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THE USE OF A TYMPANIC MEMBRANE THERMOMETER FOR

ASSESSING HYPERTHERMIA IN BIGHORN SHEEP

Mark L. Drew
Wildlife Investigations Laboratory, California Department of Fish and Game, Rancho Cordova, CA 95670, USA

Current address: Department of Large Animal Medicine and Surgery, College of Veterinary Medicine,

Texas A&M University, College Station, Texas 77843, USA

ABSTRACT: In Novenuber 1992, 45 desert bighorn sheep (Ovis canadensis nelsoni) were captured
at Old Dad Peak and the Kelso Mountains of southern California (USA) using a netgun fired
from a helicopter. Tympanic membrane temperature was compared to rectal temperature for 22

sheep to deternuine uf tympanic membrane temperature was a reliable indicator of hyperthermia
and capture stress. All animals captured had elevated rectal temperatures after capture and arrival

to the processing area. The group of 22 sheep had a mean ± SD rectal temperature of 40.9 ±
0.7 C (range 39.5 to 42.1 C) at arrival. Dimring processing of these sheep, mean ± SD rectal
temperatures were 40.9 ± 0.29 C (range 40.0 to 41.7 C) with mean ± SD tympanic temuuperatures
of 38.4 ± 0.5 C (ramuge 35.7 to 40.5 C). Mean tympanic temperatures were significantly lower
than mean rectal tenuperatures when comparing all measurements and paired tympanic and rectal
temperature measurements. Three animals had rectal and tympanic temperatures greater than
41.0 C and 39.7 C, respectively, one of which died after capture. Tympanic membrane temper-

ature measurement muuay provide a method for evaluation of hyperthermia and capture stress by

separating retained body heat due to exertion from critical elevations in core body tenuperature

which may affect post-capture survival.

Key words: Bighorn sheep, Ovis canadensis, temperature, hyperthermia, tyrnpanic tempera-

ture, capture.

INTRODUCTION

The capture of wildlife, either by phys-

ical restraint or chemical immobilization,

has become a relatively routine procedure

for biologists. During capture by any

method, animals are subjected to a variety

of negative stimuli that can lead to pro-

longed exertion, exhaustion, stress, and hy-

perthermia. Collectively these factors can

cause physiological derangements includ-

ing lactic acidosis and initiate the devel-

opment of myositis, muscle necrosis, de-

pressed immune function, and possibly

death (Spraker, 1982). This sequence of

events and end result are referred to as

capture stress, capture nuyopathy, or exer-

tional myopathy.

Normal body functions in animals de-

pend on a relatively constant body tem-

perature. The core body temperature of

healthy animals is dependent on the heat

generated by muscle contraction, assimi-

lation of food and metabolic processes

(Lusk, 1989), with about 25% of the total

heat production due to muscle contraction

(Haskins, 1995). During exercise, the heat

generated by muscle contraction increases

40 to 60 times (Carlson, 1982; Haskins,

1995).

Temperature measurement in mammals

is usually done with a thermometer placed

in the rectum. The accuracy of rectal tem-

perature in relation to core body temper-

ature, especially in hyperthermia, is poor

in humans (M. Benzinger, 1969; T. H.

Benzinger, 1969, 1977). Since significant

heat production occurs during exercise

and the heat loss mechanisms may not ad-

equately compensate for the increased

heat production, rectal temperature will

increase due to retention of heat within

the abdominal cavity. Due to blood flow

dynamics, there can be a time lag of up to

1 hr before rectal temperature accurately

reflects the true core temperature of hu-

mans (M. Benzinger, 1969; T H. Benzin-

ger, 1969).

Tympanic temperature was introduced

as a means to accurately monitor core

body temperature at the level of the hy-

pothalamus (Benzinger, 1959). Although

initially controversial, tympanic tempera-
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ture measurements have become widely

accepted in human medicine because tym-

panic temperature is more reflective of

core temperature than temperatures ob-

tamed from other sites (Bnnnel and Ca-

banac, 1989; Benzinger and Benzinger,

1972).

My objective was to compare tempera-

tures measured with a standard rectal

thermometer and a tympanic thermome-

ter for the assessment of hyperthermia as-

sociated with capture of free-ranging big-

horn sheep (Ovis canadensis nelsoni).

