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ABSTRACT: A moribund 5-year-old female
northern river otter (Lontra canadensis) was
found on the bank of a river known to be
extensively contaminated with mercury. It
exhibited severe ataxia and scleral injection,
made no attempt to flee, and died shortly
thereafter of drowning. Tissue mercury levels
were among the highest ever reported for a
free-living terrestrial mammal: kidney, 353 mg/
g; liver, 221 mg/g; muscle, 121 mg/g; brain (three
replicates from cerebellum), 142, 151, 151 mg/g
(all dry weights); and fur, 183 ug/g (fresh
weight). Histopathologic findings including
severe, diffuse, chronic glomerulosclerosis and
moderate interstitial fibrosis were the presump-
tive cause of clinical signs and death. This is one
of a few reports to document the death of a
free-living mammal from presumed mercury
poisoning.
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The accumulation of mercury in north-
ern river otters (Lontra canadensis) is well
documented (Mierle et al., 2000; Ben-
David et al., 2001; Yates et al., 2005), and
has been suggested as a cause of popula-
tion declines (e.g., Hyvarinen et al., 2003)
or reduced survivorship (Mierle et al.,
2000). Mercury intoxication can cause
behavioral aberrations in both American
mink (Neovison vison) and otters, includ-
ing circling and attempts to burrow into
the ground (Wobeser et al., 1976; Wren,
1985). Experimental studies have been
used to determine the possible level at
which mercury results in toxic effects in
these species by dosing animals with
methylmercury (e.g., O’Connor and Niel-
sen, 1980). However, documented cases of
fatal mercury accumulation in free-rang-
ing wildlife are rare. The use of otters and
mink as biomonitors for ecosystems is

increasing (Basu et al., 2007; Wolfe et al.,
2007). Background levels of mercury in
otters in ecosystems contaminated primar-
ily through atmospheric deposition are
under 9.0 mg/g (wet weight [ww]) in the
liver (Yates et al., 2005) and lower in the
kidney (Kucera, 1983). Levels of mercury
in ecosystems contaminated with point
sources can result in mortalities, as
reported for a dead otter from Ontario
with hepatic mercury levels of 96.0 mg/g,
ww (Wren, 1985). The fortuitous discovery
of a moribund animal in the South River,
Shenandoah Valley, Virginia, a site where
invertebrates, fish, and birds are known to
be extensively contaminated with indus-
trial mercury (Cristol et al., 2008), provid-
ed a rare opportunity to associate specific
tissue levels with mortality in a wild otter.
Analyses revealed the highest levels of
mercury reported in otters.

In April 2006, a moribund northern
river otter was observed on the western
bank of the South River (38u12.5319W,
78u50.4779N), Augusta County, Virginia.
Visual examination of the animal from
close range revealed tremors, bilateral
scleral injection, and marked ataxia. The
animal made no attempt to flee when
approached and eventually returned to the
water and drowned within minutes. The
carcass was collected and refrigerated for
18 hr until a gross necropsy could be
performed. Samples of ovary (with folli-
cle), liver, lung, kidney, and heart were
placed in 10% buffered formalin. These
tissues as well as muscle (biceps femor-
alis), bile, blood, and fur from the hind leg
were collected and frozen at 230 C. The
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rest of the carcass, including the head, was
also stored in a secure freezer at 230 C.
The head was taken to the Virginia
Department of Agriculture and Consumer
Services Animal Health Laboratory, Har-
risonburg, Rockingham County, Virginia,
where the brain was removed for rabies
testing at the Division of Consolidated
Laboratory Services, Richmond, Virginia,
and three samples of cerebellum were
retained frozen for mercury analysis. A
tooth was removed for cementum age
analysis (Matson’s Laboratory LLC, 8140
Flagler Road, Milltown, Montana, USA).

Tissues in 10% buffered formalin were
submitted to Southeastern Cooperative
Wildlife Disease Study, College of Veter-
inary Medicine, University of Georgia,
Athens, Georgia, USA for histopathologic
evaluation. Tissue sections were embed-
ded in paraffin, sectioned at 3 mm, and
stained with hematoxylin and eosin and
Ziehl-Neelsen acid-fast for light microsco-
py.

