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Exertional Myopathy in a Grizzly Bear (Ursus arctos) Captured by

Leghold Snare
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Department of Veterinary Pathology, University of Saskatchewan, 52 Campus Drive, Saskatoon, Saskatchewan
S7N 5B4, Canada; 2 Foothills Model Forest, Box 6330, Hinton, Alberta T7V 1X6, Canada; 3 Corresponding author
(email: marc.cattet@usask.ca)

ABSTRACT: We diagnosed exertional myopathy
(EM) in a grizzly bear (Ursus arctos) that died
approximately 10 days after capture by leghold
snare in west-central Alberta, Canada, in June
2003. The diagnosis was based on history, post-
capture movement data, gross necropsy, histo-
pathology, and serum enzyme levels. We were
unable to determine whether EM was the
primary cause of death because autolysis
precluded accurate evaluation of all tissues.
Nevertheless, comparison of serum aspartate
aminotransferase and creatine kinase concen-
trations and survival between the affected bear
and other grizzly bears captured by leghold
snare in the same research project suggests EM
also occurred in other bears, but that it is not
generally a cause of mortality. We propose,
however, occurrence of nonfatal EM in grizzly
bears after capture by leghold snare has
potential implications for use of this capture
method, including negative effects on wildlife
welfare and research data.

Key words: Aspartate aminotransferase,
AST, creatine kinase, CK, exertional myopa-
thy, grizzly bear, leghold snare, Ursus arctos.

Exertional myopathy (EM) is a nonin-
fectious disease of animals characterized
by degenerative or necrotizing damage to
skeletal and cardiac muscles associated
with physiologic imbalances after extreme
exertion and stress (Williams and Thorne,
1996). In mammals, the disease has been
documented primarily in artiodactyls after
capture or restraint, hence common use of
the more restrictive term ‘‘capture myop-
athy.’’ It is widely recognized, however,
that EM may occur in any order of
mammals under appropriate conditions
of exertion and stress, and it is not always
associated with capture. Reports of EM in
carnivores are few, but the disease has
been documented in red fox (Vulpes

vulpes; Kreeger et al., 1990), North
American river otter (Lutra Canadensis;
Hartup et al., 1999), mountain lion (Puma
concolor; Wolfe and Miller, 2005), coyote
(Canis latrans), badger (Taxidea taxus),
and black-footed ferret (Mustela nigripes;
Williams and Thorne, 1996). Here, we
report a case of EM in a free-ranging
grizzly bear (Ursus arctos) that died
approximately 10 days after capture by
leghold snare.

On 2 June 2003, we captured an adult
(10-yr-old) male grizzly bear along the
Berland River in west-central Alberta,
Canada (53u439N, 118u279W) as part of
the Foothills Model Forest Grizzly Bear
Research Project (research goals are sum-
marized by Stenhouse and Graham, 2005).
The bear was captured by Aldrich leghold
snare (Margo Supplies Ltd., High River,
Alberta, Canada) and restrained by the left
forelimb for 5215 hr before arrival of the
capture team. It was anesthetized by
remote drug delivery (Pneu-Dart Inc.,
Williamsport, Pennsylvania, USA) using a
combination of xylazine and zolazepam2

