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I. PROGRESS ON PROJECT OBJECTIVES SINCE PROJECT INCEPTION  

The Wildlife Health and Disease Surveillance in Alaska project is ongoing. The project 
statement was revised for the period July 1, 2007 to June 30, 2012. The overall objectives 
for the project are to: 

1) Document, evaluate, and monitor the incidence of diseases in free-ranging 
wildlife as well as the potential impacts of disease on wildlife populations in 
Alaska.  

2) Ensure animal welfare considerations in the capture and handling of wildlife by the 
Division for research or management purposes. 

Detection of the introduction of new diseases or parasites, expansion of geographic or 
host range, and the presence of zoonotic diseases all can have management implications. 
Continued intense surveillance for introduction of Chronic Wasting Disease, Moose 
Winter Tick, Johnes Disease, West Nile Virus, Mycoplasma pneumonia of sheep, brain 
worm, highly pathologic avian influenza are most critical. The routine examination of 
found dead wildlife and identification of parasites are crucial to these efforts. Since the 
institution of our CWD surveillance program, we can be highly confident at this time that 
we do not have CWD present in Sitka black-tailed deer in the Kodiak Archipelago. 
However, continued surveillance must be maintained because of the threat of captive elk 
on Kodiak that are recently imported and of unknown status. Other populations of wild 
cervids have not reached sampling levels sufficient to have confidence in our negative 
results. If CWD were to be detected, it would necessitate immediate, wide scale 
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management actions by the department and plans for these scenarios must be planned for. 
Likewise, the detection of any of the other diseases mentioned above would likely 
necessitate quick and decisive management actions by the department.  

The disease surveillance program has lead to the detection of the expansion of the range 
of the biting dog louse on wolves north of the Alaska range. This has lead to a 
preliminary and on-going study of a new method for remote delivery of oral treatment to 
mitigate the effects on wolves. This method appears to be more effective and much less 
expensive to administer than previous attempts at lice eradication. If this study proves the 
method to be efficacious, it may be considered as a management tool to increase pelt 
quality of wolves in lice infected packs and thus maintain or enhance trapping effort in 
these areas. 

The health assessment of Northern Peninsula Caribou Herd revealed severe parasite and 
nutritional problems as well as overwhelming neonatal calf mortality due to predation. A 
field study to examine the effect of treatment of parasite burden with ivermectin 
(removing the small stomach worm, Ostertagia) may provide information on the efficacy 
of treatment to boost calf production, survival and herd health. The decline in this 
population is so severe; all hunting including subsistence was halted. Without drastic 
measures, it appears this population may decline to unrecoverable levels. Understanding 
the role that this parasite plays in the health and survival of caribou may be key to 
mitigating the decline in conjunction with management of predation. 

The studies of trace mineral status and disease/parasites of Dall’s sheep and muskoxen 
are in preliminary stages. However, these studies will be important to determine if 
nutritional, infectious diseases or parasites are contributors to population declines or 
reproductive suppression. Depending on the responsible factors, management actions to 
supplement, treat or prevent spread of disease may be viable management tools for these 
populations. First and foremost, the significance of the effects of these factors on 
population health must be investigated. 

II. SUMMARY OF WORK COMPLETED ON JOBS IDENTIFIED IN ANNUAL PLAN 
THIS PERIOD 

JOB/ACTIVITY 1: Maintain the Chronic Wasting Disease Surveillance Program.  

I again successfully obtained funding from the USDA for the DWC work plan and 
surveillance activities. I supervised one full-time employee conducting the CWD 
program. 

During our FY08 (federal fiscal year 07) of our CWD surveillance program, we’ve tested 
tissues from hunter harvested animals as follows: 178 Sitka Black-tailed deer and 15 elk. 
In addition, we conducted targeted surveillance testing on 7 SBT deer, 4 moose and 10 
caribou. All have been negative for CWD by the gold standard test, 
immunohistochemistry of the obex, retropharyngeal lymph node and tonsil.  

I attended the CWD Symposium at the Wildlife Disease Association Meeting in Colorado 
in August. 

Federal funds were used to pay salaries, supplies and services on this task. 

JOB/ACTIVITY 2: Maintain the blood, serum and tissue banks.  
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Serum from 143 and blood from 96 samples were accessioned into the archive from 
mammals that are captured by ADFG personnel. Blood, serum or tissues as suitable were 
also collected at necropsy on 153 specimens presented for postmortem examination. 
Samples were accessed to outside investigators and graduate students, including the 
University of Alaska Fairbanks Museum, University of Tennessee, University of 
California – Davis, California Department of Fish and Game, who are working on 
collaborative projects with ADFG. One ultra cold freezer broke down and was un-
repairable so was replaced; samples were redistributed before thawing occurred.  

Federal funds were used to pay salaries, supplies and services on this task. 

JOB/ACTIVITY 3: Conduct disease and parasite surveillance and monitor changes in 
disease patterns.  

Tissues, parasites, or whole carcasses presented by the public, as well as incidental takes 
such as road-kill, capture mortalities of other investigators, and animals found dead were 
examined. Accessions exceeded 153 specimens. Gross diagnoses were assigned when 
possible and parasite identification or histopathological diagnoses were pursued on 
unusual cases or those with lesions of concern. Histopathological reports were received 
on 67 cases. A summary report on new parasite host, range, and identification was 
received from USDA collaborator Dr. Eric Hoberg and is attached [Appendix A]. A 
report on serologic patterns of respiratory viral complex was generated by Biometrician 
Dr. Camilla Lieske (whom I supervised during the period) and is attached [Appendix B]. 
Dr. Lieske also developed the Steller Sealion Health Assessment and drafted a 
publication ready for submission [Abstract 1]. Two publications of a new parasite species 
discoveries, one on a nematode in caribou and moose, the other on a protozoan in brown 
bears, were published [Appendix C and D], and a publication on a pathologic finding in 
caribou was accepted for publication [Abstract 2]. 

A base-line health assessment of the Western Arctic Caribou was conducted. Ten caribou 
were collected for in depth health and disease surveillance. A collaboration with UAF 
faculty (Dr. Todd O’Hara) and graduate students (Cassandra Kirk and Katrina Knott) on 
a morbillivirus outbreak in foxes resulted in an abstract [Abstract 3] submitted to an 
upcoming Sept 2008 presentation at an Ecohealth Forum in Anchorage.  

A collaboration with an MPVM student, Sebastian Carrasco, at the University of 
California Davis on bacterial flora patterns in Steller sea lions resulted in a thesis and 
draft manuscript [Abstract 4]. A collaboration with a vet student, Erica Stieve, at the 
University of Tennessee resulted in a manuscript on Toxoplasma and Neospora serologic 
patterns in moose, caribou, deer, wolves and coyotes which has been submitted and is in 
review for publication [Abstract 5]. A collaboration with a PhD student at the University 
of Florida, Shasta McClanahan, resulted in a dissertation, multiple meeting presentations 
and a manuscript accepted for publication [Abstracts 6, 14, 15, 16]. 

A collaboration with another MPVM student, Josephine Afema, at UC Davis resulted in a 
draft these on a epidemiologic investigation of the decline of the Eastern North Slope 
muskoxen population.  

Bison serum and feces were collected from the Farewell Bison herd for Johnes Disease 
and Brucella tested at the request of and conducted by the Alaska Department of 
Environmental Conservation Office of the State Veterinarian. Brain tissues from 3 foxes 

piharper
Sticky Note
Appendices can be accessed by viewing attachments
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and 4 wolves were submitted to the DHSS, Division of Epidemiology for rabies testing. 
One wolf and 1 fox were determined to be positive for rabies.  

Federal funds were used to pay salaries, supplies and services on this task. 

JOB/ACTIVITY 4: Monitor levels of environment contaminants in species of concern.  

A collaboration with UAF faculty, Dr. Todd O’Hara, has initiated a study of mercury 
contamination in Steller sea lions. Hair, blood, liver, kidney and bone were collected for 
metals analysis on Dall’s sheep, moose, muskoxen and caribou. A collaborative study on 
mercury in Steller sealions was published [Appendix E]. A former summer intern, 
Cristina Hansen, a veterinary student at the University of Illinois, completed a study on 
an enzyme in caribou blood that is affected by organochlorine pesticide exposure. She 
one the student research award from the American Board of Veterinary Toxicologists and 
submitted a manuscript for publication [Abstract 7]. 

Federal funds were used to pay salaries, supplies and diagnostic services on this task. 

JOB/ACTIVITY 5: Assess the nutritional trace mineral status of Dall sheep, moose and 
caribou.  

Blood, serum and tissues samples were collected and submitted for analysis at UAF and 
Wyoming State Veterinary Laboratory. A preliminary report on the caribou was drafted 
and a meeting with Region II collaborators was attended in Anchorage. Preliminary 
results on the Dall’s sheep were presented as a poster [Abstract #8] at the Wildlife 
Disease Association annual meeting which generated additional collaborations and 
suggestions for further research. A report on the Nelchina moose TM status was 
generated and submitted to Bruce Dale. Moose calves at the Moose Research Center 
suffered clinical TM deficiencies so additional samples from moose calves were collected 
and submitted for analysis in June and July 2008. These data have yet to be completed 
and need to be analyzed. The trace minerals studies were expanded to include muskoxen 
and data analyzed. Presentations of the results were given in Aug 2008 (not in the time 
scope of this report). 

Federal funds were used to pay salaries, supplies and services on this task. 

JOB/ACTIVITY 6: Review literature; prepare annual progress reports, a final report, and 
manuscripts for publication in refereed literature  

Progress reports were generated for Federal Aid and CWD Surveillance program as well 
as periodic reports on disease surveillance activities. Four manuscripts were published, 
two have been accepted for publication, three have been submitted and are in review, two 
additional have been drafted [Abstracts #9 and #10]: 

PUBLISHED Canadian Journal of Zoology. (2007) 85:1143-1156 [PDF Appendix C]: 
Serendipitous discovery of a novel protostrongylid (Nematoda: Metastrongyloidea) 
in caribou (Rangifer tarandus), muskoxen (Ovibos moschatus) and moose (Alces 
americanus) from high latitudes of North America based on DNA sequence 
comparisons. Authors: Kutz, S.J.,  I. Asmundsson, E. P. Hoberg, G.D. Appleyard, E.J. 
Jenkins, K. Beckmen, M.. Branigan, L. Butler, N.B. Chilton, D. Cooley, B. Elkin, F. 
Huby-Chilton, D. Johnson, A. Kuchboev, J. Nagy, M. Oakley, R. Popko, A. Scheer, M. 
Simard, A. Veitch. Abstract: Many protostrongylid nematode species produce dorsal 
spined larvae (DSL) that are shed in feces of wild ungulates. Definitive identification of 
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DSL is rarely possible through comparative morphology and often, fecal samples are the 
only feasible means to assess the distribution of these nematode parasites in wildlife. In 
the present study, molecular techniques were employed to differentiate among 
protostrongylid species using DNA from individual larvae obtained in geographically 
extensive surveys. Partial sequences from the second internal transcribed spacer region 
(ITS-2) of the nuclear ribosomal DNA were used to differentiate DSL recovered from 
feces of caribou (Rangifer tarandus tarandus, R. t. caribou, R. t. grantii (Linnaeus, 
1758)), muskoxen (Ovibos moschatus moschatus and O. m. wardi (Zimmerman, 1780)), 
and moose (Alces americanus gigas) in the North American Arctic and Subarctic. A 
previously uncharacterized and genetically distinct species was recognized based on the 
ITS-2 sequences of 37 DSL from 19 ungulate hosts across a range extending from Alaska 
to Labrador and 1 third stage larva from a slug (Deroceras laeve) collected in the 
Mackenzie Mountains, Northwest Territories. Sequence similarity among individuals of 
this putative species was 91-100%. For many individual DSL, paralogues of ITS-2 were 
detected. The ITS-2 sequences from this putative species were 72-77% similar to those of 
Varestrongylus alpenae, 58-61% similar to those of elaphostrongylines 
(Elaphostrongylus spp. and Parelaphostrongylus spp.), and 51-60% similar to those of 
other protostrongylids known in North American and some Eurasian ungulates. The 
sequence results indicate a discrete lineage of a currently undescribed protostrongylid, 
infecting muskoxen, caribou and moose across northern North America. Sympatric 
infections with P. andersoni were demonstrated in two caribou herds.  

 
PUBLISHED Acta Parasitologica, 2007, 52(4), 299–304 [PDF Appendix D]; Sarcocystis 
arctosi sp. nov. (Apicomplexa, Sarcocystidae) from the brown bear (Ursus arctos), 
and its genetic similarity to schizonts of Sarcocystis canis-like parasite associated 
with fatal hepatitis in polar bears (Ursus maritimus). Authors: J.P. Dubey, Benjamin 
M. Rosenthal1, Natarajan Sundar1, G.V. Velmurugan1 and Kimberlee B. Beckmen. 
Abstract: The tissues of herbivores are commonly infected with cysts of parasites 
belonging to the apicomplexan genus Sarcocystis, but such sarcocysts are rare in bears. 
Here, we describe a new species, Sarcocystis arctosi, based on the mature sarcocysts 
identified in two brown bears (Ursus arctos) from Alaska, USA. Microscopic sarcocysts 
(37.75 × 20.42 µm) had thin walls (<1 µm). The outer layer of the sarcocyst, the 
parasitophorous vacuolar membrane (pvm), was wavy in outline and had minute 
undulations that did not invaginate towards the sarcocyst interior; these undulations 
occurred at irregular intervals and measured up to 100 nm in length and up to 60 nm 
width. The ground substance layer beneath the pvm was smooth and lacked microtubules. 
Longitudinally cut bradyzoites measured 5.6.6.8 × 0.7.1.8 µm. A major portion of nuclear 
small subunit rDNA sequence obtained from these sarcocysts was similar to that 
previously obtained from the hepatic schizonts of a S. canis-like parasite from polar bears 
(Ursus maritimus). 
 
PUBLISHED Marine Pollution Bulletin (2008) 56:1416-1421 [PDF Appendix E]: Metal 
Tissue Levels in Steller Sea Lion (Eumetopias jubatus) Pups. Authors: Amie L. 
Holmes, Sandra S. Wise, Caroline E. C. Goertz, J. Lawrence Dunn, Frances M. D. 
Gulland, Tom Gelatt, Kimberlee B. Beckmen, Kathy Burek , Shannon Atkinson, Mary 
Bozza, Robert Taylor, Tongzhang Zheng, Yawei Zhang, AbouEl-Makarim Aboueissa, 
John Pierce Wise, Sr. Abstract: The endangered Western population of the Steller sea lion 
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declined for three decades for uncertain reasons. We present baseline data of metal 
concentrations in pups as a first step towards investigating the potential threat of 
developmental exposures to contaminants. Seven metals were investigated: arsenic, 
cadmium, silver, aluminum, mercury, lead and vanadium. Vanadium was detected in only 
a single blubber sample. Mercury appears to be the most toxicologically significant metal 
with concentrations in the liver well above the current action level for mercury in fish. 
The concentrations of aluminum, arsenic, silver, cadmium and lead were present in one-
fourth to two-thirds of all samples and were at either comparable or below concentrations 
previously reported. Neither gender nor region had a significant effect on metal burdens. 
Future work should consider metal concentrations in juveniles and adults and 
toxicological studies need to be performed to begin to assess the toxicity of these metals. 
 
DRAFTED for submission to ECOHEATLH: Health Assessment of Steller Sea Lions 
in Alaska, USA. Authors: Lieske, Camilla; Beckmen, Kimberlee; Burek, Kathy; Rea, 
Lorrie. Abstract #1: One hypothesis for the decline in the endangered western stock of 
Steller sea lions (Eumetopias jubatus) as compared to the threatened eastern stock is 
decreased pup survival rate. In conjunction with surveys for population dynamics, 
infectious disease prevalence and toxicologic exposure, methods for evaluating individual 
and population health are important evaluation tools. An objective, quantitative method 
of comparing individual and population health was developed as part of an 
epidemiological assessment of Steller sea lion health in Alaska, USA. Utilizing samples 
collected between 1998 and 2005, from sea lions aged one to 30 months, baseline ranges 
for hematology and blood chemistry parameters (hematocrit, white blood cell counts, 
total protein, albumin/globulin ratio, total bilirubin, BUN, creatinine, liver enzymes 
(ALT, AST, GGT), alkaline phosphatase, calcium, chloride, sodium, potassium, 
phosphorus, and glucose) were determined. These ranges were used to score different 
parameters, incorporating expected age differences and physiological associations (e.g. 
renal function score based on both BUN and creatinine). A total health score was 
calculated combining the blood parameters with physical examination findings. Overall, 
scores did not vary significantly (p>0.05) with age and sex, but scores did vary 
significantly by rookery, with a significant collection year/rookery interaction. No 
significant differences in pup or juvenile health was noted between the western and 
eastern stock. 
 
