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ABSTRACT: Lesions consistent with exertional myopathy (EM) were documented postmortem in
four North American river otters (Lutra canadensis) during translocation for a population res-
toration project. Clinical signs in these otters included depression, anorexia and shock. Gross
lesions in one otter included locally extensive linear, pale areas within the subscapularis, rectus
abdominis, quadriceps, and dorsal laryngeal muscles. Microscopic lesions were characterized by
acute to subacute myofiber necrosis of varying severity, and occurred in a variety of skeletal
muscles as well as cardiac muscle in one otter. Based on these observations, we conducted a
retrospective review of records of otters which experienced similar capture, transfer, and holding
protocols between 1995 and 1997, but with a successful outcome (n 5 69). Significant elevations
in serum aspartate aminotransferase (AST) and creatine kinase (CK) were observed in 19 (28%)
of the otters, but may have been higher due to delayed sample collection from some otters.
However, none of the otters with elevated enzymes exhibited clinical signs suggestive of EM.
These findings indicate that river otters may develop EM when translocated, but many cases may
be mild or clinically inapparent.
Key words: Clinical pathology, exertional myopathy, Lutra canadensis, pathology, river otter,
skeletal muscle, translocation.

INTRODUCTION

Exertional myopathy (EM), or capture
myopathy, is a non-infectious, metabolic
disease of wild and domestic animals
(Bartsch et al., 1977; Harris, 1993). In
mammals, the disease has been docu-
mented primarily in cervids (Wallace et al.,
1987). Other mammalian taxa, such as
marsupials, cetaceans, pinnipeds, rodents
and primates are also represented in the
EM literature (reviewed by Williams and
Thorne, 1996). Exertional myopathy has
been diagnosed in working and racing do-
mestic dogs (Gannon, 1980; Howerth and
McCrindle, 1982), yet reports of EM in
wild carnivores remain anecdotal.

In wild animals, EM is most often as-
sociated with capture or restraint proce-
dures involving significant muscle exertion
and stress. The pathogenesis of EM in
wildlife has been described by Chalmers
and Barrett (1982) and Spraker (1993) as
a complex process involving metabolic and
lactic acidosis, hyperkalemia and sympa-

thetic response or shock. Clinical signs are
varied, and may include depression, ataxia,
muscle weakness and pain. Skeletal muscle
necrosis and acute renal failure are com-
mon sequelae of EM. Clinical laboratory
findings, in addition to those noted above,
may include myoglobinuria, azotemia, and
elevations in serum creatine kinase (CK),
aspartate aminotransferase (AST), and lac-
tate dehydrogenase (LDH). In severe cas-
es, death may occur acutely within hours,
or more commonly between two and four
days after the onset of clinical signs.
Chronically affected animals may experi-
ence a delayed-peracute syndrome causing
death weeks later.

Techniques that involve long periods of
restraint, promote struggling from unnat-
ural positioning, or include lengthy pursuit
during capture are major factors in the de-
velopment of EM in wildlife (Williams and
Thorne, 1996). To our knowledge, no stud-
ies have estimated the prevalence of EM
in carnivores undergoing translocation, de-
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spite the current popularity of transloca-
tion of native predators from extant pop-
ulations. The purpose of the present study
was to describe myopathic lesions ob-
served in four North American river otters
(Lutra canadensis) undergoing transloca-
tion, and to determine the prevalence of
muscle enzyme elevations suggestive of
EM in a cohort of successfully translocated
river otters.

MATERIALS AND METHODS

River otters were captured during the fall of
1995, 1996 and 1997 from the Adirondack
(438009 to 458009N, 738509 to 768009W) and
Catskill regions (418009 to 428009N, 738509 to
758009W) of New York State, and translocated
as part of a population restoration project in the
western portion of the state. All otter captures
were made by specially licensed private trap-
pers that attended annual training seminars giv-
en by the New York State Department of En-
vironmental Conservation (NYSDEC; Albany,
New York, USA). All otters in this study were
captured using foothold traps. Foothold trap
sizes #1 to #2, and #11 were allowed with var-
ious modifications such as padding, offset jaw
widths of 3/32 to 1/8 in., and replacement of
stock springs with #2 coil springs. Foothold
trap sets had a minimum of three swivel points
between the stake and trap; four were man-
datory by the 1997 season. All traps were
checked minimally every 24 hr. Otter restraint
for removal from foothold traps was accom-
plished either through the use of a catch-pole
or net, or with a wooden shield to guide the
otter into a transport box.