Analysis for total mercury was complet-
ed with cold vapor atomic absorbance
spectroscopy with the use of a direct
mercury analyzer (DMA-80 Milestone,
Inc., Shelton, Connecticut, USA) at the
Trace Element Research Laboratory (Tex-
as A&M University, College Station,
Texas, USA). The factory-calculated in-
strument detection limit for the direct
mercury analyzers used was 0.005 ng and
was calculated to be between 0.013 and
0.026 (n59) during this analysis. Mean
percent recovery of standard reference
materials (DORM-2, DOLT-3; National
Research Council Canada, Ottawa, On-
tario, Canada) was 100.7564.79% (n54)
during the running of the samples report-
ed while spike recovery was 100.7061.37
(n513) for the week of analysis.

No gross lesions were observed on
necropsy, except for lack of body fat.
Histopathologically, the mesangium of the
glomeruli was thickened by fibrous con-
nective tissue. Fibrous connective tissue
also expanded the cortical interstitium and
to a lesser extent the medullary intersti-

tium (Fig. 1). The liver contained a few to
moderate numbers of lymphocytes and
plasma cells and rare neutrophils that
surrounded periportal areas. Similar infil-
trates surrounded bronchioles in the lung.
Microscopic lesions were not apparent in
the heart or reproductive tract. The brain
was immunonegative for rabies by fluo-
rescent antibody and the lung and liver
were immunonegative for canine distem-
per virus (CDV). The otter was deter-
mined to be 5 yr of age and the cementum
annuli were clear and distinct.

Mercury concentration of tissues was
(dry weight, except for fur): fur, 183 mg/g
(fresh weight); kidney, 353 mg/g (75.1%

moisture); liver, 221 mg/g (74.1% mois-
ture); muscle, 121 mg/g (74.6% moisture),
brain (3 replicates from cerebellum), 142
(78% moisture), 151 (78.2% moisture),
151 mg/g (74.1% moisture).

The clinical, pathologic, and toxicologic
findings are consistent with the few
previously published case reports of mer-
cury poisoning in otters (Heinz, 1996).
The lesions seen in the kidneys were
severe and chronic and most likely led to
the clinical signs in this otter; however, as
brain tissue was not available for histopa-
thology, other causes of the central

FIGURE 1. Histopathologic section of a kidney of
a river otter (Lontra canadensis) with presumed
mercury poisoning. Note the thickening of the
mesangium of the glomeruli by fibrous connective
tissue with expansion into the cortical interstitium,
and to a lesser extent the medullary interstitium.
H&E stain. Bar520 mm.
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nervous system signs such as encephalitis
due to toxoplasmosis cannot be ruled out
(Fernandez-Moran, 2003). However, the
mercury concentration in the brain of this
animal was markedly higher than previ-
ously reported levels in naturally and
experimentally exposed otters (142–
151 mg/g versus 30.0 and 18.9 mg/g,
respectively) (O’Connor and Nielsen,
1980; Wren, 1985), suggesting mercury
poisoning as the proximate cause of death.

Although the most consistent effects of
methylmercury are on the central nervous
system, renal necrosis and fibrosis have
been reported in several experimentally
dosed species, including guinea pigs,
mink, and harp seals (Phoca groenlandi-
cus), as well as in a naturally exposed horse
(Heinz, 1996). The etiology of the renal
pathologic changes is thought to be
autoimmune glomerulopathy due to
chronic inorganic mercury filtration (Eto
et al., 1997). The remarkable finding in
this case was the extremely high body
burdens of mercury. With the possible
exception of a Florida panther (Felis

concolor coryi), these levels are higher
than previously reported values from other
nonmarine mammals (Table 1), and set an
upper boundary for documented lethal
levels of mercury in otters. To the authors’
knowledge this case report is the first to
describe histopathologic changes associat-
ed with markedly elevated tissue mercury
levels in a naturally exposed river otter.