ACCEPTED Journal of Wildlife Diseases (2008): Dermoid Cysts in Caribou. Authors: 
Wobeser, G., T. Bollinger, A. Neimanis, K.B. Beckmen. Abstract #2:  Subcutaneous 
dermoid cysts were identified in eight wild caribou (Rangifer tarandus) from northern 
Canada and one wild caribou from Alaska. The dermoid cysts from Canadian caribou 
were found among 557 diagnostic specimens that had been detected by hunters and 
submitted by resource officers and biologists between 1 January 1966 and 15 May 2007. 
All of the cysts were located in the cervical region and five of nine were found in the 
throat area. Dermoid cysts were not diagnosed in any of 1108 white-tailed deer 
(Odocoileus virginianus), 293 mule deer (Odocoileus hemionus), 174 elk (Cervus 
elaphus) or 529 moose (Alces alces) examined during the same period at the Canadian 
laboratory.  
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Accepted for presentation at Ecohealth Forum in Anchorage Sep 2008. Serology and 
Genotyping of Morbillivirus for Arctic Fox and Polar Bears of Northern Alaska. 
Cassandra Knott, Kimberlee Beckmen, Todd O’Hara. Abstract #3. During the period of 
January through May of 2007, carcasses of twelve arctic fox (Alopex lagopus) were 
submitted from the north slope region to the Alaska Department of Fish and Game for 
necropsy evaluation. Foxes had been found dead or killed because of abnormal behavior 
or signs of illness and in vehicular collisions. -. Three of 12 animals tested positive for 
morbillivirus via RT-PCR and 2 of the 3 presented clinical signs and pathologic lesions 
consistent with canine distemper viral infection (details to be reported elsewhere). Two of 
six animals with brain samples suitable for testing were diagnosed with rabies; none 
tested to date were concurrently infected with morbillivirus. Phylogenetic analysis of a 
cloned 390 base pair fragment of the highly conserved phosphoprotein gene were 
performed for each of the three arctic fox cases whose sequences were determined to be 
identical. Alignment with sequences available from GenBank revealed that the arctic fox 
isolate differed from strains derived from two American dogs (Missouri, June through 
October of 2004) by only 1 nucleotide transition (G to A). The arctic fox sequence also 
displayed very high homology with five other sequences derived from Siberian seals 
(Phoca siberica) infected with CDV in Lake Baikal, Russia throughout 1988-1992 and 
also 1 sequence derived from an Alaskan dog during an outbreak which occurred among 
sled dogs in Kotzebue (Maes et al., 2003). The arctic fox isolate differed by only 2 
nucleotides (both transitions and transversions) from each of these sequences.  
Interestingly, of the seven confirmed CDV cases examined during the 2004 Missouri 
outbreak, the 2 strains demonstrating high homology with the arctic fox strain examined 
in this study were determined by authors (Pardo et al., 2005) to be genetically distinct 
from viruses previously detected within the continental Unites States and most closely 
related to a Siberian seal isolate. The dogs originated from a breeder within the state and 
had no history of recent travel. Furthermore, when surviving arctic fox (N=11, 
approximately 3 months post epidemic) were sampled the following summer, the cross-
reactivity profile of antibodies detected via differential serum neutralization was not 
typical for that of terrestrial CDV. Ninety point one (10/11) of foxes tested positive for 
phocine distemper virus (PDV), 72.7% (8/11) for dolphin morbillivirus (DMV), 54.6% 
(6/11) for CDV, and 36.4% (4/11) tested positive for porpoise morbillivirus (PMV). 
These results are in contrast to that found for polar bears (sampled 2005 through 2007 in 
the southern Beaufort Sea, N= 136) where prevalence rates were 24.3%, 4.4%, 50%, and 
4.4% for PDV, DMV, CDV, and PMV, respectively. In polar bears, the greatest number 
of animals neutralized CDV and each animal positive for any of the other three viral 
antibodies demonstrated a higher titer to CDV. Viral nucleic acid has not been 
successfully isolated from polar bears or any other Ursid species to date, however 
serology alone suggests that the virus circulating among polar bears is distinct from the 
virus which infected compatric arctic foxes on the north slope of Alaska in 2007. Until 
viral nucleic acid can be derived and examined from other carnivores on the north slope 
of Alaska (eg. ice seals, polar and brown bears), the epidemiology of morbillivirus(es) 
circulating among these populations will remain unclear.  
 
DRAFTED: Fecal and oral aerobic bacteria of Alaska Steller sea lions (Eumetopias 
jubatus). Sebastian E. Carrasco, Kathy Burek, Kimberlee Beckmen, Dr. Jonna Mazet. 
Abstract #4. Bacteriologic cultures from oral, rectal, and lesion samples collected from 
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free-ranging Steller sea lion (SSL, Eumetopias jubatus) pups and juveniles over 5 yr were 
examined retrospectively to determine the frequency of common and pathogenic aerobic 
bacteria isolated among eastern and western stocks of SSLs in Alaska. Associations 
between isolated aerobic bacteria and age, sex, body condition, location and sampling 
season were investigated. Salmonella spp. (n=49) were analyzed to determine spatial 
clustering and to identify serotypes (n=13) and antimicrobial susceptibility patterns 
(n=11). A total of 356 SSL pups (n = 272) and juveniles (n = 84) were sampled and 944 
isolates were identified representing 13 different bacterial genera. Pasteurella spp. 
(43.8%), Streptococcus spp. (30.6%), and Mannheimia spp. (18.2%) were the most 
commonly isolated oral bacteria whereas Escherichia coli (74.1 %), Salmonella spp. 
(12.3 %), and Campylobacter spp. (9.0 %) were the most frequently isolated bacteria 
from the rectum. Juveniles were more likely to test positive to Campylobacer spp. and E. 
coli eaeA gene. Pups from eastern stocks were more likely to test positive to 
Campylobacter and juveniles from eastern stocks were more likely to harbor the E coli 
eaeA gene. Salmonella was commonly associated with Pups from western stocks and 
samples collected during fall/winter seasons. A statistically significant cluster was 
detected at Perry Island haulout where 29 of the 49 rectal Salmonella isolates were noted. 
Five serotypes were isolated: Enteritidis, Infantis, Newport, Reading, and Stanley and 
some isolates were highly susceptible to ampicillin, ceftiofur, and enrofloxacin. These 
findings provide an unprecedented opportunity to identify rectal and oral aerobic 
microbial flora and to obtain baseline data about the antimicrobial susceptibility of 
Salmonella spp. Further molecular characterization of Salmonella isolates may provide 
valuable information on the epidemiology of this pathogen in SSLs. 
 
SUBMITTED Journal of Wildlife Diseases: Neospora caninum and Toxoplasma gondii 
seroprevalence in wildlife of Alaska. Authors: Erica Stieve, Kimberlee Beckmen, 
Steve Kania, and Sharon Patton. Abstract #5: Caribou populations in some regions of 
Alaska have suffered declining numbers. Many of these herds are utilized by subsistence 
hunters and are managed by the state as a valuable resource. Prevalence of diseases that 
may impact herd health and recruitment from year to year are relevant to management 
decisions aimed to protect the long-term viability of these herds. Neospora caninum and 
Toxoplasma gondii are two apicomplexan parasites that can cause neurologic disease and 
abortions in their intermediate hosts and less frequently cause disease in their definitive 
hosts. The definitive hosts of N. caninum and T. gondii are canids and felids, 
respectively, and prevalence in the environment is dependent on maintenance of the life 
cycle of each host. Serum samples from caribou (Rangifer tarandus, N=453), wolf (Canis 
lupus, N=269), moose (Alces alces, N=201), black-tailed deer (Odocoileus hemionus, 
N=55), coyote (Canis latrans, N=12), and fox (Vulpes vulpes, N=9) collected in Alaska 
were screened and titered for N. caninum and T. gondii with an immunofluorescent 
antibody (IFAT) assay and a modified agglutination test (MAT), respectively. 
Seroprevalence of N. caninum and T. gondii were 16.7 % and 0.0 % in coyotes and 0.0% 
and 12.5 % in fox, but low sample size prevented further analysis. Seroprevalence of N. 
caninum was greater in caribou (11.5%) than in wolves (5.6%) or moose (0.5%). 
Seroprevalence of T. gondii was greater in wolves (13.6%) than in caribou (0.4%), moose 
(0%), or black-tailed deer (0%). Difference in moose and caribou may reflect a difference 
in the primary mode of transmission. Antibodies to N. caninum in young caribou 
compared to adult caribou suggest that vertical transmission may be an important 
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component of new infections in Alaskan caribou.  The spatial distribution of seropositive 
individuals across Alaska reflects differences in frequency of definitive hosts and 
possible shifting of prey items from region to region.  
 
ACCEPTED for publication in Virus Research: Genomic characterization of novel 
marine vesiviruses from Steller sea lions (Eumetopias jubatus) from Alaska. Authors:  
McClenahan, Shasta D.; Kathy A. Burek; Kimberlee B. Beckmen; Nick J. Knowles; 

John D. Neill, and Carlos H. Romero. Abstract #6: Marine vesiviruses were isolated in 
cell culture from oral and rectal swabs and vesicular fluid from Alaskan Steller sea lions 
(SSL; Eumetopias jubatus). Further characterization by RT-PCR, complete genomic 
sequencing, and phylogenetic analyses indicated that these viruses are most closely 
related to the marine vesiviruses, but are distinct viruses and represent two novel 
genotypes. The complete genome of these two SSL isolates was sequenced after cloning 
their viral cDNA. The genomes were found to be 8302 and 8305 nucleotides in length, 
organized in three open reading frames and contained 5’ and 3’ untranslated regions 
(UTR) of 19 and 180 nucleotides, respectively. The complete genomes of both SSL 
viruses were most closely related to each other and shared 83.0 % nucleotide identity. 
Using the very limited number of complete genomic vesivirus sequences available in the 
NCBI database, these novel SSL vesiviruses seem most closely related to vesicular 
exanthema of swine virus-A48 and least related to rabbit vesivirus and walrus calicivirus. 
Specific antiserum against some evolutionary closer marine vesiviruses did not neutralize 
these isolates supporting the novel nature of these SSL viruses.  
 
SUBMITTED: Effect of Field Anesthesia and Cold Storage on Blood Cholinesterase 
Activity in Alaskan Caribou (Rangifer tarandus granti). Authors: Cristina M. Hansen, 
Petra A. Volmer, Kimberlee B. Beckmen. Abstract #7: Objective – to determine normal 
whole blood cholinesterase activity in caribou (Rangifer tarandus), and to determine the 
effects of injectable anesthetics (carfentanil and xylazine vs. xylazine) and freezing on 
blood cholinesterase activity. Summary: Sample Population – 129 wild Alaskan caribou 
and 9 captive caribou housed in Alaska.  

Procedures - 158 whole blood samples from 6 herds of wild caribou and a small group of 
captive animals were utilized. Cholinesterase was analyzed using a modification of the 
Ellman colorimetric method. Enzyme activities were statistically analyzed using sedative, 
storage, sex, and age as variables.  

Results - Whole blood cholinesterase activities ranged from 1.05 – 3.68 µmol/ml/min. 
There was a statistically significant increase in cholinesterase activity in animals that 
were sedated with a combination of carfentanil and xylazine compared to those that were 
not sedated, or who were sedated with xylazine alone. Frozen samples had a significantly 
lower cholinesterase activity than fresh samples. Calves had a significantly lower activity 
than yearlings and adults. There was no statistical difference between the activity of 
males and females.  

Conclusions – The use of field anesthetics for the collection of blood, and the freezing of 
blood for storage, effect blood cholinesterase activity. Although changes in cholinesterase 
activities in this study have statistical significance, the clinical significance is considered 
to be minor.  
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DRAFTED AND READY FOR SUBMISSION to Marine Pollution Bulletin in FY09: 
Organochlorine contaminant concentrations in multiple tissue matrices of live 
Steller sea lions (Eumetopias jubatus) in Alaska. Authors: Beckmen, K.B., K.A. 
Burek, K. W. Pitcher, G. M. Ylitalo, and B.S. Fadely. Abstract #9: Blood, blubber, milk, 
and feces were collected from 53 free-ranging and 3 captive Steller sea lions (Eumetopias 
jubatus) in Alaska over 6 years (1998-2003) to assess exposure of selected 
organochlorine (OC) contaminants (e.g., dioxin-like PCBs, DDTs) in these animals. The 
relationships of various OC contaminants in multiple matrices from individuals were 
examined to determine the appropriate matrix for exposure monitoring in live animals 
and to minimize invasive sampling techniques. Concentrations of certain OC 
contaminants in blubber, milk and blood were highly correlated within individuals; 
however fecal concentrations were only correlated with those measured in blood. These 
findings indicate that a whole blood sample may be the best alternative as a less-invasive 
indicator of relative contaminant exposure in lieu of surgical blubber biopsy. Feces may 
be used as a non-invasive monitoring tool of relative OC exposure without direct 
handling of animals for sample collection. 
 
DRAFTED AND READY FOR SUBMISSION To Emerging Infectious Diseases: 
Infection and mortality in wild and domestic birds due to Escherichia albertii: 
description of avian strains of an emerging pathogen. Authors: J. Lindsay Oaks, 
Thomas E. Besser, Kimberlee B. Beckmen, Kathy A. Burek, Gary H. Haldorson, Dan S. 
Bradway, Fred R. Rurangirwa, Margaret A. Davis, Greg Dobbin, Pierre-Yves Daoust, 
and Thomas S. Whittam. Abstract #10: A mortality event affecting common redpolls 
(Carduelis flammea) in Alaska led to the identification of Escherichia albertii as the 
probable cause. Subsequent investigation associated E. albertii with enteritis in other 
birds, including a falcon, a chicken, and detection in clinically normal finches. In 
addition, isolates from finch mortality events in Scotland previously identified as 
Escherichia coli O86:K61 were shown to be E. albertii. E. albertii is a recently described 
member of the Enterobacteriaceae associated with diarrheal illness in humans, but has 
not been previously associated with disease or infection in animals. Similar to the human 
isolates, the avian E. albertii isolates contained genes for eae (intimin) and cdt (cytolethal 
distending toxin), but lacked the genes for stx (Shiga toxins). Comparison of eae and cdt 
sequences, multilocus sequence typing, and pulsed field gel electrophoresis showed that 
the avian E. albertii strains are heterogeneous and distinct from human E. albertii 
isolates.  
 
I attended several major international meetings, conferences, or symposia to present 
research findings and received continuing education credits required to retain veterinary 
licensure in Alaska. In chronological order these meeting included: 
2007. 56nd Annual Wildlife Disease Association Conference and CWD Symposium  
Presenter and continuing education recipient, Aug 11-18, 2007, Estes Park, CO 
[Abstracts #8, #10, #11] 
 
2007. XVI Biennial Conference of Marine Mammals, presenter, and attendee of pre-
conference workshop on Conservation Medicine, Nov 27-Dec 5 2007, Cape Town, South 
Africa [Abstracts #12 &#13] 
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2008. Canadian National Wildlife Disease Surveillance Workshop. Feb 20-22, Calgary 
Alberta, Canada 
 
Abstracts for presentations/posters and co-authored presentations/posters are below. I 
kept abreast of current research in wildlife disease through the literature. 
 