Once delivered to NYSDEC biologists, ot-
ters were placed in wood and vinyl coated
mesh transport cages (48 cm 3 71 cm 3 1 m)
and driven by covered pickup truck to Cornell
University (CU; Ithaca, New York, USA). The
mean time between removal from the trap and
arrival at CU was 1.7 days. Under normal cir-
cumstances, otters were given a detailed health
assessment within days of arrival at the holding
facility, and maintained under a standard pro-
tocol for 2 to 3 wk prior to release (Kollias,
1998). Otters that died at CU were necropsied
the same day. Tissue sections of all major organ
systems and visible lesions were fixed in 10%
neutral buffered formalin, embedded in paraf-
fin, sectioned at 5 to 6 mm, and stained with
hematoxylin and eosin. The severity of micro-
scopic lesions in skeletal muscle were graded
as mild, moderate, or severe by agreement of
two pathologists.

Muscle enzyme levels (AST and CK) were
determined retrospectively in serum samples of
69 otters to estimate the prevalence of EM in
otters undergoing translocation by these meth-
ods. These enzymes were chosen because they
provide a valuable adjunct to the diagnosis of
neuromuscular diseases and the concentrations
of the enzymes are usually low in serum in the
presence of healthy myofibers (Cardinet, 1997).
Data from otters captured by other methods
(box traps, n 5 4) or that had incomplete en-
zyme values (n 5 8) were excluded. Data from
otters with severe injuries or pathologic con-
ditions identified at necropsy (n 5 10) that may
have resulted in cellular leakage or decreased
clearance of AST or CK also were excluded to
limit potential bias in our estimate of EM prev-
alence in the translocated population. No en-
zyme data was available for comparative pur-
poses from the four otters diagnosed with EM
lesions described herein due to lack of samples.

The AST and CK levels in the serum samples
were measured using a Hitachi 911 analyzer
and reagents supplied by the manufacturer
(Boehringer Mannheim Corp., Indianapolis,
Indiana, USA). Otters were classified as having
normal or elevated enzyme levels; the latter
consisted of both AST . 200 IU/L and CK .
1000 IU/L. These cut points were developed
after consideration of values reported for re-
cently captured and/or transported river otters
(Serfass et al., 1993) and longer-term captive
otters (Hoover et al., 1985; Davis et al., 1992).
Lastly, because we suspected muscle enzyme
levels may have declined while otters awaited
serum sampling, we used Mantel-Haenszel chi-
square to test for an association between en-
zyme status and the number of days between
capture and serum collection (#5 or .5 days)
(Epi Info 6.04; 1997 Version; Centers for Dis-
ease Control and Prevention, Atlanta, Georgia,
USA). Statistical significance was established at
P , 0.05.

RESULTS

Four otters died during the project pe-
riod and exhibited gross or histological le-
sions consistent with EM (three in 1995,
one in 1996). An adult male otter (case 1)
weighing 4.9 kg was presented 2 days after
capture. The otter continually exhibited
escape behavior from the wooden trans-
port box prior to delivery, and was offered
only water prior to delivery. On presenta-
tion, the otter was depressed, hypothermic
(24 C), dehydrated (10–12%) and exhib-
ited a weak pulse. Shock therapy consisted
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TABLE 1. Distribution and severity of microscopic lesions in muscle from four river otters with exertional
myopathy in New York.

Case Trapped limb Muscles affected Severity

1 Unknown Subscapularis, longissimus dorsi, quadriceps Mild
2 Unknown Subscapularis, rectus abdominus, quadriceps, dorsal

laryngeal, cardiac
Severe

3 Left rear Left thigha, masseter Mild
4 Left front Medial right thigha, longissimus dorsi, left infraspi-

natus
Severe

a Muscle not specified.

of intraosseous administration of warmed
fluids, dextrose, and dexamethasone, and
supplemental heat. Warmed subcutaneous
fluids, antibiotics, and nutritional supple-
ments were given 1 hr later. The otter did
not survive overnight, dying approximately
3 days after capture.