The value of the river otter as an
established indicator species for sublethal
effects of mercury is recognized by
national mercury monitoring programs
(Wolfe et al., 2007); however, it has not
been well documented that otters or other
animals might suffer mortality from direct
exposure to mercury pollution. Although
sublethal and reproductive-effect thresh-
olds are increasingly being identified in
free-living piscivorous birds and mammals
(Scheuhammer et al., 2007; Burgess and
Meyer, 2008; Evers et al., 2008; Scheu-
hammer et al., 2008; Basu and Head,
2010), evidence of mortality related to
mercury contamination in ecosystems,
such as this account, is rare.

TABLE 1. Mercury levels reported in tissues from various mammal species.

Species Location
Level (mg/g)
(dry weight) Tissue Reference

Otter Clay Lake, Ontario, Canada 96.0 Liver Wren (1985)
58.0 Kidney
36.0 Muscle
30.0 Brain

Otter Experimentally killed 33.4 Liver O’Connor and Nielsen
(1980)39.2 Kidney

15.7 Muscle
18.9 Brain

Mink South Saskatchewan River,
Saskatoon, Canada

58.2 Liver Wobeser and Swift
(1976)31.9 Kidney

15.2 Muscle
13.4 Brain
34.9 Fur

Feral cats Minamata Bay, Japan 37–145 Liver Takeuchi et al. (1977)
Striped dolphin French Mediterranean Coast 68–2,272 Liver Augier et al. (1993)

14–34 Kidney
7–155 Muscle
4–81 Brain

Florida panther Everglades, Florida, USA 330 Liver Dunbar (1994)a

a Originally reported as wet weight. For the purposes of comparison we assumed that wet weight value was equal to dry
weight value/3 (Puls, 1994).
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LITERATURE CITED

AUGIER, H., W. K. PARK, AND C. RONNEAU. 1993.
Mercury contamination of the striped dolphin
(Stenella coeruleoalba meyen) from the French
Mediterranean coasts. Marine Pollution Bulletin
26: 306–311.

BASU, N., A. M. SCHEUHAMMER, S. J. BURSIAN, J.
ELLIOTT, K. ROUVINEN-WATT, AND H. M. CHAN.
2007. Mink as a sentinel species in environmen-
tal health. Environmental Research 103: 130–
144.

———, AND J. HEAD. 2010. Mammalian wildlife as
complementary models in environmental neuro-
toxicology. Neurotoxicology and Teratology 32:
114–119.

BEN-DAVID, M., L. K. DUFFY, G. M. BLUNDELL, AND

R. T. BOWYER. 2001. Natural exposure of coastal
river otters to mercury: Relation to age, diet, and
survival. Environmental Toxicology and Chem-
istry 20: 1986–1992.

BURGESS, N. M., AND M. W. MEYER. 2008. Methyl-
mercury exposure associated with reduced
productivity in common loons. Ecotoxicology
17: 83–91.

CRISTOL, D. A., R. L. BRASSO, A. M. CONDON, R. E.
FOVARGUE, S. L. FRIEDMAN, K. K. HALLINGER, A.
P. MONROE, AND A. E. WHITE. 2008. The
movement of aquatic mercury through terrestri-
al food webs. Science 320: 335.

DUNBAR, M. R. 1994. Florida panther biomed-
ical investigation. Florida Game and Fresh
Water Fish Commission, Gainesville, Florida,
pp. 1–54.

ETO, K., A. YASUTAKE, K. MIYAMOTO, H. TOKUNAGA,
AND Y. OTSUKA. 1997. Chronic effects of
methylmercury in rats. II. Pathological aspects.
Tohoku Journal of Experimental Medicine 182:
197–205.

EVERS, D. C., L. SAVOY, C. R. DESORBO, D. YATES, W.
HANSON, K. M. TAYLOR, L. SIEGEL, J. H. COOLEY,
M. BANK, A. MAJOR, K. MUNNEY, H. S. VOGEL, N.
SCHOCH, M. POKRAS, W. GOODALE, AND J. FAIR.
2008. Adverse effects from environmental mer-
cury loads on breeding common loons. Ecotox-
icology 17: 69–81.

FERNANDEZ-MORAN, J. 2003. Mustelidae. In Zoo and
wild animal medicine, 5th Edition, M. E. Fowler
and R. E. Miller (eds.). Saunders, St. Louis,
Missouri, pp. 501–516.

