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Cook, N. J. and Schaefer, A. L. 2002. Stress responses of wapiti (Cervus elaphus canadensis) to removal of velvet antler. Can.
J. Anim. Sci. 82: 11–17. An assessment of stress responses of 27 mature wapiti (Cervus elaphus canadensis) stags was conduct-
ed to test the efficacy of two methods of analgesia to reduce stress responses associated with the pain of cutting velvet antler.
Analgesic methods were a Lidocaine nerve block (LIDO) and pedicle placement electrical analgesia (EA). A control group of ani-
mals (CON) was included that did not receive analgesia. Methods of assessing stress responses included heart and respiration rates,
differential white blood cell counts and plasma cortisol. Assessment of stress responses also utilized infrared thermographic imag-
ing and measurement of salivary cortisol concentrations. The latter measures were novel approaches to stress assessment in wapi-
ti, and, as such, the study was a trial of their applicability. Measures were conducted over 2 d. Antler was harvested on day 1 and
the animals were brought back to the handling facility 24 h later (day 2) for repeated measures.

Heart and respiration rates were increased in response to cutting antler (P < 0.05) and declined following antler removal 
(P < 0.003). Reductions in eosinophils occurred over a 24-h period in all treatments and were statistically significant for the EA
treatment (P < 0.014). Plasma cortisol concentrations did not demonstrate statistical differences between either treatments or days.
Plasma cortisol concentrations were numerically higher for the EA animals on days 1 and 2 than for either the CON or LIDO treat-
ments. Plasma cortisol levels tended to be higher after capture and restraint on day 2 compared to levels recorded after antler
removal on day 1. Salivary cortisol levels were higher on day 2 compared to day 1 (P < 0.004). Between treatments, CON animals
exhibited higher salivary cortisol levels on day 2 than EA (P < 0.05) and LIDO (P < 0.002) animals. Radiated heat loss, measured
by infrared thermography, was significantly elevated in response to velveting (P < 0.00001). Increased radiated heat loss was
observed for all treatments and was statistically significant for EA (P < 0.006) and CON (P < 0.02), but not for LIDO (P < 0.06).
The study demonstrated that the process of harvesting velvet antler from wapiti initiates a significant stress response similar to that
of other animals during practices such as capture, handling and restraint. The data further suggest that stress responses to the above
husbandry practices are exacerbated by the pain of cutting antler and that animals treated with Lidocaine for pain management
exhibited a lesser stress response than CON or EA treated animals.

Key words: Wapiti, velvet antler, analgesia, stress, salivary cortisol, infrared thermography

Cook, N. J. et Schaefer, A. L. 2002. Réaction des wapitis (Cervus elaphus canadensis) au stress causé par l’ablation du bois
de velours. Can. J. Anim. Sci. 82: 11–17. Les auteurs ont évalué le stress subi par 27 wapitis (Cervus elaphus canadensis) mâles
adultes en vue de vérifier l’efficacité de deux méthodes visant à réduire la douleur causée par l’ablation du bois de velours. La 
première méthode consistait en une analgésie par blocage nerveux à la lidocaïne (LIDO) et la seconde en une analgésie par choc
électrique au niveau du pédicule (CE). Un groupe témoin d’animaux n’ont bénéficié d’aucune analgésie. Les auteurs ont mesuré
le stress d’après le rythme cardiaque et la fréquence respiratoire, la numération différentielle des leucocytes et le dosage du 
cortisol dans le sang. Ils ont aussi évalué le stress par thermographie infrarouge et détermination de la concentration du cortisol
dans la salive. Ces deux dernières méthodes n’avaient encore jamais été utilisées pour mesurer le stress chez les wapitis, de sorte
que l’étude a permis d’en établir l’efficacité. Les mesures ont été prises en l’espace de deux jours, avec récolte du bois le premier
jour et prélèvement de diverses mesures le jour 2 lorsque les animaux ont été ramenés au même endroit 24 heures plus tard.