Poster Presentation WDA 2007. Investigation of trace mineral deficiencies in an 
Alaskan Dall’s sheep population. Kimberlee Beckmen, Jim Herriges, Jim Lawler, 
Mark Bertram. Abstract #9. A  
Kimberlee Beckmen1, Jim Herriges2, Jim Lawler3, Mark Bertram4 
1Alaska Department of Fish & Game, Division of Wildlife Conservation, Fairbanks AK, 
USA; 2Bureau of Land Management, Fairbanks AK, USA; 3Gates of the Arctic National 
Park and Preserve, National Park Service, Fairbanks AK, USA; 4Yukon Flats National 
Wildlife Refuge, US Fish and Wildlife Service, Fairbanks AK, USA 
 
 Abstract #8: A study of trace mineral status in Dall Sheep (Ovis dalli dalli) from the 
White Mountains of Alaska was undertaken to discover if the occurrence of ‘stump 
headed” horn abnormalities was related to a deficiencies of minerals. Two spinal 
fracture/capture myopathy deaths occurred in vitamin E and selenium deficient adult 
females occurred and 3-week post-capture mortality rates were significantly higher than 
in other regions of Alaska (11.2% vs. 2.7%). The two spinal fractured sheep had 
osteoporosis and osteopenia, however serum and liver calcium levels were not correlated 
with horn abnormalities or fractures in captured sheep. Serum, blood and hair samples 
from 48 sheep were analyzed for trace minerals. White Mountains (WM) sheep samples 
had marginal levels of selenium and were significantly lower than sheep from Lake Clark 
National Park (LK). Copper concentrations in WM sheep hair samples were marginal to 
deficient. However, in serum, LC sheep had significantly lower mean copper 
concentrations than WM. Compared to domestic sheep, 80% of LC and 31% of WM 
sheep were copper deficient. Mean serum zinc from WM sheep was significantly lower 
than LK sheep and 81% vs. 57%, respectively, were marginal or deficient compared to 
domestic sheep. Hair was also marginal to deficient in zinc compared to domestic sheep. 
The addition of vitamin E/selenium injections at capture, intranasal xylazine injections 
and conducting net-gun capture operations mainly in the fall, significantly reduced 
capture mortality rate and decreased the incidence of capture myopathy. The proximate 
cause of horn abnormalities remains to be elucidated. 
 
Poster Presentation WDA 2007. Effects of Capture Method on Blood Parameters in 
Caribou: Evaluation of Physical and Chemical Immobilization Techniques. Authors: 
Kimberlee Beckmen, Jennifer Schmidt, Mark Keech, and Bruce Dale. Abstract #10. 
The adverse effects of capture stress and potential for mortalities are a concern when 
capturing cervids. In this study we evaluated the effects of different capture protocols, 2 
physical and 2 chemical, on various blood parameters related to capture stress.  The 
physical capture methods were net-gunning from a helicopter (n=16) and hand-capture 
with manual restraint from boats during a river crossing (n=20). Chemical combinations 
evaluated were carfentanil/xylazine (n=54) and ketamine/medetomidine (n=9). Drugs 
were administered via helicopter darting. Blood parameters used to quantify stress and 
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risk of capture myopathy included lactate and creatinine phosphate (CPK). Use of a hand-
held lactate monitor was validated for field use in caribou with a significant correlation to 
laboratory serum lactate (p>0.0001). Mean serum CPK concentrations were significantly 
higher in hand-captured caribou than in chemically-immobilized caribou. Caribou darted 
with a ketamine/medetomidine had the lowest mean CPK and lactate concentrations but 
only the latter was significantly different from other capture methods. Increased lactate 
was significantly correlated with increasing chase time (r=0.46, p<0.0001). Mean lactate 
levels in physically captured caribou were nearly three times that of chemically 
immobilized caribou. These data indicate that physical capture methods appear to be 
more ‘stressful’ for caribou than helicopter darting and thus may pose a higher risk for 
capture myopathy. Furthermore, the drug combination of ketamine/medetomidine 
appears to at least as safe as carfentanil/xylazine and eliminates the need for the 
controlled narcotic. Body condition, season, and reproductive state also need to be 
considering how and when to capture caribou. 
 
Oral Presentation WDA 2007: Managing the adverse impacts of the biting dog louse 
on wolves in Alaska. Authors: Kimberlee Beckmen, Craig Gardner, Mark May. 
Abstract #11: The biting dog louse (Trichodectes canis) was first identified in Alaska on 
a coyote (Canis latrans) and wolves (C. lupus) on the Kenai Peninsula during the winter 
of 1981–82. Wildlife managers attempted to eliminate it by administrating ivermectin 
injections during live-capture and with ivermectin-treated baits. This effort was 
unsuccessful because of the difficulty in treating all exposed individuals. In 1998, 
trappers reported wolves and coyotes with lice in south-central. Treatment attempts were 
similarly unsuccessful. When lice were detected in wolves north of the Alaska Range in 
March 2004, a cost-effective means of management rather than eradication of lice 
infestation was sought. In spring 2005 all members of an infected pack were radio-
collared and treated. After emergence from the den, pups were treated at two week 
intervals with ivermectin-impregnated baits dropped from a Supercub. In December, pups 
were live-captured, ear-tagged assessed for lice, and released. Pelts from marked wolves 
obtained from trappers were subjected to hide digestion to detect occult infestations. The 
pack was determined to be louse-free. During 2005-06, 1-2 wolves in each of 11 packs 
were examined and radio-collared. Ivermectin-baits were distributed at the dens and 
rendezvous sites of 5 infected packs during May-August. During the winter, 1-3 wolves 
were examined from each of 8 radio-collared packs. None of the wolves from treated 
packs had lice or hair loss suggestive of lice. Preliminary results suggest that distribution 
of ivermectin-impregnated baits is efficacious in production normal pelt quality wolves 
during the trapping season.  
 
Poster Presentation MMC 2007. Organochlorine, pesticides and polybrominated 
diphenyl ether contaminant concentrations in multiple tissue matrices of live Steller 
sea lions (Eumetopias jubatus) in Alaska. Authors: Beckmen, Kimberlee B.; Burek, 
Kathleen A; Pitcher, Kenneth W.; Ylitalo, Gina M.; Fadely, Brian. Abstract #12. Blood, 
blubber, milk, and feces were collected from 53 free-ranging and 3 captive Steller sea 
lions (Eumetopias jubatus) in Alaska from 1998-2003 to assess exposure to selected 
organochlorine (OC) contaminants (e.g., dioxin-like PCBs, DDTs). Organochlorine 
contaminant relationships among multiple matrices of individuals were used to determine 
the appropriate tissue for exposure monitoring in live animals and thus minimize invasive 
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sampling techniques. Concentrations of certain OC contaminants in blubber, milk and 
blood were highly correlated within individuals; however fecal concentrations were only 
correlated with those measured in blood. Thus a blood sample may be the best alternative 
as a less-invasive indicator of relative contaminant exposure in lieu of surgical blubber 
biopsy while feces may be used as a non-invasive monitoring tool of relative OC 
exposure without direct handling of animals. Regional OC contaminant exposure was 
compared in  blubber samples of pups through sub-adults of the stable eastern stock in 
Southeast Alaska (n=48) as compared to the endangered western stock of the Gulf of 
Alaska (n=55) and Aleutian Islands (n=43). Pesticides and polybrominated diphenyl 
ethers were detected in 25 and 15 animals respectively, including 4 individuals that were 
sampled at 5 month intervals. Transplacental transfer of OCs was extremely low. 
Concentrations of OCs peaked in pups sampled between 2 - 6 weeks of age, declined by 
midway through the suckling period, and increased again through the first year of the 
presumed dependent suckling period though the weaning period. These data suggests that 
exposure to OCs is at a level of concern especially in young pups in portions of the range 
of the endangered western stock of Steller sea lions. 
 
Poster Presentation MMC 2007. Health Assessment of Steller Sea Lions in Alaska, 
USA. Authors: Lieske, Camilla; Beckmen, Kimberlee; Burek, Kathy. Abstract #13. 
One hypothesis for the decline in the endangered western stock of Steller sea lions 
(Eumetopias jubatus) as compared to the threatened eastern stock is decreased pup 
survival rate. In conjunction with surveys for population dynamics, infectious disease 
prevalence and toxicologic exposure, methods for evaluating individual and population 
health are important evaluation tools. An objective, quantitative method of comparing 
individual and population health was developed as part of an epidemiological assessment 
of Steller sea lion health in Alaska, USA. Utilizing samples collected between 1998 and 
2005, from sea lions aged one to 30 months, “normal” ranges for hematology and blood 
chemistry parameters (hematocrit, white blood cell counts, total protein, albumin/globulin 
ratio, total bilirubin, BUN, creatinine, liver enzymes (ALT, AST, GGT), alkaline 
phosphatase, calcium, chloride, sodium, potassium, phosphorus, CO2 and glucose) were 
determined. These ranges were used to score different parameters, incorporating expected 
age differences and physiological associations (e.g. renal function score based on both 
BUN and creatinine). A total health score was calculated combining the blood parameters 
with physical examination findings. Overall, scores did not vary significantly (p>0.05) 
with age and sex, but scores did vary significantly by rookery, with a significant 
collection year/rookery interaction. No significant difference in pup and juvenile health 
was noted between the western and eastern stock. 
 
Presentations by Collaborators:  
National Institutes of Health Graduate Student Research Festival, October 10-12, 2007. 
Poster Presentation: Detection and Molecular Characterization of Marine 
Caliciviruses.  
Shasta D. McClenahan1, Kathy A. Burek2, Kimberlee B. Beckmen3, John D. Neill4, Alvin 
W. Smith5, and Carlos H. Romero1 
1 University of Florida; 2 Alaska Veterinary Pathology Services; 3 Alaska Department of 
Fish and Game; 4 USDA-National Animal Disease Center, 5 Oregon State University  
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Abstract #14: The Caliciviridae family is a diverse group of viruses that infect a wide 
variety of hosts including humans and many animal species. Viruses in the Vesivirus 
genus, unlike the human caliciviruses, can be grown in cell culture and are therefore 
important surrogates for studying calicivirus biology. Vesiviruses are also economically 
important due to the vesicular disease produced in livestock, and zoonotic potential. The 
purpose of this research project was to molecularly characterize novel isolates of marine 
vesiviruses and develop new diagnostic techniques for the detection of these viruses.  

Two novel marine vesiviruses were isolated from sea lions in Alaska. Electron 
microscopy, RT-PCR, and sequencing confirmed the isolates to be members of the 
Vesivirus genus. The full genomes were sequenced for both isolates after PCR 
amplification and cloning using primer sets designed targeting conserved regions of 
vesivirus sequences from the GenBank database. Phylogenetic trees were constructed 
using Genetic software to determine genetic relatedness with other members of the 
Caliciviridae.  

A diagnostic, real-time RT-PCR assay was developed for the detection of marine 
vesiviruses, targeting a conserved region within the capsid gene. This assay was found to 
be specific for only the marine vesiviruses, as it amplified ten marine vesiviruses, but 
failed to amplify feline calicivirus, a closely related vesivirus. The assay described here 
can be used as a diagnostic tool to rapidly identify and differentiate marine vesiviruses 
from other viruses that cause vesicular diseases in livestock, and zoonotic disease in 
humans. 

 
Third International Calicivirus Conference, November 10-13, 2007, Cancun, Mexico. 
Poster Presentation: Marine Vesiviruses: Detection and Characterization of Novel 
Genotypes 
Shasta D. McClenahan1, Kathy A. Burek2, Kimberlee B. Beckmen3, John D. Neill4, and 
Carlos H. Romero1 
1 University of Florida, Gainesville, FL 32610, USA 
2 Alaska Veterinary Pathology Services, Eagle River, AK 99577, USA 
3 Alaska Department of Fish and Game, Fairbanks, AK 99701, USA 
4 National Animal Disease Center, USDA, Ames, Iowa 50010, USA 
 
Abstract #15: The Vesiviruses are a diverse group of animal viruses that are 
economically important due to their impacts of vesicular disease in livestock, and their 
zoonotic potential. More than 40 serotypes of vesiviruses from the marine environment 
have been described, including San Miguel sea lion virus (SMSV) and vesicular 
exanthema of swine virus (VESV). Historically these viruses have caused vesicular 
disease and reproductive failures in both aquatic and terrestrial hosts. The goal for this 
project was to isolate and characterize vesiviruses from marine mammals to determine if 
novel genotypes are emerging, and their association, if any, with disease.  
Population declines of Steller sea lions (SSL) have lead to the search for microbial agents 
that may be responsible, including caliciviruses. Samples were collected for virus 
isolation including oral and rectal swabs, vesicular fluids, tissues, feces, and serum from 
SSL in Alaska from 2001-2005. Nine vesiviruses were isolated in cell culture, visualized 
by electron microscopy, and verified to be members of the Vesivirus genus following 
RT-PCR and direct sequencing of a 768-bp RT-PCR product from the capsid gene. 
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Sequence analysis revealed two novel genotypes, and the complete genomic sequences 
from both viruses were obtained for characterization. 

Serological surveys were conducted by virus neutralization in order to determine the 
spread of these novel genotypes within the SSL populations. Sera collected from SSL 
indicate that new genotypes are temporally emerging in populations and replace older 
viruses. This is most likely due to the increased fitness of the new virus, and lack of 
neutralizing antibodies to the new genotype. 

These new vesiviruses are being used to develop improved diagnostic assays for the 
detection of marine vesiviruses. These assays include a real-time RT-PCR assay for the 
rapid and sensitive detection of any of the marine vesiviruses, and serological assays 
using virus-like particles (VLP) expressed from the capsid gene. 
 
 
American Society for Virology 26th Annual Meeting, July 14-18, 2007, Corvallis, 
Oregon. Oral Presentation : DEVELOPMENT OF A REAL-TIME RT-PCR ASSAY 
FOR THE DETECTION OF MARINE CALICIVIRUSES 
 
McClenahan, Shasta D.1; Neill, John D.2; Burek, Kathy A.3; Beckmen, Kimberlee B.4; 

and Romero, Carlos H.1  
(1) University of Florida, College of Veterinary Medicine, Gainesville, FL 32610, USA 
(2) National Animal Disease Center, USDA, Agricultural Research Service, Ames, Iowa 
50010 
(3) Alaska Veterinary Pathology Services, Eagle River, AK 99577, USA 
(4 )Alaska Department of Fish and Game, Division of Wildlife Conservation, Fairbanks, 
AK 99701, USA 
 
Abstract #16: More than forty different marine calicivirus serotypes (family 
Caliciviridae, genus Vesivirus) have been identified from marine and terrestrial hosts 
since their initial isolation. Marine vesiviruses have previously infected swine along the 
Western coast of the United States and induced maladies clinically indistinguishable from 
foot-and-mouth disease and other vesicular swine diseases. Current methods for 
identification of marine vesiviruses include RT-PCR and serological assays. These assays 
may fail to identify all positive clinical samples, due to the high mutation rate of these 
RNA viruses and the resulting large number of serotypes and genotypes. We have 
developed a rapid and differential diagnostic real-time RT-PCR assay to identify marine 
vesiviruses. Primers were designed to amplify a conserved 176 nucleotide fragment of 
the capsid gene, based on multiple alignments of Vesivirus sequences obtained from the 
GeneBank database and two novel marine vesiviruses recently identified in our 
laboratory. An oligonucleotide probe, sixteen bases in length, was designed based on 
sequences within the amplicon and labeled at one end with a reporter fluorescent dye and 
at the other end with a fluorescence quencher. The probe includes locked nucleic acid 
(LNA) nucleotides to increase the melting temperature and stability of the probe in the 
assay. This assay accurately identified ten different marine vesiviruses grown in cell 
culture. These viruses included:  San Miguel sea lion virus (SMSV) type 1, SMSV-2, 
SMSV-4, SMSV-5, SMSV-6, SMSV-13, SMSV-14, bovine calicivirus (Bos-1), and two 
novel Steller sea lion vesiviruses. The assay was shown to be specific for only marine 
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vesiviruses, as it did not cross-react with three isolates of feline calicivirus (FCV), a 
different species within the Vesivirus genus. The assay described here can be used as a 
diagnostic tool to rapidly identify and differentiate marine vesiviruses from other viruses 
that cause vesicular diseases. 

Federal funds were used to pay salaries, supplies and services on this task. 
 
JOB/ACTIVITY 7: Perform the duties of Attending Veterinarian. 

