feeder, compared with healthy control heifers. In the 
present study, the transported heifers may have spent 
more time at the hay feeder on the day of transportation 
in an attempt to recover from the period during which 
they did not have access to feed. However, because of 
the limitations of the behavior-monitoring system used, 
we cannot confirm that the heifers were actually eating 
during the time they spent at the hay feeder.

Interestingly, transported heifers spent approxi-
mately 3% more time lying down and 0.1% more time 
walking during the 3 days immediately after transporta-
tion than did the control heifers. This finding suggested 
that after transportation, heifers were walking when 

Figure 7—Mean and 95% confidence intervals for serum cortisol 
(A) and plasma substance P (B) concentrations immediately prior 
to (hour 0) and at 4 (transit midpoint), 8 (transit end), 24, 36, 48, 
and 56 hours after initiation of transportation for 20 beef heifers 
that were transported 518 km during periods of high ambient 
temperature (≥ 32.2°C). Plasma substance P concentration was 
not determined at 36 and 56 hours after initiation of transporta-
tion. Serum cortisol concentrations were determined via a solid-
phase competitive chemiluminescent enzyme immunoassay and 
plasma substance P concentrations were determined via a com-
mercial immunoassay. *Value differs significantly (P < 0.01) from 
that at hour 0. See Figure 1 for remainder of key.

12-06-0214r.indd   487 2/19/2013   10:38:53 AM

http://avmajournals.avma.org/action/showImage?doi=10.2460/ajvr.74.3.481&iName=master.img-011.png&w=222&h=160
http://avmajournals.avma.org/action/showImage?doi=10.2460/ajvr.74.3.481&iName=master.img-012.png&w=222&h=166


488   AJVR, Vol 74, No. 3, March 2013

they were not lying down. The biological importance of 
this is unknown and warrants further investigation. Re-
gardless, the results of the present study indicated that 
transportation of healthy feedlot heifers during periods 
of high ambient temperature did not have a detrimen-
tal effect on their behavior during the immediate 3-day 
period after transit and that the use of accelerometers 
was a sensitive and effective method for monitoring be-
havior in cattle.

The amount of weight cattle lose during transpor-
tation varies.29 The distance cattle are transported has 
been associated with the percentage of weight loss, and 
the greatest proportion of weight is lost during the first 
hours of transit.30–32 In the present study, the percent-
age of weight lost by heifers during transportation was 
similar to that lost by feeder steers in another study.33 
The percentage of body weight lost by heifers during 
transportation in the present study was most likely the 
result of the withholding of feed and water in addition 
to excretion of feces and urine and moisture lost via 
respiration and sweating.

For cattle, it is important to monitor weight loss 
during transportation because the amount of weight 
lost is positively associated with the risk of developing 
BRD.34 The percentage of weight lost by cattle during 
transportation has been used as a determinant for the 
metaphylactic treatment of cattle entering feedlots.35,36 
The distance cattle were transported has also been 
positively associated with BRD morbidity and nega-
tively associated with average daily gain.37 In another 
study,38 the percentage of weight lost was greater when 
cattle were transported during periods of high ambient 
temperature (18° to 34°C), compared with that when 
cattle were transported during periods of low ambi-
ent temperature (–6° to 16°C). Results of yet another 
study39 indicate a positive association between the to-
tal amount of weight lost during transportation and 
body weight immediately prior to transport and am-
bient temperature. In the present study, heifers were 
transported during periods of high ambient tempera-
ture (≥ 32.2°C), and weight loss was transient; by 
48 hours after initiation of transportation, the mean 
body weight for the transported heifers did not differ 
significantly, compared with that immediately before 
transportation.

In animals, the physiologic response to fear or 
stress is the release of cortisol from the adrenal cor-
tex via stimulation of the hypothalamus and pituitary 
gland.40 In the present study, we expected serum cor-
tisol concentration to increase in the heifers during 
transportation because of the novelty of the situation 
and the increased handling that was required for sample 
collection. The increase in mean cortisol concentration 
at the midway (hour 4) point of transit, compared with 
that immediately prior to transit, was similar to results 
of other studies.28,41 However, the decrease in mean cor-
tisol concentration between the midway point and the 
end (hour 8) of transportation was unexpected and may 
have been caused by the lack of novelty for the heifers 
after being reloaded onto the trailer and transported for 
the second time within a short period of time. Results 
of research by Grandin4 indicate that individual animal 
factors such as previous experience influence the physi-

ologic and behavioral responses to stressful events. The 
implementation of animal-handling procedures that 
decrease stress should result in decreased cortisol re-
lease and improve animal welfare.42 Also, the increase 
in mean serum cortisol concentration in heifers mid-
way through transit may have been associated with the 
decrease in nasal and rectal temperatures as an effect of 
weight loss and peripheral vasoconstriction.