L’ablation du bois augmente le rythme cardiaque et la fréquence respiratoire (P < 0,05), qui diminuent après l’opération
(P < 0,003). Vingt-quatre heures après le traitement, on observe une diminution du nombre d’éosinophiles statistiquement 
significative pour la méthode CE (P < 0,014). La concentration de cortisol dans le sang ne varie pas de manière statistiquement
significative avec le traitement ni d’une journée à l’autre, mais elle est numériquement plus élevée chez les sujets CE les jours 1
et 2 que chez les témoins et les animaux du groupe LIDO. La concentration de cortisol dans le sang a tendance à augmenter après
la capture et la contention, le deuxième jour, qu’après l’ablation du bois le jour précédent. La concentration de cortisol salivaire
était plus élevée le jour 2 que le jour 1 (P < 0,004). Lorsqu’on compare les traitements, les témoins présentent une plus grande
concentration de cortisol salivaire que les sujets CE (P < 0,05) et LIDO (P <0,002) le jour 2. La perte de chaleurs par rayonnement,
mesurée par thermographie infrarouge, était sensiblement élevée après l’ablation du bois de velours (P < 0,00001). Cette hausse
se manifeste avec tous les traitements et était statistiquement significative pour les sujets du groupe CE (P <0,006) et les témoins
(P <0,02), mais pas pour ceux du groupe LIDO (P <0,06). L’étude démontre que la récolte du bois de velours cause un stress
important aux wapitis, semblable à celui qu’entraînent la capture, la manutention et la contention chez d’autres animaux. Les 
données laissent également croire que la réaction à de telles pratiques d’élevage est exacerbée par la douleur de l’opération et que
les animaux recevant de la lidocaïne connaissent moins de stress que ceux des deux autres groupes.

Mots clés: Wapiti, ablation des bois, analgésie, stress, cortisol salivaire, thermographie infrarouge
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Abbreviations: CON, control group of animals; EA, pedicle placement electrical analgesia; HPA, hypothalamic-pituitary-
adrenal; LIDO, Lidocaine nerve block; TENS, trans-cutaneous electrical nerve stimulation; WBC, white-blood cell
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Velvet antler from Cervidae is a unique food product
demonstrated to display a number of biological properties
useful in human health (Sunwoo et al. 1997). Velvet antler
from animals such as wapiti (Cervus elaphus canadensis) in
Canada is used to supply growing export and domestic mar-
kets. The humane treatment of animals in various husbandry
practices is of concern for reasons of both economics and
animal welfare. This is apparent in regulatory documents
and industry-driven codes of practice [Canadian Food
Inspection Agency (CFIA) 1998]. Consequently, there is
considerable interest in acquiring objective knowledge with
regard to humane methods for the removal of velvet antler. 
One opinion currently held in the industry is that most ani-
mals are averse to the process of capture, handling and
restraint. Therefore, in the interests of minimizing animal
stress, it is often suggested that the quickest method of vel-
vet antler removal would be the most humane. In the present
study a non-analgesic removal process was used as the con-
trol (CON).

In contrast, another opinion is that some form of analge-
sia for pain management should be applied before antler
removal, even if more time is required for harvesting antler.
This latter view has been incorporated into the Deer Code of
Practice (CFIA 1998). 

The use of a non-analgesic control group in this study was
debated in terms of humaneness. The inclusion of this group
was based on the knowledge that capture, handling and
restraint has been demonstrated to be stressful in a variety of
domestic species (Grandin 1997) and thus the concept of
minimizing the time involved in these processes has merit.
Removal of velvet antler without the benefit of analgesia is
practiced globally by many deer farming communities.
Furthermore, the removal of antler or horn without analge-
sia in other domestic species e.g., cattle, is regarded as stan-
dard industry practice by the Canadian Code of Practice
(CFIA 1991). The Lacombe Research Centre’s animal care
committee approved the protocol for the present study. 

Two forms of pain management are currently in common
use in North America. The application of local anaesthetic
(2% Lidocane-HCl) in a ring-block procedure is generally
considered to be the most efficacious in terms of pain con-
trol. However, the application of a local anaesthetic is time
consuming and is thought by some to cause more stress due
to the increased holding time. Also, chemical residues of the
anaesthetic will be present in the antler and this may be in
breach of Canadian and international food safety acts. 