I trained, assisted and conducted wildlife capture operations including Western Arctic 
Caribou Sept 10-15, 2007; North Slope muskoxen 103-4, 2007; Steller sea lions in Prince 
William Sound Nov 11-19, 2007 and 42-17, 2008, Seward Peninsula muskoxen March 
23-30, 2008. I oversaw the anesthesia and Taser research trials at the Moose Research 
Center to ensure compliance with humane treatment. I purchased, prescribed and 
dispensed animal capture drugs to DWC personal. I attended Avian Influenza Response 
Training in Anchorage and I conducted Avian Influenza Preparedness training for 
Biologists. I gave advice and information to the public and DWC employees related to 
wildlife health and zoonotic diseases via personal contact in the office, on the phone and 
through the media. I served as chair or the DWC Animal Care and Use Committee 
(ACUC) as well as the attending veterinarian for the committee to assure Division 
compliance with the Animal Welfare Act. I conducted a veterinary review of 20 
Assurances of Animal Care Protocols submitted to the DWC ACUC prior to committee 
review. I conducted IACUC Facility inspections of the Moose Research Center, the 
Moose/caribou research herd held at the UAF Ag facility in Palmer, and the Wood Bison 
enclosures at the Alaska Wildlife Conservation Center near Portage. I attended and taught 
at the IACUC Advanced Workshop in Anchorage Sept 4-5, 2007. 
I continued to maintain a strong, mutually beneficial relationship as a liaison between 
ADF&G and the Department of Health and Human Services/Division of Epidemiology 
and the Division of Environmental Conservation/Office of the State Veterinarian. 

Federal funds were used to pay salaries, supplies and services on this task. 

III. ADDITIONAL FEDERAL AID-FUNDED WORK NOT DESCRIBED ABOVE 
THAT WAS ACCOMPLISHED ON THIS PROJECT DURING THE LAST 
SEGMENT PERIOD, IF NOT REPORTED PREVIOUSLY 

Not applicable 
 

IV. PUBLICATIONS  
[see Appendix C]: Canadian Journal of Zoology. (2007) 85:1143-1156. Serendipitous 
discovery of a novel protostrongylid (Nematoda: Metastrongyloidea) in caribou 
(Rangifer tarandus), muskoxen (Ovibos moschatus) and moose (Alces americanus) 
from high latitudes of North America based on DNA sequence comparisons. 
Authors: Kutz, SJ.,  I. Asmundsson, E. P. Hoberg, G. D. Appleyard, E. J. Jenkins, K. 
Beckmen, M.. Branigan, L. Butler, N. B. Chilton, D. Cooley, B. Elkin, F. Huby-Chilton, 
D. Johnson, A. Kuchboev, J. Nagy, M. Oakley, R. Popko, A. Scheer, M. Simard, A. 
Veitch.  

[see Appendix D] Acta Parasitologica, 2007, 52(4), 299–304. Sarcocystis arctosi sp. nov. 
(Apicomplexa, Sarcocystidae) from the brown bear (Ursus arctos), and its genetic 
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similarity to schizonts of Sarcocystis canis-like parasite associated with fatal 
hepatitis in polar bears (Ursus maritimus). Authors: J.P. Dubey, Benjamin M. 
Rosenthal1, Natarajan Sundar1, G.V. Velmurugan1 and Kimberlee B. Beckmen. 

[see Appendix E]: Marine Pollution Bulletin (2008) 56:1416-1421. Metal Tissue Levels 
in Steller Sea Lion (Eumetopias jubatus) Pups. Authors: Amie L. Holmes, Sandra S. 
Wise, Caroline E. C. Goertz, J. Lawrence Dunn, Frances M. D. Gulland, Tom Gelatt, 
Kimberlee B. Beckmen, Kathy Burek , Shannon Atkinson, Mary Bozza, Robert Taylor, 
Tongzhang Zheng, Yawei Zhang, AbouEl-Makarim Aboueissa, John Pierce Wise, Sr. 

V. RESEARCH EVALUATION AND RECOMMENDATIONS Briefly evaluate your 
approach to this study. Would you make changes? If so, list recommended changes to 
this study or related studies; suggest new research techniques and possible new areas 
of research related to this project that could enhance game management. Note: this is 
not a Federal Aid reporting requirement.(optional)  
Disease surveillance and veterinary activities have steadily increased in scope and 
intensity over the course of this performance period. This is an important trend that 
should be continued. However, for this to occur, enhanced staffing levels and funding 
must coincide. Federal funding of CWD surveillance is decreasing and it is no longer 
sufficient to maintain adequate surveillance of free-ranging cervids in Alaska. Likewise, 
funding for West Nile Virus surveillance is no longer available for Alaska. These 
deficiencies will need to be mitigated by other funding sources including Federal Aid. 
Additional field and captive studies testing the effects of diseases and parasites on 
wildlife health are needed to understand the role of these factors on populations so they 
can be manipulated as needed for management purposes. 

 
VI. APPENDIX 

Attached. 
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Summary and Observations on Parasites in Alaskan Ungulates.  
 
Submitted by:   Eric P. Hoberg, US National Parasite Collection,  


USDA, Beltsville, Maryland.   
Email- Eric.Hoberg@ars.usda.gov 


 
Significance of Pathogens and Environmental Perturbation 
Climate change and associated ecological perturbations are modifying the structure of 
terrestrial, aquatic and marine systems across high latitudes of the north and globally 
(Brooks and Hoberg, 2007). Patterns of distribution, timing of migrations, and seasonally 
defined windows that determine the life histories for a diverse assemblage of vertebrates 
and invertebrates are under dynamic change.  Although we recognize and predict direct 
and indirect impacts to terrestrial, aquatic and marine systems, pathogens and disease 
have seldom been considered in the “equations” for environmental change (Kutz et al., 
2004). Pathogens including macroparasites (worms and arthropods, and arthropod 
vectors) and microparasites (prions, viruses, bacteria and protozoans) are critical 
components of these ecosystems serving as determinants of mortality and disease, the 
dynamics for host populations, and a range of interactions from competition to predation. 
Across the north, pathogens are important to humans as zoonotic organisms 
(transmissible from animals to humans often through consumption of wild food 
resources) and as agents of disease in populations of wild fish, birds, or mammals that 
are the foundations for subsistence food-chains (Kutz et al., 2004; Hoberg et al., 2008a).  
 
Climate and environmental change are accelerating in northern ecosystems. These 
perturbations (particularly patterns of temperature and humidity) have a direct influence 
on the occurrence of pathogens and the potential for emergence of diseases in humans 
and in animals critical to subsistence food chains (Hoberg et al., 2008a). Cumulative 
(long term) processes and extreme (short term) events influence the occurrence of 
pathogens.  Long term processes such as incremental increases in global temperature 
can drive the changing dynamics between hosts and pathogens (generation times, 
developmental rates and thresholds, amplification, seasonal windows for transmission) 
and create a background for cascading effects within ecosystems (Kutz et al., 2004; 
2005; Jenkins et al., 2006). In contrast, extreme weather events can result in the 
explosive emergence of disease leading to mortality and morbidity at regional and local 
scales. Concurrently, rapidly changing patterns of geographic distribution for many 
vertebrate species will create new opportunities for exposure of currently naïve host-
populations to an array of pathogens (Brooks and Hoberg, 2007).  Interacting with 
overall habitat change and other biotic and abiotic factors, disease can have an 
influence on the availability of food resources on which northern communities are 
dependant. 
 
There is urgent need to incorporate pathogens into policy and management plans and 
emphasize that disease-related issues be on the agenda for wildlife biologists and local 
communities. Pathogens can be incorporated into policy and management plans through 
an integration of field-based survey, development of baselines linked with archival data 
resources to assess change, and aspects of local community knowledge (Hoberg et al., 
2003; Kutz et al., 2004, 2007).  Further, an evidence-based process is necessary to 
demonstrate a clear link between climate change and emergence of pathogens and 
disease (Hoberg et al., 2008a). 
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Surveys for Parasites in Alaskan Ungulates 
Parasitological materials from Alaskan ungulates have been submitted to the US 
National Parasite Collection from the ADF&G over the past 5 years (2004-2008).  
Specimens of adult parasites have primarily represented opportunistic collections of 
evident specimens found in animals dead in the field (gastrointestinal nematodes in 
Rangifer tarandus granti; dictyocaulid lungworms in Odocoileus heminous sitkensis and 
R. t. granti; spirurid peritoneal worms in Alces alces and R. t. granti; tissue nematodes in 
R. t granti); a limited number of specimens in caribou were derived from scientific 
collections. Diagnostics on protostrongylid lungworms and muscleworms in Alces, alces, 
Ovis dalli, Odocoileus hemionus sitkensis, and Rangifer tarandus granti were based on 
molecular analyses of larval parasites extracted from feces collected from strategic field 
collections designed to explore the distribution of parasites in ungulates.   Results from 
all of these collections represent small sample sizes and generally cannot be quantified, 
as such these represent an index for the occurrence of a limited spectrum of helminth 
parasites. Establishment of comprehensive baselines for macroparasites (helminths and 
arthropods) and microparasites (prions, viruses, bacteria, protozoans) in these ungulate 
populations would require strategic sampling applying standardized protocols for 
collection (Hoberg et al., 2003, 2008a; Kutz et al., 2004).  Results of identifications, 
including new host or geographic records, are outlined in Table 1.  
 
Significance of Parasitic Infection 
A comprehensive understanding of parasite diversity among Alaskan ungulates is 
lacking and few synoptic surveys or baselines exist. The most detailed and significant 
collections were those documenting the distribution of helminths in Ovis dalli conducted 
in the 1970’s (Nielsen and Neiland, 1974), but similar records for patterns of occurrence, 
prevalence of infection and intensity for parasites in moose, caribou, bison or mountain 
goats either do not exist or have not been published.  Prior research on Alaskan Dall’s 
sheep, along with large collections from the Mackenzie Mountains during the same time 
frame, represent the strongest comparative baselines for assessing the impact of 
environmental change on the distribution of parasites and emergence of diseases 
(Hoberg, 2003; Kutz et al., 2004).   
 
Of significance for ungulate populations at high latitudes: (1) Among lungworms 
(Protostrongylus spp, Umingmakstrongylus) and muscleworms (Parelaphostrongylus 
spp.) altered patterns for dynamics of transmission and range expansion are directly 
linked to increasing temperature (Kutz, et al., 2004, 2005; Jenkins et al., 2006; Hoberg et 
al., 2008). For example transmission for the pathogenic lungworm U. pallikuukensis in 
muskoxen  reached a tipping point in the 1990’s when warming in the Canadian Arctic 
led to a shift from a 2-year to single year cycle.  (2) Among lungworms and other 
parasites, a seasonal shift with earlier thaw and later freeze, extended growth periods 
and heightened variation in extremes for humidity and temperature are associated with 
changing developmental rates, and amplification of parasite populations and emergence 
of disease (Hoberg, 2008b). (3) Incremental or long term trends in warming are also 
predicted to release the constraints that currently limit the distributions for some 
pathogens in ungulates (e.g., Jenkins et al., 2006). (4) Among peritoneal and 
tissueworms, Setaria and Onchocerca, increasing abundance of biting flies in response 
to warming conditions can drive explosive outbreaks of disease and mortality in reindeer 
linked to events of high temperature and humidity (Laaksonen et al., 2007).  
 
 







Parasites are documented to have direct and indirect impacts on populations of wild 
hosts including ungulates (e.g., Hoberg et al., 2008 a, 2008b). Concurrently, patterns of 
accelerated environmental change linked to warming or other anthropogenic factors can 
influence the distribution and impact of parasites. Parasites can interact with an array of 
factors including weather events, contaminants and human disturbance (Kutz et al., 
2004) suggesting that baselines for distribution and abundance of pathogens (and a 
capacity to predict and monitor changes in abundance) can contribute directly to 
understanding health and sustainability of ungulate populations.  
 







References: 
 
Brooks, D.R., and E.P. Hoberg. 2007. How will global climate change affect parasite-
host assemblages? Trends in Parasitology 23: 571-574. 
 
Hoberg E.P. Kutz, S.J., Galbreath, K., and Cook, J. 2003. Arctic biodiversity: from 
discovery to faunal baselines – revealing the history of a dynamic ecosystem. Journal of 
Parasitology 89: S884-S95. 
 
Hoberg, E.P., Polley, L.R., Jenkins, E.J., Kutz, S.J., Veitch, A.M., and B.T. Elkin. 2008a.  
Integrated approaches and empirical models for investigation of parasitic diseases in 
northern wildlife. Emerging Infectious Diseases 14: 10-17. 
 
Hoberg, E.P., Polley, L.R., Jenkins, E.J., and S.J. Kutz. 2008b. Pathogens of domestic 
and free-ranging ungulates: Global climate change in temperate to boreal latitudes 
across North America.  Revue Scientifique et Technique Office International des 
Épizooties. In press. 
 
Jenkins, E.J., Appleyard, G., Hoberg, E.P., Rosenthal, B.M., Kutz, S.J., et al. 2005. 
Geographic distribution of the muscle-dwelling nematode Parelaphostrongylus odocoilei 
in North America using molecular identification of first stage larvae. Journal of 
Parasitology 91: 574-584. 
 
Jenkins, E.J., Veitch A.M., Kutz, S.J., Hoberg E.P., and L. Polley. 2006. Climate change 
and the epidemiology of protostrongylid nematodes in northern ecosystems: 
Parelaphostrongylus odocoilei and Protostrongylus stilesi in Dall’s sheep (Ovis d. dalli). 
Parasitology 132: 387-401. 
 
Kutz, S.J., Asmundsson, I., Hoberg, EP, et al. 2007. Serendipitous discovery of a novel 
protostrongylid (nematode: Metastrongyloidea) in caribou, muskoxen and moose from 
high latitudes of North America based on DNA sequence comparisons. Canadian 
Journal of Zoology 85: 1143-1156. 
 
Kutz, S.J., Hoberg, E.P., Nagy, J., Polley, L., and B. Elkin. 2004. “Emerging: parasitic 
infections in Arctic ungulates. Integrative and Comparative Biology 44: 109-119.  
 
Kutz, S.J., Hoberg, E.P., Polley, L., and E.J. Jenkins. 2005. Global warming is changing 
the dynamics of Arctic host-parasite systems. Proceedings of the Royal Society, London 
B. 272: 2571-2576. 
 
Laaksonen, S., Kuusela J., Nikander, S., Nylund, M., and A. Oksanen. 2005. Outbreak 
of parasitic peritonitis in reindeer in Finland. Veterinary Record  160: 835-841. 
 
Nielsen C., and K.A. Nieland. 1974. Sheep Disease Report, Volume XIV Project 
Progress Report, Federal Aid in Wildlife Restoration. Alaska Department of Fish and 
Game, Juneau. 104 p. 







Table 1. Parasites in Alaskan Ungulates- Summary of Species Diversity, Host 
Occurrence and Geographic Localities Based on Collections between 2004 and 
2008.  Represented are opportunistic collections, unless specified otherwise 
(hosts infected/examined).  New geographic or host records are indicated (*) 
______________________________________________________________________ 
   Parasite   Localities (# hosts) 
 
Alces alces 
 
Lungworms, Tissue Nematodes- 
 
   Dictyocaulus eckerti Palmer 
 
   Setaria yehi  Delta Junction, Fairbanks, Kenai Peninsula,  


North Pole 
 


   Onchocerca cervipedis Tok 
 
   Protostrongylidae Gen. Lake Clark * 
 
Odocoileus hemionus 
 
Lungworms- 
 
   Dictyocaulus eckerti Kodiak Is., Admiralty Is.* 
 
   Parelaphostronylus 


odocoilei Cleveland Peninsula*, Mitkoff Is.*, Revillagigedo Is.* 
Wrangell Is. *  


 
Oreamnos americana 
 
Lungworms- 
 
   Protostrongylus rushi Mt. Juneau* 
 
Ovis dalli 
 
Lungworms & Muscleworms- 
 
   Parelaphostrongylus 


odocoilei  Alaska Range*; Chugach Mtns.*; Lake Clark (11/13)*;   
Wrangell- St. Elias Mtns.* 


 
   Protostrongylus stilesi Alaska Range; Brooks Range; Lake Clark (10/13)*;  


White Mountains (8/8; 30/30)*;  
Yukon Charley (13/13)* 


 
Gastrointestinal Nematodes- 
 
   Skrjabinema ovis  Alaska Range 
 
   Trichuris schumakovitschi Alaska Range 
 
 
 
 
 
 
 
 







(Tbl. 1 Cont.) 
 