tiletamine administered intramuscularly as
xylazine (Cervizine 300H, Wildlife Pharma-
ceuticals, Inc., Fort Collins, Colorado,
USA) at 2 mg/kg and TelazolH (Fort Dodge
Laboratories, Inc., Fort Dodge, Iowa,
USA) at 3 mg/kg estimated body weight
(Cattet et al. 2003a). At the conclusion of
handling, we administered atipamezole
(AntisedanH, Novartis Animal Health Can-
ada Inc., Mississauga, Ontario, Canada) at
0.15–0.20 mg/kg, half-volume intramuscu-
larly and half-volume intravenously, to
reverse effects of xylazine.
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We recorded pulse and respiratory rates,
rectal temperature, and hemoglobin oxy-
gen saturation (Nellcor NPB-40 pulse
oximeter, Nellcor, Pleasanton, California,
USA) at onset of handling and every
15 min thereafter during an 80-min han-
dling period. Vital signs remained stable
and unremarkable (by temporal order,
pulse rate, 95271 beats/min; respiratory
rate, 20218 breaths/min; rectal tempera-
ture, 38.8239.3 C; hemoglobin oxygen
saturation, 88299%). We extracted a
premolar tooth to estimate age by counting
cementum annuli (Stoneberg and Jonkel,
1966). We collected blood from the femo-
ral vein into sterile tubes for biochemistry
analysis, and into an EDTA tube for
measurement of complete blood count.
The blood was centrifuged within 8 hr of
collection, and serum was extracted and
frozen (220 C) for biochemistry analysis
using an Abbott SpectrumH Series II
biochemistry analyzer (Abbott Laborato-
ries Diagnostic Division, Abbott Park,
Illinois, USA). We also chilled a whole
blood sample in EDTA for determination
of complete blood cell count within 24 hr
of collection using an Abbott Cell-DynnH
3200 hematology analyzer (Abbott). We
weighed the bear in a sling suspended
beneath a load scale (MSI-7200 Dynalink,
Precision Giant Systems Inc., Edmonton,
Alberta, Canada). It weighed 245 kg and
was in normal body condition for sex, age,
and time of year (Cattet et al., 2008). With
respect to capture-induced injuries, we
noted a 2 mm puncture in the right
shoulder at the site of dart injection and a
2.5-cm laceration on the medial aspect of
the snared wrist (carpus). We fitted the
bear with a Televilt Simplex global posi-
tioning system (GPS) radiocollar (TeleviltH,
TVP Positioning AB, Lindesberg, Sweden)
programed to acquire 3-dimensional loca-
tions at 4-hr time intervals. Our research
protocol was reviewed and approved by the
University of Saskatchewan’s Committee
on Animal Care and Supply and was in
accordance with guidelines provided by the
Canadian Council on Animal Care (2003).

We sighted the bear by helicopter
twice over a 5-day period after release;
1 day after capture, moving through
forest approximately 1.3 km from the
capture site; and 5 days after capture,
again moving through forest 2.8 km from
the capture site. We were unable to
observe the bear again until 15 days after
capture when it was found dead in the
same general area as on day 5. From GPS
locations, we estimated the bear’s move-
ment rates during the first 5 days after
capture to start at 27.4 m/hr over the first
12 hr, and then 65.9 m/hr over 19 hr,
34.3 m/hr over 39 hr, and 1.8 m/hr over
33 hr. After 5 days, movement rates
remained low (,1 m/hr), and GPS loca-
tions became concentrated in the same
general area. Average movement rate
over the first 3 days after capture
(41.7 m/hr) was low relative to many
bears after capture, but it was still within
expected range for an adult male cap-
tured in June (mean571 m/hr and 95%

confidence interval [CI]5362106 m/hr
calculated from movement records of 91
grizzly bears captured 150 times; Cattet
et al., 2008). The GPS data indicated the
bear died approximately 10 days after
capture.

We recovered and transported the
carcass to the Western College of Veter-
inary Medicine (University of Saskatche-
wan, Saskatoon, Saskatchewan, Canada)
for pathologic examination. Although car-
cass weight was not recorded, the carcass
seemed to be in moderate body condition
based on presence of subcutaneous and
visceral fat stores. Damage to the left front
foot was greater than recognized at time of
capture; the laceration was deep and
medial metacarpal bone (I) was fractured,
with the distal 1 cm missing. Autolysis
prevented accurate detection of lesions in
many tissues, including heart and kidneys.
Nevertheless, the left superficial pectoral
and biceps muscles were swollen and pale
(Fig. 1). Furthermore, microscopic evalu-
ation of sections of affected muscle stained
with hematoxylin and eosin (H&E) re-
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FIGURE 1. Widespread pallor of the left superficial pectoral (arrow) and biceps (circle) muscles of a grizzly
bear that died approximately 10 days after capture by leghold snare.

FIGURE 2. Photomicrograph of the superficial pectoral muscle of a grizzly bear with severe exertional
myopathy. The tissue section is characterized by degeneration and necrosis of myofibers, with moderate
mononuclear inflammatory cell infiltrate. H&E stain. Bar5500 mm.
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vealed extensive degeneration and necro-
sis of myofibers (Fig. 2). The dart wound
terminated as a large (324-cm) abscess
with some associated muscle necrosis and
heavy infection with the bacterium Clos-
tridium perfringens confirmed by culture
and polymerase chain reaction (PCR)
detection of C. perfringens a-toxin.