An alternative method of inducing analgesia, anecdotally
reputed to be effective and requiring less time for applica-
tion, is trans-cutaneous electrical nerve stimulation (TENS)
or so-called “electrical analgesia” (EA). This technique has
been applied in human medicine to alleviate pain associated
with a number of conditions (Ottoson and Lundeberg 1988).
A review of scientific literature regarding the application of
TENS in humans concluded that “The body of clinical evi-
dence suggesting that TENS is effective is approximately
equal to the body of evidence that suggests it to be no more
effective than sham-TENS” (Reeve and Corabian 1995). It
is clear from both of these reviews that effective TENS
treatment is dependent on a number of factors and conse-

quently the technique is highly patient-specific. Technical
parameters include pulse frequency, amplitude and duration.
Thierman et al. (1999) found that the electrical impedance
of elk to TENS applied from ear to ear to be “purely resis-
tive” and highly variable (479–1185 Ω). Several factors
contribute to variation in resistance, including electrode
contact, hair density, wet or dry coat conditions. Thus, a pro-
tocol for the use of EA analgesia in wapiti is at best specu-
lative, particularly with regard to the specific parameters for
application, e.g., current, amplitude, frequency, pulse width,
placement of electrodes and time to achieve analgesia.

At the time of this study none of the above methods of
antler removal could be regarded as the “method of choice”.
Objectively defining pain in animals is a difficult proposi-
tion, and one that could involve a large number of parame-
ters. Behavioural, metabolic, physiological and endocrine
responses have all been used to study pain in animals
(Sanford et al. 1986; Flecknell 1994). A common approach
has been to measure the animal’s stress responses, including
metabolic and adrenocortical activity. The objective of the
current trial was to compare animal stress responses to
antler removal utilizing the aforementioned analgesic proce-
dures for pain control. The basic premise was that the entire
process of harvesting velvet antler is stressful, but that pain
associated with cutting the antler would exacerbate stress
responses. Consequently, it was hypothesized that animals
receiving effective analgesia would exhibit lower stress
responses than those animals in which pain was a contribut-
ing factor. 

The measures used in this study were chosen to reflect the
dynamics of the stress response. Thus, rapid physiological
responses occurring over seconds to minutes and largely dri-
ven by the autonomic nervous system included heart and
respiration rates. A longer-term indicator of stress respons-
es was the inclusion of differential white-blood cell (WBC)
counts. Changes to the relative percentages of different
types of white blood cell are an endocrine-driven response
that occurs over many hours. A reduction in eosinophils
(eosinopenia) forms the basis of Thorn’s test (Thorn et al.
1953). However, the most appropriate time frame in the
context of harvesting velvet antler occurs over a period of
minutes to hours. In this respect, activation of the hypothal-
amic-pituitary-adrenal (HPA) axis and increased metabolic
activity were employed as markers of response.

Activation of the HPA axis increases the circulating lev-
els of both bound and free cortisol. Traditionally, total cor-
tisol levels in blood (protein-bound plus “free” moieties) are
used as a marker of HPA axis activity. However, only “free”
cortisol is considered to be biologically active. Free cortisol
enters fluid pools, such as saliva, largely by passive diffu-
sion. Thus, measurement of salivary cortisol is a direct
reflection of the free concentration in blood and a much
more sensitive indicator of adrenocortical activity than plas-
ma “total” concentrations. Measurement of cortisol in saliva
has demonstrated efficacy for assessment of adrenal
responses to stress in man and domestic animals (Cook et al.
1992, 1996).

Stress-induced increases in metabolic rate result in
changes to radiated-heat loss that can be detected in the
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infrared spectrum. The impact of ante-mortem stress has been
shown to alter radiated heat patterns in beef cattle and swine
(Schaefer et al. 1988, 1989). In the current study, one objec-
tive was to validate the utility of infrared thermographic
analysis in wapiti exposed to capture, handling and velveting
procedures. Radiated heat loss was measured by recording
infrared thermographic images of the dorsal surface of the
animals before capture in the squeeze and after velveting and
sampling processes. The mean temperatures of a fixed area of
the dorsal surface were used for statistical analyses.

Thus, the goals of the current experiment were, first, to
trial infrared thermographic imaging for detection of radiat-
ed heat losses and salivary cortisol measurement as a mark-
er of adrenocortical activity. Both of these approaches were
novel for wapiti. Second, the experiment compared mea-
sures of the stress response between analgesic treatments in
an attempt to differentiate between treatments in terms of
relative efficacy for pain control. 