In the present study, we also evaluated plasma 
substance P concentration as a potential biomarker for 
transportation stress in cattle. Substance P is a neuro-
peptide that modulates the dorsal root nociceptive neu-
rons and can be detected in areas involved with pain 
and stress.43 Results of another study19 indicate that 
substance P concentration is an effective biomarker for 
pain in calves. Concurrent evaluation of cortisol and 
substance P concentrations may be beneficial because 
of the different mechanisms by which each biomarker 
is released, which may allow for the quantification of 
the magnitude or severity of stress in cattle. Although 
the neurophysiologic processing of pain and stress 
may differ, there is a cross-link between cortisol and 
substance P concentrations. Cortisol release follows a 
circadian rhythm with increased secretion occurring 
with the onset of daylight.44 Conversely, release of sub-
stance P does not follow a circadian rhythm19; thus, 
it may be a more sensitive biomarker for stress when 
sampling frequency is limited. In the present study, 
only the short-term effects of transportation on sub-
stance P concentration in cattle were evaluated. Also, 
blood samples were not obtained from control heifers 
because of logistic limitations; therefore, cortisol and 
substance P concentrations could not be compared be-
tween transported and control heifers. Further research 
is necessary to elucidate the mechanism of cortisol and 
substance P release in cattle exposed to pain and stress 
in various situations.

For the heifers of the present study, the mean se-
rum TNF-α concentration did not vary significantly 
at any sample collection time, compared with that im-
mediately prior to transportation. In other studies,45–48 
TNF-α concentration either increased or decreased 
after exposure of animals to heat stress or transporta-
tion. The TNF-α concentration results of the present 
study suggested that there was a lack of a proinflam-
matory response in heifers that were transported dur-
ing periods of high ambient temperatures, and this was  
unexpected.

Extrapolation of the results of the present study to 
the general feedlot cattle population should be done 
with caution because the stocking density (170 kg/m2) 
of the trailer during transportation was less than half 
the recommended maximum stocking density (360 kg/
m2) for livestock trailers25 and did not reflect conditions 
under which cattle are commonly transported in the 
United States. Moreover, the location of heifers within 
a semitruck trailer during transportation has been as-
sociated with the subsequent morbidity rate of those 
heifers.49

Results of the present study indicated that beef 
heifers that were transported during periods of high 
ambient temperature (≥ 32.2°C) had transient changes 
in body temperature and weight, serum cortisol and 
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plasma substance P concentrations, and behavior. How-
ever, none of the study heifers developed detrimental 
health effects during the observation period after trans-
portation. To our knowledge, the present study was the 
first to evaluate nasal mucosal temperature and plasma 
substance P concentration in beef heifers during and 
after transportation.
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Correction: Evaluation of the efficacy and safety of single administration of 4.7-mg  
deslorelin acetate implants on egg production and plasma sex hormones in Japanese quail 
(Coturnix coturnix japonica)

In the article “Evaluation of the efficacy and safety of single administration of 4.7-mg deslorelin 
acetate implants on egg production and plasma sex hormones in Japanese quail (Coturnix coturnix 
japonica)” (Am J Vet Res 2013;74:316–323), the results section of the structured abstract should 
have read as follows:

Results—Egg production was significantly decreased in the treatment group, compared with 
the control group, from 2 to 12 weeks after implant injection. Egg production ceased in 6 of 10 
quail in the treatment group (mean duration of cessation, 70 days). Plasma androstenedione and 
17β-estradiol concentrations were significantly lower on day 29 in the treatment group than in the 
control group. On day 180, 17β-estradiol concentration was lower in control than in treated birds. 
No clinically relevant lesions were detected in either group at necropsy.
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