Rangifer tarandus granti 
 
Lungworms & Muscleworms- 
 


Dictyocaulus eckerti Cinder River, Kenai (captive animals), Kobuk River, 
North Alaska Peninsula 


 
Parelaphostrongylus 


andersoni Chisana*, North Alaska Peninsula (7/15)*; 
Mulchatna*, Porcupine* 


 
   Protostrongylidae Gen. North Alaska Peninsula*, Porcupine* 
 
Tissueworms 
 
   Onchocerca cervipedis --------- 
 
Gastrointestinal Nematodes- 
 


Ostertagia gruehneri North Alaska Peninsula, Southern Alaska Peninsula, 
Mulchatna 


 
   Teladorsagia  


cf. boreoarcticus North Alaska Peninsula*, 
Southern Alaska Peninsula*, Mulchatna* 


 
 
Protostrongylidae Gen. represents a new genus and species of lungworm recently discovered in North 
American ungulates (Kutz et al., 2007). 
 
 





































































































Serendipitous discovery of a novel protostrongylid
(Nematoda: Metastrongyloidea) in caribou,
muskoxen, and moose from high latitudes of North
America based on DNA sequence comparisons


Susan J. Kutz, Ingrid Asmundsson, Eric P. Hoberg, Greg D. Appleyard,
Emily J. Jenkins, Kimberlee Beckmen, Marsha Branigan, Lem Butler,
Neil B. Chilton, Dorothy Cooley, Brett Elkin, Florence Huby-Chilton,
Deborah Johnson, Abdurakhim Kuchboev, John Nagy, Michelle Oakley,
Lydden Polley, Richard Popko, Aedes Scheer, Manon Simard, and
Alasdair Veitch


Abstract: Fecal samples are often the only feasible means to assess diversity of parasites in wildlife; however, definitive
identification of egg or larval stages in feces by morphology is rarely possible. We determined partial sequences from the
second internal transcribed spacer region (ITS-2) of nuclear ribosomal DNA for first-stage, dorsal-spined larvae (DSL) in
feces from caribou (Rangifer tarandus tarandus (L., 1758), Rangifer tarandus caribou (Gmelin, 1788), Rangifer tarandus
grantii (Allen, 1902)), muskoxen (Ovibos moschatus moschatus (Zimmermann, 1780), Ovibos moschatus wardi Lydekker,
1900), moose (Alces alces gigas Miller, 1899 and Alces alces andersoni Peterson, 1952), and from the tissue of one slug
(Deroceras laeve (Müller, 1774)) in Arctic–Subarctic North America. A previously uncharacterized, genetically distinct
species was recognized based on sequences of 37 DSL from 19 ungulate hosts and the slug. Sequence similarity among in-
dividuals of this novel species was 91%–100%. For many individual DSL, paralogues of ITS-2 were detected. ITS-2 se-
quences from the novel species were 72%–77% similar to those of Varestrongylus alpenae (Dikmans, 1935) and 51%–
61% similar to those of other protostrongylids known in North American and some Eurasian ungulates. Results indicate a
discrete lineage of an undescribed protostrongylid infecting muskoxen, caribou, and moose from Alaska to Labrador. Sym-
patric infections with Parelaphostrongylus andersoni Prestwood, 1972 were found in three caribou herds.
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Résumé : L’échantillonnage des fèces est souvent la seule méthode praticable pour évaluer la diversité des parasites de la
faune sauvage; il est, cependant, rarement possible d’identifier de façon sûre les oeufs et les stades larvaires d’après leur
morphologie. Nous avons déterminé des séquences partielles de la seconde région de l’espaceur interne transcrit (ITS-2)
de l’ADN nucléaire ribosomique des larves à épines dorsales (DSL) de premier stade dans les fèces de caribous (Rangifer
tarandus tarandus (L., 1758), Rangifer tarandus caribou (Gmelin, 1788) et Rangifer tarandus grantii (Allen, 1902)), de
boeufs musqués (Ovibos moschatus moschatus (Zimmermann, 1780) et Ovibos moschatus wardi Lydekker, 1900) et d’or-
ignaux (Alces alces gigas Miller, 1899 et Alces alces andersoni Peterson, 1952), ainsi que dans les tissus d’une limace
(Deroceras laeve (Müller, 1744)) provenant de l’Amérique du Nord Arctique et Subarctique. Nous avons découvert une es-
pèce distincte non encore caractérisée génétiquement d’après les séquences de 37 DSL provenant de 19 hôtes ongulés et
de la limace. La similarité des séquences parmi les individus de cette nouvelle espèce est de 91%–100%. Chez plusieurs
DSL individuelles, on trouve des paralogues d’ITS-2. Les séquences d’ITS-2 de la nouvelle espèce ont une similarité de
72%–77% avec celles de Varestrongylus alpenae (Dikmans, 1935) et de 51%–61% avec celles des autres protostrongylidés
connus chez les ongulés d’Amérique du Nord et chez certains ongulés d’Eurasie. Nos résultats indiquent donc l’existence
d’une lignée séparée d’un protostrongylidé inédit qui infecte les boeufs musqués, les caribous et les orignaux de l’Alaska
au Labrador. Il y a des infections sympatriques de cette espèce et de Parelaphostrongylus andersoni Prestwood, 1972 dans
trois troupeaux de caribous.


[Traduit par la Rédaction]


______________________________________________________________________________________


Introduction
Protostrongylid nematodes are important and often patho-


genic parasites of ungulates (Kutz et al. 1999; Lankester
2001; Jenkins et al. 2005b). These parasites have indirect
life cycles, requiring gastropod intermediate hosts for devel-
opment. First-stage larvae among species of the genera Par-
elaphostrongylus Boev and Schulz 1950, Elaphostrongylus
Cameron 1931, Umingmakstrongylus Hoberg, Polley Gunn
and Nishi 1995, Cystocaulus Schulz, Orlov and Kutass
1933, Varestrongylus Bhalerao 1932, and Muellerius Ca-
meron 1927 are morphologically similar, bearing a dorsal
spine on the tail (Boev 1975; Kontrimavichus et al. 1976).
In some cases, genera can be differentiated based on total
length of larvae (Gray et al. 1985) or subtle differences in
tail morphology (S.J. Kutz, unpublished data for Umingmak-
strongylus pallikuukensis Hoberg, Polley, Gunn and Nishi
1995). However, substantial variation in tail structure among
conspecifics of Parelaphostrongylus has been documented
(e.g., Hoberg et al. 2005). Consequently, definitive identifi-
cation of species typically has been based on recovery of
adult parasites or application of molecular techniques and
DNA sequencing to identify larvae. The latter requires vali-
dation by comparisons with sequences from adult parasites
that have been identified based on morphology (Jenkins et
al. 2005a; Huby-Chilton et al. 2006). Sequence data of the
ITS-2 are currently available for all seven species of proto-
strongylids in North America known to produce dorsal-
spined larvae (DSL) (Jenkins et al. 2005a) (Table 1).


Host and geographic ranges for protostrongylids, includ-
ing elaphostrongylines, muellerines, and protostrongylines at
high latitudes of North America, remain poorly described
(Hoberg et al. 1995; Kutz et al. 2001b; Lankester 2001).
With the exception of the island of Newfoundland, where
Elaphostrongylus rangiferi Mitskevich, 1960 is thought to
have been introduced along with reindeer (Rangifer taran-
dus tarandus (L., 1758)) from the Old World, DSL in either
woodland (Rangifer tarandus caribou (Gmelin, 1788)) or
barrenground (Rangifer tarandus groenlandicus (Borowski,
1780) and Rangifer tarandus grantii (Allen, 1902)) caribou
native to North America have been assumed to be Parela-


phostrongylus andersoni Prestwood, 1972 or Parelaphos-
trongylus odocoilei (Hobmaier and Hobmaier, 1934) (e.g.,
Lankester 2001). In the Canadian north, the elaphostrongy-
lines P. andersoni and P. odocoilei have been confirmed
previously in woodland caribou and P. andersoni in barren-
ground caribou by postmortem recovery and morphological
examination of adult nematodes (Lankester and Hauta
1989) or by molecular analyses of larvae (Jenkins et al.
2005a; Chilton et al. 2005, Huby-Chilton et al. 2006). Un-
identified DSL were found previously in woodland caribou
from the Mealy Mountains, Labrador (Lankester and Hauta
1989), from northeastern Alberta (Gray and Samuel 1986),
and from Manitoba and Ontario (Lankester et al. 1976). Un-
til the present study, DSL identified in muskoxen (Ovibos
moschatus moschatus (Zimmermann, 1780)) from North
America were attributed to U. pallikuukensis, and there
were no records of DSL in Ovibos moschatus wardi Lydek-
ker, 1900. The few anecdotal reports of DSL in moose
(Alces alces gigas Miller, 1899) from Alaska had not been
confirmed (E.P. Hoberg, unpublished observations).


The aim of the current study was to better define the bio-
diversity, host range, and geographic distribution for species
of Protostrongylidae among ungulates in the Nearctic. The
ITS-2 was sequenced for DSL recovered from fecal samples
in muskoxen, caribou, and moose across an extensive region
from Labrador, through Quebec, Manitoba, Nunavut, and the
Northwest Territories, Canada, into Alaska, USA. The re-
sults have demonstrated the widespread occurrence of a pre-
viously unknown species of Protostrongylidae.


Materials and methods


Parasite recovery
Fecal samples were collected by northern collaborators


from muskoxen (O. m. moschatus and O. m. wardi), barren-
ground caribou, woodland caribou, and moose (Tables 2 and
3, Fig. 1). Fecal samples were collected from the ground
or from captured animals and were kept frozen until ex-
amination. DSL were isolated from fecal samples using a
modified beaker Baermann technique; (Forrester and
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Lankester 1997; Jenkins et al. 2005a) (Tables 2 and 3).
Larvae were either immediately processed for molecular
analyses or frozen at –80 8C in tap water. Materials from
muskoxen in Quebec were preserved in 70% ethanol and
refrigerated prior to molecular analyses. Data for numbers
of DSL sequenced and their distribution among host spe-
cies and geographic localities are summarized in Table 2.
Data for the distribution of additional unsequenced DSL in
caribou, muskoxen, and moose are summarized in Table 3.


A total of 165 potential slug intermediate hosts (Dero-
ceras laeve (Müller, 1774)) were examined for the presence
of protostrongylid larvae by digestion using pepsin–HCl
(Hoberg et al. 1995) (Table 2). Larvae recovered from di-
gests were refrigerated at 4 8C in water prior to further anal-
yses.


DNA extraction and amplification
Individual larvae from respective samples were transferred


by micropipette to single tubes prior to extraction of DNA.
Successful transfer was confirmed by microscopic examina-
tion at high power under a binocular dissecting scope. Ge-
nomic DNA (gDNA) was extracted from individual larvae
either by using a DNeasy Tissue Kit (Qiagen) or by heating
to 90 8C for 10 min in 10 mL of water and cooling on ice for
25 min. Extraction buffer (20 mL, composed of 0.5 mg/ml of
proteinase K, 10� PCR buffer, and 2.5% 2-mercaptoethanol)
was added and the mixture was incubated at 65 8C for 2 h,
followed by heating to 90 8C for 10 min. A PCR modification
from Gajadhar et al. (2000) was performed using the pri-
mers NC1 (5’-ACGTCTGGTTCAGGGTTGTT-3’) and NC2
(5’-TTAGTTTCTTTTCCTCCGCT-3’). Each 50 mL PCR


reaction contained 34 mL of water, 5 mL of 10� PCR buf-
fer, 4 mL of 25 mmol MgCl2, 0.5 mL of 25 mmol dNTPs,
2 mL (40 pmol) of each primer, 0.25 mL of Taq DNA pol-
ymerase, and 2 mL of sample DNA overlaid with one drop
of mineral oil. The amplification conditions used were an
initial 3 min denaturation at 94 8C, followed by 35 cycles
of 94 8C for 60 s, 60 8C for 60 s, and 72 8C for 60 s. A
final extension phase of 72 8C for 10 min was followed by
cooling to 4 8C. Reagent-only (i.e., no gDNA) reactions
were used as negative controls to detect potential contami-
nation.


PCR products were sequenced directly using NC1 and
NC2 primers or cloned using the Topo TA cloning kit (Invi-
trogen) and sequenced in both directions using M13 forward
and reverse primers. Twelve colonies each were sequenced
from cloned PCR products of two individual first larval
stages (L1s) from moose (Alaska) and mountain woodland
caribou (Northwest Territories). Fluorescent sequencing re-
actions incorporated BigDye Terminator v.3.1 (Applied Bio-
systems) and were analysed on a 3730xl capillary sequencer
(Applied Biosystems).


Sequence analysis
Sequences from DSL were edited using Sequencher 4.6


(Gene Codes) or Seqman and Megalign (DNA Star) and
aligned with those from representative protostrongylids us-
ing Vector NTI Advance 9 AlignX (Invitrogen). Taxa in-
cluded species of all genera of protostrongylids occurring in
North America and additional species from the Palearctic
that produce DSL (Table 1). Sequences at the ITS-2 locus
were compared with the following eight genera and 13 spe-


Table 1. Sources of Protostrongylidae used for comparisons of sequences of the second internal transcribed spacer region (ITS-2).


Species Host Geographic locality GenBanka Vouchersb


Muelleriinae
Cystocaulus ocreatusc Ovis aries Ferghana Valley, Uzbekistan EU018481 95144, 97531
Umingmakstrongylus pallikuukensis Ovibos moschatus Nunavut, Canada AY648409 94884
Muellerius capillarisd Ovis aries Ontario, Canada AY679527 94888, 94889


Elaphostrongylinae
Elaphostrongylus alcese Alces alces Sweden AF504034 NAf


Elaphostrongylus cervie Cervus elaphus New Zealand AF504026 NAf


Elaphostrongylus rangiferic Rangifer tarandus tarandus Pallasjärvi, Finland EU018482 94877–94879
Elaphostrongylus rangiferie Rangifer tarandus caribou Newfoundland, Canada AF504033 NAf


Parelaphostrongylus andersonid Rangifer tarandus groenlandicus Northwest Territories, Canada AY504030 94890
Parelaphostrongylus odocoileid Ovis dalli dalli Northwest Territories, Canada AY504031 94329–94334
Parelaphostrongylus tenuise Odocoileus virginianus Minnesota, USA AF504029 NAf


Protostrongylinae
Protostrongylus rufescensc Ovis aries Namanghan region, Uzbekistan EU018485 97527
Protostrongylus stilesic Ovis dalli dalli Northwest Territories, Canada EU018484 96821, 96822


Neostrongylinae
Orthostrongylus macrotisc Odocoileus hemionus Saskatchewan, Canada EU018483 96786, 96787


Varestrongylinae
Varestrongylus alpenaed Odocoileus virginianus Manitoba, Canada AY648407 94204


aGenBank accession numbers for ITS-2 sequences from individual first larval stage (L1) or adults of representative species.
bVoucher specimens with definitive identifications and accession numbers archived in the US National Parasite Collection.
cSequence information reported here for the first time.
dSequence previously in GenBank as reported by Jenkins et al. (2005a).
eSequence previously in GenBank as reported by Gajadhar et al. (2000).
fSequences not accompanied by physical voucher specimens held in museum archival collections at time of original report.
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Table 2. Collection data for dorsal-spined larvae sequenced from caribou, muskoxen, and moose across the northern Nearctic.


Map
reference Host species


Place name
or herd ID


Coordinates
(decimal degrees) Date


% prevalence
(n)


L1
(host)


Novel
sp.