MATERIALS AND METHODS
Twenty-seven mature wapiti (2–7 yr old) displaying velvet
in antler were used in the study. The animals were assigned
to one of three treatments, balanced by age. The wapiti were
brought in from pasture to a large enclosed holding area
approximately 2 h prior to antler removal. The holding area
was divided into pie-shaped corrals connected by gates and
a chute-squeeze area. The gates were controlled from an
overhead walkway. All animals were previously accus-
tomed to going through the handling area. Once caught in
the padded squeeze the animals were haltered and blind-
folded. Prior to antler removal one of two pain management
procedures was applied. A ring block application, similar to
that recommended by Wilson et al. (1999) of 10 mL of
Lidocaine-HCl (2%) (M.T.C. Pharmacueticals, Cambridge,
ON) was given by multi-site injection around the pedicle
(LIDO). The animal was given 10 min after the Lidocaine
injection before the antler was removed.

Transcutaneous electrical nerve stimulation (TENS) was
applied using the Vet-EA device (Grant, MN). The EA alli-
gator-clip electrodes were placed on the pedicle, anterior
and posterior to the antler, in close proximity to the occipi-
tal lobe and the corneal nerve. The pulse rate of the Vet-EA
was set at 120 Hz and the bandwidth at 260 µs. The EA tech-
nique was applied by an animal health technician experi-
enced in the procedure. The current of the TENS device was
slowly increased over a period of 2–3 min until the animal
exhibited a reaction by flickering of the eyelid. At this point
the current was slightly reduced before antlers were
removed. This method has been demonstrated to produce a
consistent current in the hands of an experienced operator
(Thierman et al. 1999). The CON group was treated in the
same manner except no analgesia was applied. Methods of
analgesia were alternated between animals. 

Infrared thermographic images were taken of all wapiti
using an Inframetrics 760 broadband camera (Inframetrics
Corp. North Billercia, MA). Images of the dorsal surface of
all animals were recorded in the squeeze, before and after
antler removal on day 1, and before and after blood and sali-
va sampling on day 2. Images were digitally recorded and

gray-scale pixels later converted to their temperature equiv-
alents. An outline area of each animal’s image was traced
and the mean temperature calculated from the individual
pixels that made up the image area. Image analysis utilized
Viewscan Software (Viewscan Ltd., Concord, ON).

A technician using a stethoscope manually recorded heart
rates and respiration rates on day 1 before, during and after
antler removal and 24 h later (day 2). Heart and respiration
rates were recorded over periods ranging from 30 s to 1 min
immediately following restraint of the animals (pre-cut),
during antler cutting (cut) and within 5 min (mean = 2.6 ±
1.1 min) of antler removal (post-cut).

Saliva samples were obtained on cotton swabs before dur-
ing and after antler removal (day 1) and before and after
blood sampling on day 2. The number of saliva samples col-
lected per animal (range = 2 to 6) varied on day 1. This was
largely due to the time animals were held in the squeeze and
other procedures occurring simultaneously with sample col-
lection. Blood samples were collected by venous puncture
into EDTA tubes after antler removal on day 1 and approx-
imately 24 h later (day 2). Blood and saliva samples were
stored on ice until returned to the lab. Blood smears were
prepared from whole blood for differential WBC counts.
Following centrifugation and separation, plasma and saliva
samples were stored at –80°C until analyzed for cortisol by
the RIA method described by Cook et al. (1997). The wapi-
ti were released to pasture following the blood collection.
Recapturing and sampling of animals 24 h later was an
attempt to assess aversive responses to the capture and vel-
veting procedures after recent (24 h) removal of antler. The
autonomic, adrenocortical and metabolic markers of stress
employed on day 1 were repeated on day 2. Clock times
were recorded for all sample collections, time in and out of
the squeeze and time of antler removal. 

Normality of distributions in data was tested for signifi-
cance using the Anderson-Darling test. However, this test
was only applied to all data from a particular parameter, i.e.,
all salivary cortisol data on day 1. The test was not applied
to sub-populations split by treatment. All of the measures
used in this study were normally distributed. However, it
was recognized that this might not have been the case for
sub-populations of data due to the relatively small numbers
of samples. Also, some animals exhibited high concentra-
tions of cortisol that could be defined as outliers. Thus, all
cortisol and temperature data were log10 transformed prior
to statistical analyses. Statistical analyses were confined to
comparisons of mean values, either between treatments
(independent t-tests), or within animals but between sample
collection days (paired t-tests). t-tests were used to compare
specific pairs of mean values. Also, although normality of
distribution is assumed by t-tests, the procedure is robust
enough to tolerate marked violations of this assumption. 