Analysis of blood collected at capture
showed a large number of neutrophils
(23.23109/l), with many exhibiting toxic
change, and a small number of lympho-
cytes (0.63109/l), a leukogram consistent
with inflammation and stress. In compar-
ison with reference intervals for captive
brown bears (Ursus arctos; Teare, 2002),
serum electrolyte results suggested mild
loss of body water (sodium5158 mmol/l
vs. 1272147 mmol/l and chloride5123
mmol/l vs. 942110 mmol/l). In addition,
serum enzyme concentrations (creatine
kinase [CK]58,047 U/l vs. 32167 U/l,
aspartate aminotransferase [AST]5894
U/l vs. 272167 U/l, and alanine amino-
transferase [ALT]5172 U/l vs. 19279 U/l)
were moderately elevated. Although eleva-
tions in the aminotransferases AST and
ALT can arise from either liver or skeletal
muscle damage, the ratio of AST:ALT
concentrations, and elevated CK suggest
skeletal muscle injury was the most likely
cause (Ishak, 2004).

A diagnosis of EM was supported on the
basis of capture history (i.e., capture and
prolonged restraint by leghold snare), slow
movement rate between release and
death, and findings from gross necropsy,
histopathology, and serum biochemistry.
We were unable, however, to determine
whether EM was the primary cause of
death in this bear because autolysis
precluded gross and microscopic evalua-
tion of some tissues, e.g., heart and kidney.
Nevertheless, comparison of serum en-
zyme levels in this bear with results from
127 leghold snare captures of grizzly bears
for the Foothills Model Forest Grizzly
Bear Research Project from 1999 to 2006
suggests EM is not generally a cause of
mortality in this species. Although enzyme

values for this bear were moderately
elevated, we measured higher serum
concentrations of AST (117121665 U/l)
or CK (8,729237,280 U/l) in 14 other
snared bears, but all were known to have
survived over the research period with
exception of two bears killed by poachers.
Assuming AST and CK levels are associ-
ated with relative severity of muscle injury
in grizzly bears as documented in other
species (Ishak, 2004; Singh et al., 2005) it
would seem bears with more severe or
extensive muscle lesions survived. We
suggest the cumulative effect of EM with
other capture-related factors contributed
to the eventual death of this bear 10 days
after capture. Although existence of these
factors is speculative, we suggest one
possibility may have been systemic infec-
tion arising from an open fracture of the
left front foot. The other visible injury, the
abscess associated with the dart wound,
was less likely to have contributed to the
bear’s death because the abscess was well
contained. Nonetheless, it should be noted
that fatal clostridial myonecrosis in a black
bear in association with dart injection has
been reported previously (Barnes and
Rogers, 1980).

Our diagnosis of ‘‘nonfatal’’ EM in a
grizzly bear after capture by leghold snare
has potential implications for use of
leghold snares, a method of capture used
extensively for ursids, but also for other
wild carnivores, especially canids and
felids. Although this is the first report of
EM in a snared grizzly bear, several
reports of elevated serum enzymes in
snared bears similar or higher to values
reported here exist (e.g., see Huber et al.,
1997; Powell, 2005), including a previous
report of the Foothills Model Forest
Grizzly Bear Research Project (Cattet et
al., 2003b). In addition, EM has been
diagnosed in other species captured by
leghold snare or traps, including red foxes
(Kreeger et al., 1990), coyotes, and
badgers (Williams and Thorne, 1996). If
EM is typically nonfatal in these carnivore
species, including grizzly bears, it does not
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preclude the possibility that it may cause
prolonged and unnecessary suffering.
Furthermore, from the standpoint of
scientific inquiry, nonfatal EM may seri-
ously bias movement, survival, and mor-
tality data obtained from radiocollared
animals (Williams and Thorne, 1996).
Within the Foothills Model Forest Grizzly
Bear Research Project, we have docu-
mented movement rates of radiocollared
grizzly bears to decrease on average 43%

below normal (95% CI526255%) imme-
diately after capture and then return to
approximately normal rates in 326 wk
with severity of effect greater when AST
levels are high (Cattet et al., 2008).
Obviously, the need exists to modify
application of this method to reduce
injury or to develop safer capture tech-
niques that are as effective and practical
as leghold snares. At the same time, we
require sensitive techniques to detect and
evaluate injury on-site before a captured
animal is released. Analysis of serum
biochemistry markers as done in this
study is of limited value because of the
delay between collection and analysis of
blood.
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