MATERIALS AND METhODS

On 3 to 5 November 1992, personnel from
the California Department of Fish and Game
captured and translocated 45 desert bighorn

sheep at Old Dad Peak and the Kelso Moun-
tains, San Bernardino County, California

(USA)(35#{176}06’N, 115#{176}50’W). All animals were
captimi-ed using a netgun fired from a helicopter.
Sheep were hobbled, blindfolded, placed in a
nylon mesh bag and airlifted to a central loca-
tion. Processing of sheep included initial phys-
ical examination, weighing, ear-tagging, collec-

tion of various biological samples, and admin-
istration of prophylactic agents. All sheep were

doused with water during processing. Based on
evaluation of temperature, pulse and respira-

tory rate, length of chase time and a subjective
assessment of clinical status, animals were clas-
sified as normal or stressed following Kock et
al. (1987b). Individual animals were treated for
hyperthermia and exertional myositis using in-

travenous fluids (Lactated Ringers Solution,
Baxter Healthcare Corporation, Deerfield, Illi-
nois, USA), flunixin meglumine (Banamine,

Schering-Plough Animal Health Corporation,
Kenilworth, New Jersey, USA), prednisolone
(Solu-Delta-Cortef, The Upjohn Co., Kalama-
zoo, Michigan, USA) or dexamethasone (Dex-

a-vet, Anthony Products Co., Arcadia, Califor-
nia, USA) and intraperitoneal sodium bicarbon-
ate (Bicarboject, American Veterinary Products
Co., Fort Collins, Colorado, USA). After pro-
cessing, the hobbles and blindfold were re-
moved and sheep were placed either in indi-
vidual crates or covered horse trailers for trans-

port to the release site.
During the processing of these sheep, tem-

peratures were obtained using a glass rectal
thermometer (Veterinary Ring-top Thermom-

eter, Cornell-Eisele Thermometer Division,
Popper and Sons, Inc. New Hyde Park, New
York, USA) and a tynupanic thermometer (Oto-
temp Veterinary Infrared Tympanic Tempera-

20 3m

Tim. (mm)

FIGURE 1. Mean rectal (0) and mean tympanic

(S) temperature for 22 bighorn sheep. Error bars
indicate standard deviation. Each point with an error

bar, except at 0 mm, represents two to 10 animals.

ture Scanner, Exergen Corporation, Newton,
Massachusetts, USA). Rectal temperatures
were taken, beginning at arrival to the process-

ing area, using a thermometer inserted into the
rectum for a distance of 4 to 5 cm for 1 mm.
Tympanic temperatures were taken, starting 2
to 4 mm after arrival, by inserting the tympanic
thermometer into the external ear canal and di-

recting the optical system towards the tympanic
membrane. Tympanic temperature measure-

ments were completed in 7 to 10 sec. Rectal
and tympanic temperatures were taken at 1- to

5-mm intervals for up to 30 mm, but not all
measurements were paired on all animals. A
total of 121 rectal and 68 tympanic tempera-
tures were recorded with 52 paired readings.

The body temperature of normal, healthy,
unrestrained bighorn sheep is unknown. Big-
horn sheep were assumed to be thermodynam-
ically similar to domestic sheep and goats and
a rectal temperature of 38.5 C was considered
normothermic. Hyperthermia was defined as a

rectal temperature >41.0 C or a tympanic tem-

perature >39.7 C. The parameters suggested

by Kock et al. (198Th) were used as a basis for
determining stress in captured sheep.

Statistical analysis followed methods of Sne-
decor and Cochran (1980) and were done using
EZSTAT (Trinity Software, Campton, New
Hampshire, USA).

RESULTS

Measurements of rectal and tyinpanic

temperatures were done on 22 animals

(Fig. 1). In these sheep, mean ± SD rectal

temperature at arrival to the processing

area was 40.9 ± 0.7 C (range 39.5 to 42.1
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20

TIm. (mm)

FIGURE 2. Mean rectal (0) and tympanic (#{149})
temperature from paired readings from 21 bighorn

sheep. Error bars indicate standard deviation. Each

point with an error bar represents two to seven ani-

mals.

C). During processing, mean ± SD rectal

temperatures were 40.9 ± 0.29 C (range

40.0 to 41.7 C) and mean ± SD tympanic

temperatures were 38.4 ± 0.5 C (range

35.7 to 40.5 C). Mean tympanic tempera-

ture was significantly lower than mean rec-

tal temperature (Student t-test; t = 43.1,

P < 0.001).

Fifty-two paired measurements were

done on 21 sheep during processing (Fig.

2). Mean ± SD rectal temperatures were

40.9 ± 0.4 C and mean ± SD tympanic

temperatures were 38.4 ± 1.1 C. Mean

tympanic temperature was significantly

lower than mean rectal temperature (Wi!-

signed rank test; T = 0, P < 0.001).

No correlation was found between the

paired measurements (r = 0.16).

During processing, 16 sheep were iden-

tified as stressed during clinical assess-

ment. Eleven sheep were treated for clin-

ical signs associated with hyperthermia

and capture stress. All treated animals re-

sponded to treatment as indicated by de-

creased body temperature within 10 to 12

mm after initiation of treatment and im-

provement in heart and respiratory rates.