Those pairs of means that were statistically different for
log10 transformed data were also significant for non-trans-
formed data. Because all other measures were normally dis-
tributed, log10 transformation was unnecessary. Thus, in the
interests of consistency, the levels of statistical significance
reported for plasma and salivary cortisol data refer to t-tests
performed on non-transformed concentrations. 
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RESULTS
Clock times were recorded from the moment that the ani-
mals entered the squeeze until their release and included all
sampling times. The CON treatment (mean = 12.5 ± 3.95
min) proved to be considerably quicker than either the EA
(mean = 18.75 ± 5.03 min, P < 0.006) or LIDO (mean =
21.12 ± 2.0 min, P < 0.001) treatments. Sample periods for
the EA and LIDO treatments were not statistically different.

Autonomic Responses
Heart and Respiration Rates
Mean heart rates for each treatment during days 1 and 2 are
given in Table 1. Mean heart rates on day 1 were higher dur-
ing the cutting procedure (95.6 ± 14.8 bpm) than either the
pre-cut rate (88.3 ± 13.2 bpm; P < 0.05) or post-cut rate
(79.0 ± 14.1 bpm; P < 0.003). Also, the pre-cut rate was sig-
nificantly higher than the post-cut rate (P < 0.003). Within
treatments, only the EA animals demonstrated a significant
increase in heart rates to cutting antler (P < 0.03). However,
it was noted that EA animals exhibited lower pre-cut rates
than the LIDO and CON groups. Mean heart rates during
cutting were similar between treatments. Heart rates after
recapture on day 2 were numerically higher (P = 0.3) than
pre-cut rates on day 1. Although these differences were not
statistically significant the pattern was similar to that 
of other measures of the stress response. There were no 
significant differences in heart rates between analgesic 
treatments. 

Mean respiration rates (Table 2) were significantly high-
er during the cutting procedure than immediately prior to
cutting for LIDO (P < 0.05) and CON treatments (P < 0.02),
but not for EA. However, respiration rates for the EA ani-
mals were higher than LIDO and CON treatments at all
times, including pre-treatment. Consequently, although
there were several statistically significant differences
between EA animals and the LIDO and CON groups they
may not have reflected true treatment differences due to the
variance in measures recorded prior to cutting the antler.
There was a tendency for respiration rates to be higher on
day 2 than day 1, which was consistent with heart rate data. 

Adrenocortical Responses
Differential White Blood Cell Counts
A total of 200 white blood cells were counted per stained
slide. The relative percentages of the different WBC types
as well as the neutrophil/lymphocyte ratio are given in
Table 3. Reduced numbers of eosinophils (eosinopenea)
between day 1 and day 2 occurred for the EA (P < 0.02) and
CON treatments (P < 0.08). No such reduction was evident
for the LIDO treatment (P = 0.398). The only other change
of statistical significance was a reduction in the relative
numbers of monocytes (P = 0.04) for the CON group. It was
noteworthy that relative increases in nuetrophils approached
statistical significance for EA (P = 0.072) and CON (P =
0.067) treatments but not for LIDO (P = 0.45). There were
no significant differences in the percentages of WBC counts
between treatments. 

Plasma Cortisol
Blood samples were collected after the velveting procedures
were completed on day 1 and approximately 24 h later on
day 2. Mean concentrations and the respective P values for
statistical significance are shown in Table 4. There was gen-
eral tendency for plasma cortisol levels to be higher on day
2 (mean = 194.2 ± 74.2 nmol L–1) compared to day 1 (184.7
± 81.6 nmol L–1), but this difference was not statistically
significant (P = 0.252). Numerically higher mean plasma
cortisol concentrations on day 2 were consistent for LIDO
and CON treatments. 

There were no statistical differences in mean plasma cor-
tisol concentrations between treatments for day 2 samples.
However, it was noted that plasma cortisol concentrations in
the LIDO treatment tended to be lower on day 2 than either
the EA (P = 0.075) or CON treatments (P = 0.299).