A juvenile female otter (case 2) weigh-
ing 3.7 kg was presented within 24 hr after
capture. The otter had eaten and drank
during transport and appeared alert and
responsive upon delivery. There were no
visible injuries. The otter ate, drank, and
eliminated normal feces for 3 days, and
then was found dead, approximately 4 days
after capture.

A 4.4 kg adult female otter (case 3) was
presented 2 days after capture. The otter
was offered minnows and salmon prior to
delivery, but may not have eaten. At pre-
sentation, the otter was depressed and
mild epistaxis was noted. The following
day, the otter remained depressed and was
treated with fluids, antibiotics, and nutri-
tional supplements. The otter remained
depressed and anorexic over the next day
despite additional treatments. The otter
died 4 days after capture.

A 7.6 kg adult male otter (case 4) was
presented 2 days after capture. The otter
was alert, but had loose, light brown, mu-
coid feces. The otter ate well overnight
and was started on oral antibiotics. The
following morning, the otter had foamy,
copious diarrhea. Anaerobic culture of the
fresh feces yielded many Clostridium per-
fringens, but no detectable Clostridium
exotoxin. An evaluation of feces for para-

sites was negative. The otter died later that
day, 3 days post-capture.

No gross pathological changes were ob-
served in skeletal muscle in cases 1, 3 and
4 at necropsy. Locally extensive linear pale
zones were present bilaterally within the
subscapularis, rectus abdominus, quadri-
ceps and dorsal laryngeal muscle groups of
case 2. Adequate body fat stores were not-
ed in cases 2 to 4, whereas case 1 had min-
imal body fat and severe tooth wear of
longstanding duration suggesting advanced
age. Mucoid intestinal contents were pre-
sent in all cases; gastrointestinal hemor-
rhage was observed in case 1. Clostridium
perfringens was isolated from anaerobic
cultures of the large intestine and spleen
of case 1. Pneumonia with abscessation
and pyothorax was observed in case 2. Aer-
obic culture of lung and thoracic fluid
from case 2 yielded Streptococcus spp., E.
coli, and Salmonella arizona. Traumatic le-
sions (mild subcutaneous edema and hem-
orrhage) at the trapping site were noted in
case 3 only.

Acute to subacute myofiber necrosis was
present in skeletal muscle sections exam-
ined microscopically from all four otters
(Table 1). Severity ranged from mild, with
necrotic fibers scattered throughout the
muscle section (cases 1 and 3), to severe,
with large contiguous areas of fiber necro-
sis (cases 2 and 4; Fig. 1). In each case,
severity of myofiber necrosis varied within
muscles, with apparent sparing of some fi-
bers. Necrotic fibers were characterized by
cytoplasmic fragmentation, often with as-
sociated interstitial and intracytoplasmic
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FIGURE 1. Severe subacute muscle fiber necrosis
in a river otter (Lutra canadensis) with numerous in-
ter- and intrafiber macrophages. H&E. Bar 5 25 mm.

FIGURE 2. Serum aspartate aminotransferase
(AST) levels measured in 69 river otters during trans-
location.

FIGURE 3. Serum creatine kinase (CK) levels
measured in 69 river otters during translocation.

macrophages. Mild multifocal mineraliza-
tion of affected fibers was evident in cases
2 and 3. Scattered necrotic myofibers were
found within the ventricular myocardium
of case 2. The dorsal cervical muscles were
not affected in case 4.

Small numbers of intraalveolar nema-
tode parasites (Crenosoma spp.) with min-
imal surrounding inflammation were
found microscopically in cases 1 and 3.
Pleuritis and necrotizing pneumonia with
associated bacteria was present in case 2.
Several small foci of subendocardial fibro-
vascular proliferation were found in case
3. Prominent intestinal goblet cells and in-
traluminal mucus were present in the
small intestine of all cases. No significant
lesions were present in sections of other
organs examined.