Parelaphostron-
gylus andersoni


GenBank
accession No. Collector(s)


Caribou
1a Rangifer tarandus


grantii
North Alaska


Peninsula
57.60517, –156.51867;


59.63842, –157.36818
Aug. 2005 –


June 2006
78 (36) 43 (9) 3 40 EU018478 L. Butler


1b R. t. grantii Mulchatna 59.38.305, 157.22.091 June 2006 60 (5) 3 (1) 0 3 B. Dale
2 R. t. grantii Chisana 61.65167, –140.84528 May 2003 29 (24) 1 (1) 0 1 M. Oakley
3 R. t. grantii Porcupine 66.5, –136.7 Feb. 2003 47 (17) 4 (4) 1 3 EU018474 A. Scheer
4 R. t. groenlandicus Cape Bathurst 69.033936, 133.761606 Nov. 2002 61 (44) 4 (4) 2 2 EU018472,


EU018476
J. Nagy


5 R. t. caribou Tsiigehtchic 67.09378, 132.911501 Mar. 2003 35 (17) 1 (1) 0 1 J. Nagy
6 R. t. groenlandicus Bluenose West June 2003 15 (26) 1 (1) 0 1 J. Nagy
7 R. t. groenlandicus Bluenose East 65.02842, –123.47882 Mar. 2002 35 (20) 2 (1) 1 0 EU018467,


EU018475
B. Olson


8 R. t. caribou Godlin Lakes, N.T. 63.8, –128.76667 Mar. 2001 20 (10) 1 (1) 2 0 EU018473 A. Zimmer
9 R. t. groenlandicus Beverly 61.98333, –102.46667 Apr. 2000 35 (25) 11 (1) 8 3 EU018461 B. Elkin
10 R. t. caribou Mealy Mountains,


Labrador
53, –60 Nov. 2002 –


Apr. 2006
32 (25) 100 (5) 3 97 EU018463,


EU018466
R. Otto


Muskox
11 Ovibos moschatus


wardi
Aklavik, N.T. 68.5274, –136.26615 Jan. 2000 40 (5) 2 (2) 2 0 EU018469,


EU018477
M. Branigan


12 O. m. wardi Firth River, Yukon 69.3, –139.49806 July 2000 100 (9) 2 (2) 2 0 EU018470,
EU018471


D. Cooley,
M. Kienzler


13 O. m. moschatus Thelon, Nunavut 62.43, –109.1 Mar. 2003 50 (2) 1 (1) 1 0 EU018480 D. Johnson,
B. Elkin


14 O. m. wardi Nunavik, Quebec 58.65, –68.95 Dec. 2005 100 (5) 3 (3) 3 0 EU018464,
EU018465,
EU018479


M. Simard,
S. Kutz


Moose
15 Alces alces gigas Tlikakila River, Lake


Clark, Alaska
60.45133, –153.7955 Apr. 2004 16 (6) 10 (1) 10 0 EU018468 M. Szepanski


Slug
16 Deroceras laeve Palmer Lake, N.T. 64.28, –129.37 July 2003 1 (165) 2 (2) 1 0 EU018462 E. Jenkins
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cies: Parelaphostrongylus tenuis (Dougherty, 1945), P. odo-
coilei, P. andersoni, Elaphostrongylus alces Steen, Chabaud
and Rehbinder 1989, E. rangiferi, Elaphostrongylus cervi
Cameron, 1931, Cystocaulus ocreatus (Railliet et Henry
1908), U. pallikuukensis, Muellerius capillaris (Mueller,
1889), Varestrongylus alpenae (Dikmans, 1935), Protostron-
gylus rufescens (Leuckart, 1865), Protostrongylus stilesi
Dikmans, 1931, and Orthostrongylus macrotis (Dikmans,
1931). Sequences of the ITS-2 for C. ocreatus, P. rufescens,
and O. macrotis are reported here for the first time.


Sequence alignments were edited by eye in GeneDoc
v. 2.6.002 (Nicholas and Nicholas 1997). A statistics report
for this alignment, showing calculations for exact matches
and aligned with gaps as a percent value, was generated us-
ing GeneDoc. The relationship of these novel sequences to
those from other protostrongylids was inferred using
PAUP* v. 4.0b10 (Swofford 2002) to construct a neigh-
bour-joining tree based on both uncorrected (P) and HKY85
distances. The best fit model of DNA substitution was deter-
mined by Modeltest3.7 (Posada and Crandall 1998).


Morphological comparisons
Based on sequence data, muskoxen from Nunavik and


Aklavik had monospecific infections with the undescribed
species, and therefore, representative DSL from these hosts
were used to describe meristic and morphological character-
istics (Table 4, Fig. 2). Specimens were examined using
high magnification light microscopy and differential inter-
ference contrast. Standard measurements were derived from
examination of 10 specimens preserved in ethanol from Nu-
navik and 20 specimens that were heat-killed in water from
Aklavik. Meristic data were then compared for DSL repre-
senting species known to occur in North American ungulates
(Boev 1975; Kontrimavichus et al. 1976; Lankester 2001).


Results


Prevalence of DSL in fecal samples from ungulates
DSL were common in mainland caribou and muskoxen in


a range extending from Alaska to Labrador and were present
in one moose from Alaska (Tables 2 and 3). The range of
prevalence for DSL was 15%–78% (barrenground caribou),
0%–90% (woodland caribou), and 50%–100% (mainland
muskoxen). No DSL were found in muskoxen (n = 72) or
caribou (n = 141) on Banks or Victoria islands or from
moose (41) in Canada.


Sequence comparisons
91 DSL were sequenced from 36 ungulate hosts, and two


third-stage larvae were sequenced from two slugs. Based on
direct comparisons of the ITS-2 sequence from individual
larvae, a novel species of protostrongylid was identified
based on 37 sequences in 19 of the ungulate hosts (six bar-
renground caribou, four mountain woodland caribou, eight
muskoxen, and one moose) (Table 2). Parelaphostrongylus
andersoni was also identified in caribou, but no other proto-
strongylids were found in muskoxen or moose.


Twelve individual colonies from cloned PCR products of
the novel larvae from one woodland caribou and one moose
were sequenced, revealing multiple sequence types of ITS-2
present in single DSL. These appear to represent two majorT
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sequence types (Table 5), and some nucleotide variation
within each group may be a result of the cloning process.
Owing to the high level of similarity between these two
groups, the exclusion of sequences representing either of
these groups does not affect determination of relative simi-
larity based on pairwise comparisons between the unknown
and other protostrongylids (Table 6).


The alignment of 38 novel sequences (37 from L1s in un-
gulates; one from an L3 in a slug) and those for eight genera
and 13 species of protostrongylids consists of 459 nucleoti-
des including gaps; individual sequences range from 304–
401 bases. A reconstruction of the relationship of the novel
sequences to the other protostrongylids using the criterion of
minimum evolution and the neighbour-joining algorithm is
shown in Fig. 3; the reconstruction shown includes single
sequences for each host at each locality for a total of 20.
DNA distances employed, HYK85 plus gamma (shape =
1.1459) rates for variable sites, were selected as the model
that closest fitted the data as defined by ModelTest using
the hierarchical likelihood ratio tests. This relationship was
independent of the type of DNA distances used to construct


the tree. Relationships demonstrate reciprocal monophyly
(sister groups) with respect to the putative novel species
and V. alpenae.


Pairwise comparisons among the 38 novel sequences
showed a mean of 96%; 91%–100% of residues are an exact
match across the entire alignment, less than 2% of the resi-
dues aligned with gaps. The mean pairwise comparison
among the novel sequences and V. alpenae, the most similar
of the protostrongylids, is 75% (72%–77%) exact match,
with 12% (10%–13%) aligning with gaps. Similarity to 12
other protostrongylids, including any of the elaphostrongy-
lines, was minimal, with ranges between 51%–62% for an
exact match and 16%–26% of residues aligned with gaps
(Table 6).


In addition to the novel species, sequences of DSL in bar-
renground (n = 54 DSL in 17 hosts) and woodland caribou
(n = 1 DSL in 1 host) matched that of P. andersoni. Both P.
andersoni and the novel species were found in the Porcu-
pine, Cape Bathurst, Beverly, North Alaska Peninsula, and
Mealy Mountain herds; concurrent infections in individual
caribou were demonstrated in the Beverly herd, the Mealy


Fig. 1. Map of Alaska and Canada indicating the sampling sites for larvae that were sequenced. Numbers correspond to identification num-
bers in Table 2.
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Table 4. Morphometrics (range (mm) with mean in parentheses) of first-stage larvae (L1) of the putative novel Protostrongylidae in muskoxen from Nunavik, Quebec, and Aklavik,
Northwest Territories, with comparisons to species with dorsal-spined larvae occurring in North America (excluding Elaphostrongylus rangiferi).


Protostrongyli-
dae (Nunavik)a


Protostrongylidae
(Northwest Territories)b


Muellerius
capillarisc


Parelaphostrongy-
lus andersonid


Parelaphostrongylus
odocoileie


Parelaphostrongylus
tenuisf


Umingmakstrongylus
pallikuukensisg


Varestrongylus
alpenaeh


Body length 281–374 (329) 348–400 (377) 250–320 308–382 (351) 334–428 (387) 310–380 (348) 396–435 (411) 310–380
Body widthi 16–23 (19.5) 17–20 (18) 12–15 17–18 (17) 15–20 (18) 16–19 (18) 18–24 (22) 15–17
Nerve ringj — 78–107 (97) — 66–109 (94) 89–117 (104) 80–112 (94) 91–120 (108) 85–93
Excretory porej 71–105 (84.5) 92–107 (102) 75–90 66–109 (94) 92–117 (105) 80–112 (94) 103–115 (109) 85–93
Esophagus lengthj 88–155 (128) 151–180 (168) 120–160 163–183 (175) 160–206 (181) 132–181 (165) 189–212 (199) 155–180


% body lengthj 28–46 (38) 43–46 (45) 48–50 41–54 (50) 44–50 (47) 43–48 46–51 47–50
Esophagus width 8–11.5 (10) 9–15 (12) — — — — 12–16 (14) —
Genital primordiumj 173–224 (206) 218–273 (244) — 216–249 (234) 219–285 (256) 210–246 (224) 257–280 (269) 195–242


% body lengthj 62–64 (63) 61–68 (65) — 60–70 (66) 64–73 (66) 65–67 — 63–64
Tail length (from anus) 31–42 (35) 32–41 (38) 30–40 27–36 (32) 33–46 (39) 29–41 (32) 38–50 (45) —
Tail extension (entire)k 8–11 (9) 6–12 (9) — — 9–10 — 11–16 (14) —
Tail spike (tip)l 1.6–3.0 (2) — — — 2–3 — 2.5–5 (3.5) —
Dorsal spine length 1.6–3.0 (2) — — — 2–3 — 2–3 (3) —


aMeasurements of unknown L1 in muskoxen from Nunavik, Quebec; determined from 10 specimens, preserved in 70% ethanol, at 1600 � magnification in differential interference contrast.
bMeasurements of unknown L1 in muskoxen from Aklavik, Northwest Territories; determined from 20 specimens, heat-killed in water, at 400 � magnification.
cIn domestic sheep (Boev 1975).
dIn white-tailed deer from southeastern North America (Prestwood 1972).
eIn Dall’s sheep from the Mackenzie Mountains, Northwest Territories (Kutz et al. 2001b); measurements were based on typical L1 (see Hoberg et al. 2005).
fIn white-tailed deer (Anderson 1963).
gIn muskoxen from the Central Canadian Arctic (Hoberg et al. 1995).
hIn white-tailed deer from New York, USA (data from Cheatum 1948, cited in Boev 1975).
iDetermined at base of esophagus.
jMeasured from cephalic extremity.
kMeasured from constriction in tail (anterior tail fold or basal joint) at level of dorsal spine, posteriad to caudal extremity.
lMeasured from distal tail fold or joint in tail extension, posteriad to caudal extremity.
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Mountain herd, and in Alaska. Sequences from single L3s
recovered from two slugs from the Palmer Lake region of
the Mackenzie Mountains, Northwest Territories, were iden-
tified as P. odocoilei and the novel species, respectively.
This indicates sympatry for these protostrongylid species in
this region.


Morphological comparisons
The DSL from muskoxen in Nunavik and Aklavik were


similar in appearance and overall dimensions to DSL from
other protostrongylids of the Nearctic (i.e., M. capillaris, P.
odocoilei, P. andersoni, P. tenuis, U. pallikuukensis, and V.
alpenae) (Table 4, Fig. 2) (Lankester and Hauta 1989;
Lankester 2001). Specimens from Aklavik (heat-killed)


were consistently larger than those examined from Nunavik.
The latter specimens of DSL had been preserved in 70%
ethanol, and as a consequence, meristic data may not be en-
tirely comparable with that reported for other species, partic-
ularly where measurements were derived from heat-killed
DSL in water.


Discussion


Our results indicate the presence of a previously unrecog-
nized species of protostrongylid circulating in muskoxen,
caribou, and moose across an extensive region of the North
American Arctic and Subarctic (Tables 2 and 6; Fig. 3). The
two sequence types of the undescribed species demonstrated


20 µm


eij


an


exp
ds


tf


gp


Fig. 2. Dorsal-spined larva of an unknown species of Protostrongylidae in Ovibos moschatus wardi from Nunavik, Quebec. Photomicro-
graph in differential interference contrast. Organ systems are noted as follows: exp, excretory pore; eij, esophageal–intestinal junction (base
of esophagus); gp, genital primordium; an, anus. Note that the dorsal spine is narrow at its base and that the tail extension (the region
posteriad from the level of the dorsal spine) has three tail folds (tf) or prominent joints.


Table 5. Data for the two sequence types of ITS-2 of the putative novel species of
Protostrongylidae.


Position in ITS-2


Sequence 25 289 325 338 351 407 424 429


1 A A GCG AA G AAACAATGCA T A
2 G G A— TT A — A C


Note: Position numbers show distribution of conserved base differences between sequences
and position from end of 5.8S rDNA. The numbers apply to sequence 1 after position 325.
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Orthostrongylus macrotis


Muellerius capillaris


Elaphostrongylus alces
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Fig. 3. Unrooted neighbor-joining (NJ) tree based on HKY85 distances showing relative similarity among a presumed unknown species and
other Protostrongylidae. Note reciprocal monophyly for 18 (among 29) representative dorsal-spined larvae (DSL) in barrenground and
woodland caribou, muskoxen, and moose and one L3 in a gastropod host relative to Varestrongylus alpenae in white-tailed deer with which
the unknown shares 75% similarity. Numerical labelling of terminal branches for this unknown protostrongylid is linked directly to data in
Table 2 and geographic localities indicated on the map depicting the distribution of sampling (Fig. 1); multiple hosts are represented at
some localities. Sequences from single larvae from each recognized host were used to generate the NJ tree. The unknown is further distinct
relative to other protostrongylids, including (i) DSL of elaphostrongylines and species of Elaphostrongylus (E. cervi, E. alces, E. rangiferi)
and Parelaphostrongylus (P. andersoni, P. odocoilei, and P. tenuis); (ii) DSL of muellerines, including Umingmakstrongylus pallikuukensis,
Muellerius capillaris, and Cystocaulus ocreatus; and (iii) spike-tailed L1 of protostrongylines, including Protostrongylus rufescens and P.
stilesi; and the neostrongyline Orthostrongylus macrotis.
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considerable homogeneity and were distinct from all other
Protostrongylidae in North America and from Cystocaulus
ocreatus in caprines and Elaphostrongylus cervi, E. rangi-
feri, and E. alces in cervids from the Palearctic (Fig. 3).
Although comparisons of larval morphology and nucleotide
sequences with other protostrongylid species in Eurasia, in-
cluding Neostrongylus linearis (Marotel, 1913) and Pneumo-
caulus kadenazii Schulz and Andreeva 1948, are required, it
is highly unlikely that this currently undescribed nematode
from North America is either of these protostrongylids
(Boev 1975; Carreno and Hoberg 1999). DSL of N. linearis,
which occurs in Caprinae from central Asia and the western
Palearctic, have a distinct caudal structure that differs from
that seen in the new species (Boev 1975); P. kadenzaii is a
parasite so far only known in musk deer, Moschus moschi-
ferus L., 1758, from the Altai region of central Asia, and the
detailed structure of the DSL is poorly known (Boev 1975).


In distance-based analyses, the sequences of the unknown
consistently grouped with Varestrongylus alpenae, a pulmo-
nary parasite of white-tailed deer (Odocoileus virginianus
(Zimmermann, 1780)) from central and eastern North Amer-
ica (Gray et al. 1985). Reciprocal monophyly is clearly dem-
onstrated (Fig. 3), although sequence similarity is only 72%–
77% in a pairwise comparison with V. alpenae (Table 6).
This may suggest that a search for adult parasites should in-
volve examination of the pulmonary system in ungulate
hosts. The unknown is clearly not an elaphostrongyline and
thus may not be predicted to occur either in the central nerv-
ous system or in the musculature of ungulate hosts.