Saliva Cortisol
Saliva samples were obtained before, during and after cut-
ting antler on day 1 and before and after blood sampling on
day 2. The time required for the harvesting process varied
greatly between treatments and as a consequence the num-
bers of samples collected per treatment also varied. On day

Table 1. Mean (1 SD) heart rates during antler removal (day 1) and before and after sampling (day 2)

Day 1 Day 2

Pre-cut Cut Post-cut Pre-sample Post-sample

CON 90.6 (13.1) 95.5 (15.5) 80.5 (17.2) 93.3 (21.2) 87.5 (20.9)
EA 83.8 (25.4) 96.0 (30.5) 70.8 (24.1) 99.1 (32.2) 92.0 (28.9)
LIDO 90.9 (16.6) 95.3 (22.0) 86.7 (10.6) 85.0 (22.4) 86.0 (13.0)
All animals 88.3 (13.2) 95.6 (14.8) 79.0 (14.1) 92.8 (19.9) 88.6 (15.7)

Table 2. Mean (1 SD) respiration rates (rpm) during antler removal (day 1) and before and after sampling (day 2)

Day 1 Day 2

Pre-cut Cut Post-cut Pre-sample Post-sample

CON 17.6 (2.4) 23.1 (5.6) 22.7 (4.5) 25.8 (4.9) 26.2 (6.7)
EA 35.1 (13.8) 31.6 (10.5) 36.9 (17.1) 33.8 (13.8) 38.2 (12.1)
LIDO 22.1 (4.5) 27.5 (6.6) 21.3 (8.1) 23.0 (2.8) 24.0 (6.8)
All animals 25.0 (10.5) 27.4 (7.5) 26.3 (11.4) 27.7 (8.8) 29.7 (9.5)
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1 between two and six samples were collected per animal
(mean = 4.3). Due to inconsistencies in the timing of saliva
sampling it was not possible to make direct comparisons
between treatments for individually timed samples. Thus,
the average of all sample concentrations for individual ani-
mals on separate collection days was taken as a measure
reflecting adrenal activity over the sampling period. These
values were used to compare treatments and day affects. The
mean salivary cortisol levels for each treatment on both col-
lection days are given in Table 5. Mean salivary cortisol lev-
els were higher on day 2 than on day 1 (P < 0.004) after
combining data from all animals. This effect was observed
for the LIDO (P < 0.05) and CON (P < 0.02) treatments, but
not for the EA treatment. A comparison of salivary cortisol
levels between treatments revealed that mean concentration
on day 2 for the CON treatment group was significantly
higher than for EA (P < 0.05) and LIDO (P < 0.002) groups.

Metabolic Responses
Infrared Thermography
Images of the dorsal surfaces of the animals were recorded
on days 1 and 2. Table 6 gives the mean (SD) dorsal tem-
peratures pre- and post-cutting, the change in temperatures
on day 1 and the temperature on arrival in the squeeze on
day 2. Not all animals exhibited an increase in temperature
over the sampling period on day 1. Hence, the standard
deviation for “Temp Difference” (Table 6) is larger than the
mean in the LIDO and CON groups. In general, there was an
average temperature increase over the harvesting process
(day 1) of 1.13°C (P < 0.00001). The increase in radiated
temperature was observed for all treatments, but did not
reach statistical significance for the LIDO treatment (EA, P
< 0.006; LIDO, P < 0.06; CON, P < 0.02).

There were no statistically significant differences between
the means for treatments at any of the recording times, nor
were there differences in log10 transformed tem perature
change over the velveting period on day 1. However, it is
noteworthy that animals in the EA treatment exhibited
numerically higher temperatures for each sampling time
(days 1 or 2) than either CON or LIDO treatments.

DISCUSSION
Animals exhibit complex behavioural, endocrine and physi-
ological responses to pain. A great variety of these respons-
es have been used in numerous studies that attempt to assess
animal pain. (Sanford et al. 1986; Flecknell 1994; Hubbard
and Workman 1998). A relatively common strategy is to
measure physiological and endocrine parameters associated
with a general stress response. The present study was a pre-
liminary attempt to assess the stress responses of wapiti
stags during velvet antler removal. A basic premise of this
study was that pain constitutes an additional stressor to the
processes of handling and restraint. Also, that the magni-
tudes of aversive stress responses to capture and restraint
24 h after antler removal would reflect the previous day’s
experience. Thus, an effective analgesic removes a source of
stress, i.e., pain, from the velveting process. The hypothesis
was that resultant stress responses would be lower with an
effective analgesic than if a less effective or no analgesia
were applied.

The data generated by this study can only be interpreted
within the specific parameters employed for the use of
Lidocane and application of EA treatments. It should not be
inferred that all doses of any local anaesthetic would pro-
duce similar results or that alternative application of EA,
e.g., ear-to-ear placement, would likewise be comparable.
The authors also note that the average capture times in the
present study likely exceeded those practiced by industry.