The median AST level of the success-
fully translocated otters was 137 IU/L

(range 43–3944 IU/L), and the median CK
level was 726 IU/L (range 105–12,946 IU/
L). Twenty-eight percent (19/69) of otters
were classified as having both elevated
AST and CK levels. Most elevations of
AST and CK were documented within five
days of capture (Figs. 2, 3). A significant
association was observed between enzyme
status and the time between capture and
serum collection (P , 0.01). Seventy-one
percent (15/21) of otters sampled five or
fewer days after capture had elevated AST
and CK levels, compared to 8% (4/48) of
otters sampled 6 or more days after cap-
ture. None of these otters exhibited clini-
cal signs consistent with EM described in
cases 1 to 4 above. Typically, the otters re-
mained quiet and adapted slowly to cap-
tivity, with activity and food consumption
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increasing stepwise over the first 2 days af-
ter arrival at the holding facility.

DISCUSSION

In each of the four necropsied otters,
EM appeared to be one of a constellation
of pathological processes that presumably
contributed to the otters’ clinical deterio-
ration, but could not be identified as the
sole cause of death. Among eight other ot-
ters necropsied during the project period,
clostridial enterotoxemia and pulmonary
nematodiasis were the most common
pathological findings observed. None of
these cases exhibited gross or microscopic
evidence of EM.

Myopathic lesions were not localized to
the trapped limb in the four otters. The
distribution of affected muscles was quite
generalized, involving muscles of the head,
axial and appendicular skeleton likely sub-
ject to damage by prolonged escape be-
havior during trapping or confinement. We
believe this demonstrates the potential for
a significant systemic metabolic insult that
may contribute to mortality in translocated
river otters. Renal tubular necrosis, as a
sequelae to the release of myoglobin from
damaged skeletal muscle, was not ob-
served in any of the otters examined post-
mortem, despite the presence of likely
predisposing factors, such as dehydration
and metabolic acidosis, prior to death
(Harris, 1993).

The enzyme levels measured in the suc-
cessfully translocated otters were consis-
tent with those reported for recently cap-
tured and transported river otters (Hoover
et al., 1985; Serfass et al., 1993). The ki-
netics of AST and CK catabolism and
elimination are unknown for river otters,
but are assumed to be similar to domestic
carnivores (Duncan et al., 1994). Creatine
kinase levels typically rise within hours fol-
lowing acute muscle damage and remain
elevated for only a few days, whereas AST
levels rise within days but may persist for
weeks. Cardinet (1997) suggests this pat-
tern may be due to differential disappear-
ance rates for AST and CK, as observed in

horses with paralytic myoglobinuria. This
difference cannot be confirmed by our
study because otters were not sampled at
the time of capture or sequentially prior to
release.

The magnitude and variation of AST
and CK elevations in translocated otters
appear similar with those of other species
subjected to capture or restraint proce-
dures (Bollinger et al., 1989; Kock et al.,
1987; Williams et al., 1992). However,
these data are not directly comparable be-
cause of the different capture methods
employed, sampling times of subjects rel-
ative to capture, and potential species dif-
ferences. Creatine kinase is accepted as
one of the most specific and sensitive in-
dices of muscle damage or necrosis in all
species (Harris, 1993). Aspartate amino-
transferase lacks organ specificity, howev-
er, with high concentrations in the skeletal
and cardiac muscle, liver and erythrocytes,
and may be most useful as a prognostic aid
in conjunction with CK (Cardinet, 1997).
Elevations of these enzymes are roughly
proportional to the mass of tissue affected,
although there is debate on this point
(Duncan et al., 1994). Alternatively, in-
creases in serum AST and CK levels may
be due to alterations in cell permeability
(leakage), increased synthesis or impaired
clearance (Harris, 1993).

In our study, 28% of river otters sub-
jected to capture, long-distance transpor-
tation and brief captivity showed abnormal
elevations in serum enzymes consistent
with myopathy. Abnormal AST and CK
levels were likely more prevalent in otters
within the first days of translocation, prior
to when most otters of this study were
sampled. We conclude that a high per-
centage of river otters translocated by the
methods described herein develop mild or
clinically inapparent EM.
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