HEINZ, G. H. 1996. Mercury poisoning in wildlife. In
Noninfectious diseases of wildlife, 2nd Edition,
A. Fairbrother, L. N. Locke and G. L. Hoff

(eds.). Iowa State University Press, Ames, Iowa,
pp. 118–127.

HYVARINEN, H., P. TYNI, AND P. NIEMINEN. 2003.
Effects of moult, age, and sex on the accumu-
lation of heavy metals in the otter (Lutra lutra)
in Finland. Bulletin of Environmental Contam-
ination and Toxicology 70: 278–284.

KUCERA, E. 1983. Mink and otter as indicators of
mercury in Manitoba waters. Canadian Journal
of Zoology 61: 2250–2256.

MIERLE, G., E. M. ADDISON, K. S. MACDONALD, AND

D. G. JOACHIM. 2000. Mercury levels in tissues of
otters from Ontario, Canada: Variation with age,
sex, and location. Environmental Toxicology and
Chemistry 19: 3044–3051.

O’CONNOR, D. J., AND S. W. NIELSEN. 1980.
Environmental survey of methylmercury levels
in wild mink (Mustela vison) and otter (Lutra
canadensis) from the northeastern United States
and experimental pathology of methylmercurial-
ism in the otter. In Proceedings of the world
furbearer conference, Frostburg, Maryland, J. A.
Chapman and D. Pursley (eds.), pp. 1728–1745.

PULS, R. 1994. Mineral levels in animal health
diagnostic data, 2nd Edition. Sherpa Interna-
tional, Clearbrook, British Columbia, Canada,
356 pp.

SCHEUHAMMER, A. M., M. W. MEYER, M. B.
SANDHEINRICH, AND M. W. MURRAY. 2007. Effects
of environmental methylmercury on the health
of wild birds, mammals, and fish. Ambio 36: 12–
18.

———, N. BASU, N. BURGESS, J. E. ELLIOTT, G. D.
CAMPBELL, M. WAYLAND, L. CHAMPOUX, AND J.
RODRIGUE. 2008. Relationships among mercury,
selenium, and neurochemical parameters in
common loons (Gavia immer) and bald eagles
(Haliaeetus leucocephalus). Ecotoxicology 17:
93–101.

TAKEUCHI, T., F. M. D’ITRI, P. V. FISCHER, C. S.
ANNETT, AND M. OKABE. 1977. The outbreak of
Minamata disease (methyl mercury poisoning) in
cats on Northwestern Ontario reserves. Envi-
ronmental Research 13: 215–218.

WOBESER, G., N. O. NIELSEN, AND B. SCHIEFER. 1976.
Mercury and mink. II. Experimental methyl
mercury intoxication. Canadian Journal of Com-
parative Medicine 40: 34–45.

———, AND M. SWIFT. 1976. Mercury poisoning in a
wild mink. Journal of Wildlife Diseases 12: 335–
340.

WOLFE, M. F., T. ATKESON, W. BOWERMAN, K.
BURGER, D. C. EVERS, M. W. MURRAY, AND E.
ZILLIOUX. 2007. Wildlife indicators. In Ecosys-
tem response to mercury contamination: Indica-
tors of change, R. Harris, D. P. Krabbenhoft, R.
Mason, M. W. Murray, R. Reash and T. Saltman
(eds.). SETAC, CRC Press, Webster, New York,
pp. 123–189.

WREN, C. D. 1985. Probable case of mercury

1038 JOURNAL OF WILDLIFE DISEASES, VOL. 46, NO. 3, JULY 2010



poisoning in wild otter, Lutra canadensis, in
northwestern Ontario. Canadian Field-Natural-
ist 99: 112–114.

YATES, D. E., D. T. MAYACK, K. MUNNEY, D. C.
EVERS, A. MAJOR, T. KAUR, AND R. J. TAYLOR.
2005. Mercury levels in mink (Mustela vison)
and river otter (Lontra canadensis) from north-

eastern North America. Ecotoxicology 14: 263–
274.

Submitted for publication 16 November 2009.
Accepted 10 March 2010.

SHORT COMMUNICATIONS 1039