Unlike horn or mature antlers, velvet antler is a growing,
highly vascular and innervated tissue. Thus, it seems intu-
itively obvious that cutting velvet antler would involve
some degree of pain. Autonomic responses to the cutting
procedure supported this basic assumption. Heart and respi-
ration rates were increased during the cutting procedure
compared to pre- and post-cut measures. The variance in
these measures was surprisingly high due to the measure-
ment procedure. Manual recording of these parameters
depended to a large extent on access to the animals during
periods of activity at the squeeze. Thus, it was not possible

Table 3. Mean (1 SD) of relative percentages of different white blood cell types on days 1 and 2

EA LIDO CON

WBC type Day 1 Day 2 P < Day 1 Day 2 P< Day 1 Day 2 P<

Neutrophils 42.6 10.34) 50.7 (14.8) 0.07 46.2 (10.6) 46.9 (10.6) 0.45 46.0 (11.0) 50.8 (10.7) 0.07
Lymphocytes 26.4 (7.7) 29.1 (7.4) 0.17 28.5 (11.8) 30.8 (6.9) 0.22 30.9 (4.5) 32.5 (6.3) 0.29
Monocytes 3.3 (1.4) 3.3 (1.8) 0.5 5.7 (1.7) 3.6 (3.4) 0.09 4.6 (2.9) 2.7 (2.6) 0.04
Eosinophils 25.9 (10.1) 15.1 (12.5) 0.02 18.0 (9.2) 17.4 (10.1) 0.39 16.4 (9.2) 13.1 (10.5) 0.08
Neut/lymp 1.8 (0.72) 1.9 (0.92) 0.35 1.9 (0.92) 1.6 (0.55) 0.21 1.5 (0.43) 1.6 (0.62) 0.33

Table 4. Mean (1 SD) plasma cortisol concentrations (nmol L–1) for
each treatment on both sampling days. Levels of significance (P) given
for paired t-tests between days

Treatment Day 1 Day 2 P

EA 210.1 (83.7) 207.4 (73.5) 0.8998
LIDO 158.9 (65.1) 173.4 (59.8) 0.1385
CON 185.3 (96.1) 202.7 (92.5) 0.3874
All animals 184.7 (81.6) 194.2 (74.2) 0.2518

Table 5. Mean (1 SD) salivary cortisol concentrations (nmol L–1) for
each treatment on both sampling days. Levels of significance (P) given
for paired t-tests between days

Treatment Day 1 Day 2 P

EA 11.2 (7.3) 12.1 (6.4) 0.35
LIDO 9.8 (4.7) 12.5 (5.6) 0.05
CON 11.3 (6.5) 18.3 (6.5)z 0.01
All animals 10.6 (6.2) 14.3 (8.7) 0.003
zNB: Mean salivary cortisol levels on day 2 for CON was statistically 
higher than for the EA (P < 0.05) and LIDO treatments (P < 0.002).
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to record rates over equivalently timed periods for all ani-
mals. Some recordings were made over a period of 30 s
while others were recorded over 1 min. The variation in
these data may account for a lack of statistically significant
treatment differences.

We hypothesized that exposure to a painful experience
during velveting would manifest itself in an aversive stress
response 24 h later, and would be greater in those animals
for which pain had been an exacerbating factor. In general,
greater stress responses were observed for day 2 compared
to day 1. Autonomic and adrenocortical responses on day 2
were generally higher than similarly timed samples on
day 1. Plasma cortisol levels tended to be higher on day 2
than on day 1, despite the fact that the velveting process on
day 1 was considerably longer and involved cutting antler.
Moreover, the pattern of adrenocortical responses between
days 1 and 2 was maintained across treatments. In particu-
lar, mean salivary cortisol concentrations on day 2 were sta-
tistically higher than on day 1 for CON and LIDO animals.
The non-significant differences between sampling days for
the EA treatment were probably due to a higher day 1 mean
concentration. These observations support the hypothesis
that an unpleasant experience can initiate greater responses
on re-exposure within a short time period. Also, that the
more unpleasant the experience the greater the aversive
response 24 h later. 

With one exception, none of the measures of the stress
response used in this study were shown to be statistically
different between treatments. This is perhaps not surprising
given the small number of animals in each treatment group.
The exception was that mean salivary cortisol levels on day
2 for the CON treatment were statistically greater than for
the EA (P < 0.05) and LIDO (P < 0.002) treatments. Despite
a lack of statistical evidence using direct comparison
between mean values, there were some interesting observa-
tions that merit consideration and may imply differential
treatment effects on stress responses. 