Three of the 11 sheep treated for hy-

perthermia and stress developed tympanic

hyperthermia. These three ewes had rectal

temperatures greater than 41.0 C and tym-

panic temperatures greater than 39.7 C

during processing. Two of these ewes were

0 captured in mid- to late afternoon when

ambient temperatures were around 21 C,

had prolonged chase times (>10 mm), and

required multiple attempts at netting be-

fore being captured. The third ewe was

captured early in the morning when am-

bient temperature was approximately 7 C

and had a 4 mm chase time.

One of the three ewes with elevated

30 tympanic temperature was hyperthermic

at arrival to the processing area; her rectal

temperature was 41.5 C. This animal had

tympanic temperatures of 40.3 and 40.5 C

at 10 and 12 mm, respectively, after arrival

with rectal temperatures of 41.0 and 40.7

C at 10 and 12 mm, respectively. This ewe

had visible musculo-skeletal deficits at re-

lease including muscle cramping, weak-

ness, and reluctance to walk. She was

found dead 10 days after capture in the

vicinity of the release site, but no necropsy

was conducted.

The other two ewes became hyperther-

mia after arrival to the processing area.

One ewe became hyperthermic 4 mm af-

ter arrival (rectal temperature 41.4, 41.2,

and 40.8 C; tympanic temperature 40.3,

40.2, and 40.0 at 4, 5, and 6 mm after ar-

rival, respectively). The other ewe had rec-

tal temperatures that decreased from 41.7

C at 2 mm to 41.2 C at 10 mm after arrival

to the processing area, but tympanic tem-

peratures did not rise above 40 C until 12

mm after arrival and then remained ele-

vated for only 1 mm.

One animal had persistently elevated

rectal temperature during processing

(range 40.8 to 41.6 C) but did not have an

elevated tympanic temperature. The car-

cass of this sheep was found 9 wk post-

capture approximately 5 km from the re-

lease site, but a necropsy to determine the

cause of death was not conducted.

DISCUSSION

Normal body temperatures for free-

ranging, unrestrained animals are not

available for most ungulate species, includ-
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ing bighorn sheep. Franzmann and Thor-

ne ( 1970) captured bighorn sheep using

chemical immobilization with minimal dis-

turbance and measured rectal tempera-

tures of approximately 38.6 C. After phys-

ical restraint, and presumably some exer-

tion, rectal temperatures of these sheep

increased to approximately 40.3 C. Kraus-

man et al. (1985) found rectal tempera-

tures of 40 to 41 C in three ewes captured

by netgun, although pursuit times were

not provided. Kock et al. (1987a) found

rectal temperature to be dependent on

capture technique with rectal tempera-

tures ranging from 38.3 to 43.8 C. A nor-

mal range of rectal temperature for cap-

tured bighorn sheep of 39.1 to 41.2 C was

suggested by Kock et al. (198Th).

Strenuous activity or exertion creates

heat that is additive to the heat generated

by basal metabolic activity (Carlson, 1982).

Rectal temperature is generally considered

to be reflective of homeothermy, not min-

ute by minute alterations in heat genera-

tion (Benzinger, 1977). Detailed studies of

1)ody temperature in relation to activity are

lacking in large ungulates, although Rogers

et al. (1987) reported increased rectal tem-

perature in a white-tailed deer after exer-

tion.

Rectal temperature can increase 4 to 5

C after strenuous exercise in humans

(Eckert et al., 1988), and in racing grey-

hounds and thoroughbreds (Carlson,

1982). The upper threshold of body tem-

perature at which severe metabolic de-

rangements occur is unknown, but body

temnperatures of 5.5 C above core body

tenuperature are associated with heat pros-

tration or heat stroke in humans. Hyper-

thermia is one of the primary indications

for the development of capture myopathy

(Spraker, 1982). Mortality of free-ranging

ungulates after capture has been docu-

mented in many species and situations

(Spraker, 1982), but correlations of mor-

tality with rectal temperature are uncom-

mon (Kock et al., 1987a, b).

The elevations in tympanic temperature

in three sheep in this study is evidence

that a significant increase in core body

temperature occurred during capture or

processing that was not readily apparent

using rectal temperatures. The increase in

rectal temperature was probably associat-

ed with heat generated during exertion

and retained within the abdomen and the

large muscle mass of the rear legs as well

as the inability of these animals to dissipate

this heat rapidly. Similar discrepancies be-

tween tympanic and rectal temperatures

have been documented in human athletes

(Eckert et al., 1988).

Tympanic temperature appears to be su-

perior to rectal temperature as an indica-

tor of pathologic hyperthermia associated

with exertion and capture. Tympanic tem-

perature measurements can separate re-

tained heat due to exertion from critical

elevations in core body temperature that

may influence the prognosis for survival of

an animal. Tympanic thermometers pro-

vide a safe, non-invasive, and fast temper-

ature measurement that is more respon-

sive to dynamic, immediate physiologic

processes than the measurement of rectal

temperature.
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