Prior to the discovery of these novel larvae, we examined
lungs from over 50 caribou from the Bluenose East herd,
two muskoxen from the Aklavik population, and close to
100 muskoxen sympatric with the Bluenose East caribou
herd from the Central Canadian Arctic. Dictyocaulus eckerti
Skrjabin, 1931 was isolated from both host species and U.
pallikuukensis and Protostrongylus stilesi from muskoxen,
but no other nematodes were found in the lungs (S. Kutz,
E. Hoberg, B. Elkin and J. Nishi, unpublished data; Hoberg
et al. 2002). However, adults of Varestrongylus are small,
measuring 13–24 mm in length and 0.02–0.10 mm in width
(for V. alpenae), cause subtle pathology easily missed on
gross examination, and may be extremely difficult to detect
in the lungs (Gray et al. 1985). Likewise, if the undescribed
protostrongylid is associated with an extrapulmonary site,
such parasites can be particularly cryptic and obscure
(Lankester and Hauta 1989).


Comparative morphology
Although there is extensive overlap in most meristic char-


acters of the new species and other protostrongylids in the
Nearctic, specimens of the new species may be relatively
smaller (except M. capillaris), and the esophagus may repre-
sent a lower percentage of overall body length. The DSL
that we examined were slightly smaller than those docu-
mented by Lankester and Hauta (1989) in woodland caribou
from the Mealy Mountains, Labrador, but are in the range of
larvae in woodland caribou from Reed Lake, Manitoba
(Lankester et al. 1976). Tail structure is similar where three
joints or tail folds are typical for the tail extension in L1 of
the new species (Fig. 2) and Umingmakstrongylus and Pare-
laphostrongylus (Hoberg et al. 1995, 2005); details of fineT
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structure for the tail extension in Varestrongylus and Muel-
lerius require further study. In specimens of the new species,
however, the basal portion of the tail extension is relatively
longer than the midsection or the distal tip, in contrast with
Parelaphostrongylus or Umingmakstrongylus. Additionally,
the base of the dorsal spine is relatively narrow in the new
species as compared with specimens of any species of Pare-
laphostrongylus. Notably, DSL from the new species resem-
ble those reported and described as a presumptive
elaphostrongyline in woodland caribou from Ontario and
Manitoba, particularly in the form of the thin dorsal spine
(Lankester et al. 1976).


Host and geographic range
We identified the novel ITS-2 sequences in larvae from


three ungulate host species, including three subspecies of
caribou, and one slug intermediate host, from locations ex-
tending from Alaska, USA, to Labrador, Canada (Fig. 1; Ta-
ble 2). This indicates that the parasite has a broad host and
geographic range; however, the prevalence and intensity of
infection remain unknown, as our study was not designed to
specifically address these factors. Larvae with the novel se-
quences were not found in some caribou herds, such as the
Bluenose West and Chisana, or in woodland caribou from
the northwestern Northwest Territories, but this likely re-
flects insufficient sampling rather than true absence
(Table 3). Detection of a third-stage larva in a slug supports
the recognition of a typical protostrongylid lifecycle, with
gastropods as essential intermediate hosts.


In Alaska, P. andersoni had previously been the only pro-
tostrongylid reported in barrenground caribou, and the extent
of its distribution remains undocumented (Lankester 2001).
We identified DSL of the unknown species in the Porcupine
caribou herd and in the North Alaska Peninsula herd, which
is sympatric with an infected moose in the area near Lake
Clark at the northeastern terminus of the North Alaska Pen-
insula (Table 2).


Our results suggest that the previously unknown DSL re-
ported by Lankester and Hauta (1989) in woodland caribou
from the Mealy Mountains may be the same as the novel pro-
tostrongylid that we describe here. However, DNA sequenc-
ing is required to determine the identity of unknown
protostrongylids in woodland caribou from Alberta, Ontario,
and Manitoba (Lankester et al. 1976; Gray and Samuel 1986).
DNA sequencing of the ITS-2 from DSL from those and other
populations and examination of adult worms remains neces-
sary to determine the complete geographic range of the un-
known and other known protostrongylids in North America.


A number of reports of unidentified protostrongylids in
North America cervids were summarized by Lankester et al.
(1976). In each case, DSL were presumed to be species of
Parelaphostrongylus, but adult nematodes could not be dem-
onstrated in extrapulmonary sites. Of potential importance
here are the reports of DSL similar to P. tenuis in moose
from Isle Royale, Michigan (Karns and Jordan 1969), in
white-tailed deer from Saskatchewan (Bindernagel and An-
derson 1972), and in mule deer from Alberta (Samuel and
Holmes 1974). In central and eastern Saskatchewan, some
populations of DSL were later determined to be V. alpenae
(Gray et al. 1985). The identity of other populations was
never determined, and Lankester et al. (1976) had suggested


that an unknown protostrongylid was circulating among deer
and woodland caribou in zones of contact. Thus, these and
other unidentified DSL, presumed to be elaphostrongylines
(e.g., in woodland caribou from northeastern Alberta and
from Manitoba and Ontario) may be the new species identi-
fied in this study, or alternatively, a single widespread species
of protostrongylid remaining to be characterized in detail.


We suggest experimental studies together with a systematic
search incorporating necropsies of appropriate, free-living un-
gulate species for recovery of adult specimens from pulmo-
nary and extrapulmonary tissues and continued fecal surveys
to resolve the host and geographic distribution of this appa-
rently novel parasite. Concurrently, this will serve to provide
a more comprehensive knowledge of the distribution for spe-
cies of Parelaphostrongylus and V. alpenae in the Nearctic.
Another possible northern ungulate host for the novel proto-
strongylid is Dall’s sheep (Ovis dalli Nelson, 1884). Although
both P. odocoilei and P. stilesi are geographically widespread
in Dall’s sheep, and numerous fecal and lung samples have
been analyzed, none have revealed the occurrence of other
protostrongylids in Alaska, British Columbia, Yukon, and
Northwest Territories (Jenkins et al. 2005a; E.P. Hoberg, K.
Beckmen, unpublished data). Feces from sympatric and para-
patric populations of white-tailed deer, Sitka black-tailed deer
(Odocoileus hemionus sitkensis Merriam, 1898), mule deer
(Odocoileus hemionus (Rafinesque, 1817)), and elk (Cervus
elaphus L., 1758) in potential contact with northern ungulates
have yet to be examined extensively.


Currently, documented cervid hosts are all ungulates of
great vagility and have a capacity to disperse over large dis-
tances, compatible with a complex history for geographic
and perhaps host colonization for the unknown species. A
common denominator in the distribution of this novel para-
site may be barrenground or woodland caribou, cervids with
extensive geographic ranges across the north. It is unlikely
that the less vagile caprine bovids (Dall’s sheep or musk-
oxen) are involved in the dispersal of the parasite. Patterns
of sympatry for a diverse assemblage of ungulate species
and alternating episodes of biotic expansion and isolation
for host and parasite assemblages would have served as driv-
ers for the distribution of a geographically widespread proto-
strongylid fauna (e.g., Guthrie 1982, 1984; Hoberg et al.
1995; Hoberg 2005); distributions may further be modified
by translocation, ecological perturbation, and host switching
during the past century (e.g., Hoberg et al. 2002; Kutz et al.
2004).


Moose are late Pleistocene immigrants to North America,
only about 10 ka, with ranges determined by geographic ex-
pansion from Beringia during the Holocene (Lister 2004).
Protostrongylids are essentially unknown in North American
moose, other than sporadic fatal infections attributable to P.
tenuis at temperate latitudes and in zones of contact with
white-tailed deer (Lankester 2001). Additionally, although
fecal samples (n = 41) from moose have been examined,
DSL have not been detected across the Yukon and North-
west Territories (Table 3). In contrast, caribou are identified
as Beringian endemics with a relatively long history in the
Nearctic over the past 2 million years and ranges that ex-
tended south of the Laurentide and Cordilleran ice masses
during the Pleistocene (Guthrie and Matthews 1971; Kurtén
and Andersen 1980; Webb 2000; Flagstad and Røed 2003).
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Although elaphostrongylines are characteristic in caribou
and reindeer, no other protostrongylids are known (Boev
1975; Lankester 2001), and in North America, P. andersoni
appears to be a colonizer from white-tailed deer (Carreno
and Lankester 1994). The geographically broad range now
demonstrated for this previously undescribed protostrongylid
suggests that it may have existed in caribou in refugia in
eastern Beringia or south of the Laurentide–Cordillera dur-
ing the Pleistocene (e.g., Flagstad and Røed 2003); addition-
ally this may suggest affinities to a Holarctic–Palearctic
fauna during the Pleistocene (Hoberg 2005). In as much as
we have shown that the unknown may not be an elaphos-
trongyline, any history that has been defined for Parelaphos-
trongylus (e.g., Platt 1984; Carreno and Lankester 1994)
may not be revealing with respect to this protostrongylid.


The history, geographic range, and recent surveys of
muskoxen for protostrongylids suggest that this host may ac-
quire the novel protostrongylid when sympatric with cari-
bou. Surveys for U. pallikuukensis in muskoxen have
demonstrated that protostrongylid lungworms appear to
have a climatically limited distribution and are absent in the
Arctic islands of Canada (Hoberg et al. 1995; Kutz et al.
2001a; 2004). Thus, it is highly improbable that muskoxen
(O. m. wardi) introduced to northern Quebec from Ellesmere
Island were infected with the unknown protostrongylid at
the time of translocation. Infections documented in the cur-
rent study are likely a result of host-switching from barren-
ground caribou of the sympatric George River herd. The
other two populations of infected muskoxen, northern Yu-
kon (introduced O. m. wardi) and Thelon Sanctuary, Nuna-
vut (endemic O. m. moschatus) are also sympatric with large
migratory herds of caribou (Porcupine; Bathurst–Beverly–
Qaminuriak), the most likely source of the novel protostron-
gylid. Phylogeographic studies of hosts and parasites and
molecular-based surveys are requisite in resolving the his-
tory and geographic associations for this parasite in the
north (Jenkins et al. 2005a).


Our current understanding of the geographic distribution
for northern protostrongylids with DSL suggests that four
species (the new species, P. odocoilei, P. andersoni, and U.
pallikuukensis) could be sympatric and may occur as con-
comitant infections, depending on the array of ungulates
that are present (Lankester and Hauta 1989; Hoberg et al.
1995; Kutz et al. 2001a, 2001b; Lankester 2001; Jenkins et
al. 2005a). In the current study, we clearly demonstrate the
presence of P. andersoni and the unknown species in the
same caribou populations, with concurrent infections recog-
nized in the Beverly and Mealy Mountain herds and in
Alaska (Table 2). Other species with DSL, including M. capil-
laris, P. tenuis, V. alpenae, and the introduced E. rangiferi
are currently unknown at Subarctic latitudes (Kutz 2000;
Lankester 2001, Kutz et al. 2001a). Determination of geo-
graphic and host range and detection of mixed or sequen-
tial infections is confounded by additional variables,
including (i) infections of short temporal duration in young
hosts and where larval passage is circumscribed in time
(e.g., moose and caribou in Newfoundland infected briefly
with P. andersoni and later with E. rangiferi) and (ii) a
degree of cross-immunity where initial infection with one
protostrongylid may inhibit development and limit sympa-
try with related species (e.g., P. andersoni and P. tenuis


in white-tailed deer in the southeastern USA) (M.W.
Lankester, unpublished data).


The possibility of sympatry among an assemblage of pro-
tostrongylids highlights the importance of applying efficient
diagnostic techniques that will identify mixed infections
where the abundance for respective species may differ sub-
stantially (Huby-Chilton et al. 2006). The greater abundance
of DSL of one species versus another in feces may tend to
mask the presence of multiple infections in single hosts, par-
ticularly when DNA sequencing of individual larvae is the
only method for definitive identification. For example, in
previous surveys for Varestrongylus alpenae in Odocoileus
virginianus from southern Manitoba, Canada, a single adult
male specimen was recovered from pulmonary tissue (1 of
50 deer at Riding Mountain, Manitoba), but sequencing of
individual DSL in feces from this host and other white-tailed
deer at this site detected only P. tenuis (S. Kutz, G. Apple-
yard, and E. Hoberg, unpublished data). Techniques such as
single strand conformation polymorphism (SSCP) are more
efficient for species identification in mixed infections and
for discovery of previously undescribed species (Huby-Chil-
ton et al. 2006). However, different life-history patterns
among protostrongylid species may still necessitate intensive
collections across age and sex classes and seasons as well as
the examination of relatively large numbers of larval speci-
mens to determine or exclude the occurrence of mixed in-
fections. Documenting concurrent infections is important in
understanding pathogenesis, disease, and synergistic effects
where multiple species of protostrongylids occur in single
hosts or host populations (Kutz et al. 2001b, 2004; Jenkins
et al. 2006, 2007).


We have shown that the diversity of the parasite fauna in
northern ungulates continues to offer surprises. One of the
greatest challenges in collecting and assessing data about
populations of parasites and other pathogens in remote re-
gions is access to suitable samples for analyses. Through a
network of collaborators, including scientists, wildlife man-
agers, and community members, we have been able to ob-
tain fecal samples from a variety of wildlife species and
geographic locations. As demonstrated in this study, the ad-
vent of molecular methodologies for definitive identification
in conjunction with basic comparative morphology for
screening and development and application of archival mu-
seum collections have now made it possible to detect hidden
parasite biodiversity for protostrongylids from fecal-based
surveys (Gajadhar et al. 2000; Hoberg et al. 2001; Jenkins
et al. 2005a; Mortenson et al. 2006; Huby-Chilton et al.
2006). Clearly, recovery of adult parasites remains essential
for description of this novel species; however, without mo-
lecular technologies it is likely that this parasite would have
remained unknown for a long time to come. Many of these
approaches are still time-consuming and expensive, and new
techniques (e.g., SSCP) may lead to a rapid, efficient, and
economic basis to distinguish among an array of different
species with DSL (Huby-Chilton et al. 2006). It is important
to note, however, that for studies of genetic diversity and
phylogeography, sequencing of appropriate loci is still nec-
essary (Mortenson et al. 2006).
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Sarcocystis arctosi sp. nov. (Apicomplexa, Sarcocystidae)
from the brown bear (Ursus arctos), and its genetic similarity


to schizonts of Sarcocystis canis-like parasite associated
with fatal hepatitis in polar bears (Ursus maritimus)
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Abstract
The tissues of herbivores are commonly infected with cysts of parasites belonging to the apicomplexan genus Sarcocystis, but
such sarcocysts are rare in bears. Here, we describe a new species, Sarcocystis arctosi, based on the mature sarcocysts identi-
fied in two brown bears (Ursus arctos) from Alaska, USA. Microscopic sarcocysts (37�75 × 20�42 µm) had thin walls (<1 µm).
The outer layer of the sarcocyst, the parasitophorous vacuolar membrane (pvm), was wavy in outline and had minute undula-
tions that did not invaginate towards the sarcocyst interior; these undulations occurred at irregular intervals and measured up
to 100 nm in length and up to 60 nm width. The ground substance layer beneath the pvm was smooth and lacked microtubules.
Longitudinally cut bradyzoites measured 5.6�6.8 × 0.7�1.8 µm. A major portion of nuclear small subunit rDNA sequence
obtained from these sarcocysts was similar to that previously obtained from the hepatic schizonts of a S. canis-like parasite from
polar bears (Ursus maritimus).
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Protozoa, Apicomplexa, Sarcocystis arctosi sp. nov., brown bear, Ursus arctos
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Introduction


Parasites belonging to the apicomplexan genus Sarcocystis
depend upon predation to effect their transmission (Dubey et
al. 1989). Prey and predators serve, respectively, as interme-
diate and definitive hosts for these parasites. The definitive
host becomes infected by ingesting the asexual stage (sarco-
cyst) encysted in the intermediate host�s tissues, whereupon
the sexual cycle may commence in the lamina propria of the
small intestine of the carnivore. Typically, species of Sarco-
cystis exclusively parasitize a single intermediate host species.