Eosinopenia has long been recognized as a predominant-
ly adrenocortical response to stress (Thorn et al. 1953). In
terms of treatment effects, LIDO animals exhibited marked-
ly less eosinopenia after 24 h than the EA and CON groups.
Furthermore, plasma and salivary cortisol levels were
numerically lower for LIDO treatment on both sampling
days. The relationship between these parameters is well
known and thus there is a degree of self-consistency in the
data that may indicate comparatively reduced stress
responses within the LIDO treatment. 

Another interesting indication was the metabolic respons-
es determined by infrared thermography. Across all treat-
ment groups there was a very significant increase in

thermally radiated heat measured over the velveting proce-
dure. Furthermore, increases in radiated heat were statisti-
cally significant for the EA and CON treatments, but not for
the LIDO treatment. An interfering factor in the measure-
ment of metabolic activity using dorsal surface temperature
was a possible insulating effect of the squeeze. Some level
of thermal loading during the time in the squeeze might be
expected and would at least partially account for the
increase in radiated temperature over the recording period.
Nevertheless, metabolic responses assessed by IRT were
consistent with responses recorded for other species
(Schaefer et al. 1988, 1989) and “internally” consistent with
adrenocortical responses. Furthermore, the data exhibited
significant treatment differences that would not be expected
if the increase in radiated temperature was entirely due to a
randomly distributed interfering variable.

A factor that could not be controlled in this experiment
was the time taken to process each group. It would therefore
be expected that the treatment taking the longest might
exhibit higher measures of the stress response. The LIDO
treatment took the longest but, paradoxically, measures of
stress responses tended to be lower in this group.

The study also served as a trial of infrared thermography
and salivary cortisol analyses in wapiti. The patterns of
metabolic responses as measured by IRT were very similar
to responses observed for cattle and swine (Schaefer et al.
1988, 1989). This study was not specifically designed to
examine the relationship between plasma and salivary corti-
sol concentration. Nevertheless, an estimate of the ratio
between these measures can be made from the data. On day
1 the salivary cortisol concentrations were approximately
5.7% of plasma levels and on day 2 were approximately
7.4%. These values are typical of several species including
swine and horses (Cook et al. 1996; Warren et al. 2001). It
is of interest to note that the saliva to plasma cortisol ratio
was higher for day 2. This is consistent with the phenome-
non of an increase in the saliva:plasma ratio during stress
responses. The effect is due to the increase in “free” cortisol
being proportionally larger than the total hormone concen-
tration in blood. Salivary cortisol concentrations are a
reflection of free cortisol levels and therefore the salivary
cortisol response is proportionally greater than total blood
cortisol levels. The estimated increase in the saliva:plasma
ratio on day 2 compared to day 1 is consistent with other
data suggesting that animals exhibited a greater response to
handling and restraint on day 2. 

We conclude that the removal of velvet antler from wapi-
ti is a stressful experience that is exacerbated by pain asso-
ciated with cutting antler. An effective analgesic such as
Lidocaine reduces the overall stress load placed on the ani-

Table 6. Mean dorsal surface temperatures (°C) by infrared thermography

Day 1
Treatment Pre-cut Post-cut Temp. difference P Day 2

EA 28.02 (1.69) 29.23 (1.63) 1.21 (1.11) 0.0059 27.37 (1.53)
LIDO 26.94 (2.29) 27.95 (2.25) 1.01 (1.55) 0.0542 26.50 (1.9)
CON 26.91 (1.84) 28.07 (1.74) 1.17 (1.42) 0.0198 26.99 (1.58)
All animals 27.30 (1.79) 28.43 (1.9) 1.13 (1.42) 0.0002 26.97 (1.64)
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mals by reducing the associated pain. There was very little
evidence, apart from salivary cortisol comparisons, to indi-
cate that the EA technique was any more effective for pain
control than non-analgesic removal. 

When exposing domestic animals to stressful husbandry
practices it is important to consider the “accumulative”
effects of different stressors and to take measures to attenu-
ate not just the pain and discomfort specific to times such as
surgical procedures, but also at pre- and post-surgical
events. Hence, a program aimed at providing pre-capture
and post-capture stress reduction along with the application
of acute pain analgesia at the time of antler removal would
be optimal. This type of stress modulation program is the
subject of a follow-up study involving larger numbers of
animals and a compression method of analgesia.
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