Encysted parasites commonly occur in the tissues of herbi-
vores, but are rare in bears. Previously, sarcocysts of unnamed
species were found in sections of six of 53 black bears (Ursus
americanus) from the southeastern United States (Crum et al.
1978), one of 92 in North Carolina (Dubey et al. 1998), one
of 132 from Florida (Cheadle et al. 2002), and two of 46 in
Oregon (Foreyt et al. 1999).


In the present study we report mature sarcocysts from two
brown bears (Ursus arctos) in Alaska, USA, for the first time
from this host.


Materials and methods


Heads from two brown bears killed in defense of human life
on the Kenai Peninsula, Alaska [bear no.1, Alaska Department
of Fish and Game (ADFG) no. 0603433, sub-adult male killed
on October 10, 2006 in Clam Gulch, Alaska 60°2´N, 151°4´W
and bear no. 2, an adult female ADFG l no. 0603434, killed on
October 11, 2006 in Soldotna, Alaska 60°5´N, 151°4´W] were
shipped to the Animal Parasitic Diseases Laboratory (APDL),
United States Department of Agriculture, Beltsville for para-
site evaluation. Approximately 50 g of tongue from both bears
were digested in acid pepsin solution and the digest was ex-
amined microscopically for protozoa (Dubey et al. 1989). 
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Tongue and muscles from the neck area from each bear was
fed to two cats, one for each bear, and the faeces of cats were
examined for coccidian oocysts (Dubey 1995). Four weeks
later, the cats were killed and homogenates of their small
intestine were digested in 5.25% sodium hypochlorite solu-
tion (Chlorox) and the digest was examined microscopically
for Sarcocystis sporocysts (Dubey et al. 1989).


Samples of tongue and muscles from throat and neck were
fixed in 10% buffered neutral formalin on October 17, 2006,
one week after the discovery of bradyzoites in digest of 
tongue. Routine histologic examination was performed on par-
affin-embedded sections (5 µm) stained with haematoxylin
and eosin (H and E).


For transmission electron microscopy, paraffin-embedded
tongue sections were post-fixed in 1% osmium tetroxide in
Millonig�s phosphate buffer, rinsed in the same buffer, dehy-
drated in ethanol and embedded in epoxy resin. Semithin sec-
tions were stained with toluidine blue in 1% sodium tetrabo-
rate. The ultrathin sections were contrasted with uranyl ace-
tate and lead citrate before examination in a transmission elec-
tron microscope.


For molecular characterization, the centrifuged sediment
from each tongue digest was stored at �70°C and further
digested for DNA extraction, using the DNeasy tissue kit
(Qiagen Corp.) for animal tissues (these procedures were also
performed on two additional vials to which no tissue was
added in order to confirm the absence of contaminating DNA
in our reagents or equipment). Each specimen was then sub-


jected to PCR amplification of a 1484 bp portion of 18S rRNA
gene and directly sequenced on an ABI 3100 instrument after
removing excess primers and unincorporated nucleotides
using ExoSAP-IT (USB Corp.). Sequences were edited using
Sequencher (GeneCodes Corp.) and compared to all available
homologues identified by BLAST in the nonredundant nu-
cleotide GenBank database. Multiple sequence alignments of
all such sequences were constructed using CLUSTALW, and
phylogenetic relationships inferred under the criterion of min-
imum evolution using Kimura 2-parameter distances using
MEGA version 3.1 (Kumar et al. 2004).


Results


Sarcocystis-like bradyzoites were seen in the pepsin digest of
tongue of both bears. These bradyzoites were slender and
estimated to be 5�7 µm long but were not measured. A total
of five microscopic sarcocysts were seen from both sarcocysts
in numerous sections of tongue and other muscles. In bear 
no. 1, only one sarcocyst was seen and it measured 62.5 × 
27.5 µm in a section of skeletal muscle. Four sarcocysts were
seen in bear no. 2 (1 in tongue, and 3 in muscles, including 
2 in one myocyte); these sarcocysts measured 75 × 42.5 µm,
75 × 37.5 µm, 37.5 × 30 µm, and 37.5 × 20 µm. In 5 µm sec-
tions stained with H and E, the sarcocyst wall appeared thin
(<1 µm) and smooth (Fig. 1A, B). Septa were present. The sar-
cocyst interior was packed with slender bradyzoites that were
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Fig. 1. Sarcocysts of Sarcocystis arctosi sp. nov. in skeletal muscles of the naturally-infected brown bear. Note thin sarcocyst wall (arrows)







Sarcocystis arctosi sp. nov. from the brown bear


difficult to measure because their boundaries were indistinct.
Out of all five paraffin blocks processed for thin sections, only
one sarcocyst (from bear no. 2) was seen in 1-µm sections
stained with toluidine blue; villar protrusions were not visible
on the sarcocyst wall of this sarcocyst.


Sections of one sarcocyst were examined ultrastructural-
ly (Fig. 2). The outer layer of the sarcocyst, the parasito-
phorous vacuolar membrane ((pvm), was wavy in outline and
had minute undulations that did not invaginate towards the
sarcocyst interior (Fig. 2). These undulations occurred at
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Fig. 2. TEM of the sarcocyst of Sarcocystis arctosi sp. nov. cut at different angles (A, B, C) within a host cell (Hc). Opposing arrows indi-
cate the sarcocyst wall. Arrowheads point to minute undulations on the sarcocyst wall. The bradyzoites (Br) are located just beneath the smooth
ground substance (Gs) layer
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Sarcocystis arctosi sp. nov. from the brown bear


irregular intervals and measured up to 100 nm in length and up
to 60 nm in width. The interior of the undulations was elec-
tron-dense. The ground substance (Gs) layer beneath the pvm
was smooth and lacked microtubules. The Gs was approxi-
mately 0.4�0.5 µm wide and of uniform thickness except
when cut at an angle (Fig. 2). The sarcocyst was mature and
contained fully formed bradyzoites; metrocytes were absent.
Groups of bradyzoites were separated by septa. Longitudinal-
ly cut bradyzoites measured 5.6�6.8 × 0.7�1.8 µm (n = 5).
Bradyzoites contained a conoid, micronemes, 1�2 rhoptries
per section, and a posteriorly located nucleus. The rhoptries
had a long neck and were often looped so that the blunt end
was directed towards the conoid. Micronemes were few and
located throughout the bradyzoite. The nucleus was located in
the posterior half of the parasite. Amylopectin granules were
present in the posterior three quarters of the bradyzoites. 


A partial sequence representing most of the small subunit
rDNA (1484 bp) was sequenced (GenBank no. EF564590)
and used as the basis of a BLAST search of the non-redundant
nucleotide database and was compared with related taxa (Fig.
3). Surprisingly, this sequence was identical, over the entire
993 bp available for comparison, to a sequence previously
derived from schizonts in the liver of a polar bear attributed
to S. canis (Dubey et al. 2006).


No Sarcocystis sporocysts were observed in either the fae-
ces or the intestinal scrapings of either cats fed Sarcocystis-
infected bear tissues.


Discussion


Complete life-cycles of Sarcocystis are known for only a few
species of animals, mostly those employing livestock inter-
mediate hosts (Dubey et al. 1989). Most Sarcocystis species
have been named based on their intermediate host occurrence
and their structure. Among all diagnostic morphological cri-
teria, the structure of the sarcocyst wall is most valuable for
differentiating those species that share a given host. Dubey 
et al. (1989) and Dubey and Odening (2001) recognized 35
types of sarcocyst walls based on their structure. 


The wall of the sarcocyst described here from the brown
bear is distinct. It most closely resembles Type 1 sarcocyst
wall because of minute undulations on the wall. However, it
differs from Type 1 because it does not invaginate in to the
interior of the sarcocyst (Dubey et al. 1989). It also appears
distinct from the unnamed species of Sarcocystis previously
reported from black bears (Dubey et al. 1998), whose sarco-
cyst wall had 2-µm long villar protrusions.


Interestingly, the sequenced portion of rDNA of the sar-
cocysts in brown bear could not be distinguished from the 
schizonts previously reported from a S. canis-like parasite
previously reported from the liver of a polar bear that died in
a zoo at Anchorage, Alaska (Garner et al. 1997). Fortunately,
a sample of liver from one of these polar bears, kept frozen for
10 years, was subsequently successfully characterized geneti-
cally (Dubey et al. 2006). The rDNA from schizonts in the


polar bear was found to be distinct from any other species of
Sarcocystis then known (Dubey et al. 2006).


Sarcocystis canis is a poorly described parasite; only the
schizont stage is known. Sarcocystis canis was named based
on only the schizont stage to draw attention to a disease caus-
ing fatal hepatitis in dogs (Dubey and Speer 1991). Subse-
quently S. canis-associated hepatitis was diagnosed in addi-
tional dogs, a sea lion, a chinchilla, a dolphin, a Hawaiian
monk seal, a horse, a black bear (reviewed in Dubey et al.
2006). In all of these cases, only schizonts were seen, the
infection was confined to the liver, and no material was avail-
able for parasite cultivation. 


The precise agreement of the rDNA of the previously
reported S. canis from that polar bear with the present study
from brown bears raises the interesting possibility that they
may represent, respectively, the schizont and sarcocyst stages
of the same etiological agent. Although subsequent analysis
may yet discriminate among these two putative taxa, their
especially strong resemblance in any event establishes that
they share an especially close evolutionary relationship.
Whether or not recognizable distinctions are ultimately iden-
tified between them, this serendipitous finding of phyloge-
netic affinity may provide an important clue to unraveling the
mystery of enigmatic-but-widespread occurrences of fatal par-
asitic hepatitis, by providing a detailed prediction of the sar-
cocysts whose consumption induces such disease.


To aid in efforts to elucidate parasite epidemiology and
biodiversity, and to facilitate precision in the functional appli-
cation of taxonomic nomenclature during a period of admit-
ted uncertainty, we have chosen to designate sarcocysts from
brown bear parasite as S. arctosi. In the event that complete
characterization of the life-cycle of S. canis establishes it as
indistinguishable on all relevant grounds, the name S. canis
should enjoy priority.


Taxonomic summary


Diagnosis: Sarcocysts microscopic with <1 µm thick sarco-
cyst walls. Minute undulations on the sarcocyst wall present
that do not invaginate in to the interior of the sarcocyst.


Type host: Brown bear (Ursus arctos).
Other hosts: Unknown.
Type locality: Alaska, USA.
Etymology: Derived from the host genus.
Specimens deposited: Two histological sections stained


with H and E from both bears (D5391 and D5390), and one
section from bear D5391 were deposited in the United States
National Parasite Collection (USNPC nos.100080 and 100081),
United States Department of Agriculture Beltsville, Maryland
20705, USA.
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The endangered Western population of the Steller sea lion declined for three decades for uncertain rea-


sons. We present baseline data of metal concentrations in pups as a f­i­rst step towards investigating the 


potential threat of developmental exposures to contaminants. Seven metals were investigated: arsenic, 


cadmium, silver, aluminum, mercury, lead and vanadium. Vanadium was detected in only a single blub-


ber sample. Mercury appears to be the most toxicologically signif­i­cant metal with concentrations in the 


liver well above the current action level for mercury in f­i­sh. The concentrations of aluminum, arsenic, 


silver, cadmium and lead were present in one-fourth to two-thirds of all samples and were at either com-


parable or below concentrations previously reported. Neither gender nor region had a signif­i­cant effect 


on metal burdens. Future work­ should consider metal concentrations in juveniles and adults and toxico-


logical studies need to be performed to begin to assess the toxicity of these metals.


© 2008 Elsevier Ltd. All rights reserved.

1. Intro­duc­tio­n


The Eastern and Western populations of the Steller sea lion 


(Eu­met­opi­as ju­b­at­u­s) are genetically distinct and geographically 


separate populations delineated at 145° W longitude (Bick­ham 


et al., 1996). The Western population has declined since the late 


1970s and is listed under the United States Endangered Species Act 


as endangered (Trites and Lark­in, 1996; Loughlin, 1998). The East-


ern population has increased slightly and is listed as threatened. 


The reason(s) for the decline of the Western population remain 


uncertain (Trites and Lark­in, 1996; Trites and Donnelly, 2003). Fac-


tors potentially contributing to the decline include malnutrition, 


disease, predation by k­iller whales, climate changes, exposure to 

d. All rights reserved.


ry of Environmental and Genetic 


outh Street, P.O. Box 4000, Port-


1 207 228 8057.
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toxic substances, entanglement in marine debris and incidental 


and intentional tak­e by humans (Loughlin, 1998; Trites and Don-


nelly, 2003). It has also been proposed that the decline of the Steller 


sea lion population is link­ed to the inability of pups to survive and 


become part of the breeding population (Chumbley et al., 1997; 


York­, 1994; Rea et al., 1998). Metals are a class of toxic substances 


that are prevalent in the marine environment (Barron et al., 2003) 


and are k­nown to signif­i­cantly disrupt all of the major organ sys-


tems in humans and terrestrial mammals (Goyer and Clark­son, 


2001) and, therefore, might be a contributing factor in the decline 


of this species, however, Steller sea lion exposure to metals is not 


well understood.


Previous studies have shown that Steller sea lions are exposed 


to metals (Ando-Mizobata, 2006; Hamanak­a et al., 1982; Sydeman 


and Jarman, 1998; Saek­i et al., 1999, 2001; Beck­men et al., 2002). 


One study focused on silver in juvenile and adult Steller sea lion 


liver tissue and found silver loads positively correlated with vana-


dium, selenium and mercury concentrations; however, the exact 


concentrations were not reported (Saek­i et al., 2001). A second 
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study investigated the metal loads of vanadium in juvenile and 


adult Steller sea lion liver tissue and found a correlation between 


liver vanadium levels and age (Saek­i et al., 1999). A third study 


reported cadmium and zinc levels in livers and k­idneys of juvenile 


and adult Steller sea lions, and also found a correlation with age 


(Hamanak­a et al., 1982). Another study measured zinc and iron in 


adult Steller sea lion canine teeth to assess fluctuations in metal 


accumulation over the course of individual lifetimes (Ando-Mizo-


bata, 2006). These data indicate that adults are exposed and metals 


accumulate with age.


By contrast, only two studies have considered Steller sea lion 


pups. Beck­men et al. (2002) found relatively low mercury concen-


trations in hair samples collected from pups and juveniles of both 


populations. The other study found detectable levels of aluminum, 


arsenic, cadmium, chromium, copper, iron, lead, mercury, selenium 


and silver in the livers of eight pups (Sydeman and Jarman, 1998). 


These data present a clear indication that exposure has occurred, but 


the picture is incomplete as only four tissues have been considered, 


hair, liver, k­idney and teeth while other important organs such as the 


lung, sk­in, testes and ovary have not been considered. This absence 


of data limits interpretation of the potential extent of exposure to 


metals in Steller sea lions, as typical in mammals there is a differen-


tial accumulation of metals in different organs. Sampling of a single 


organ may not give an accurate indication of the extent of exposure 


or the potential impact to the animal’s physiologic processes. For 


example, a study in bowhead whales (Baelaena myst­i­cet­u­s) revealed 


that cadmium concentrations in the liver are relatively low at 11 ug/


g, but cadmium concentrations in the k­idney cortex can reach up to 


200–300 ug/g (Bratton et al., 1997). Consequently, our understand-


ing of the extent of metal exposure and bioaccumulation in Steller 


sea lions remains incomplete. Accordingly, to further assess the 


extent of exposure, this study investigated seven different metals in 


nine different organs. Because mammals are particularly sensitive to 


many metals during development, we specif­i­cally focused on pups 


as a measure of developmental exposure and an indirect measure of 


adult exposure and considered sex and regional differences to estab-


lish a baseline of exposure to these metals.


2. Mate­rials and me­th­o­ds


2.1. Collect­i­on of St­eller sea li­on t­i­ssu­e samples


Tissues were obtained opportunistically from free-ranging ani-


mals found dead by f­i­eld researchers investigating other aspects 


of Steller sea lion life history and physiology. Between 5 and 15 g 


of each tissue was collected with a Teflon k­nife and placed in plas-


tic vials and stored at ¡70 °C until analysis. Location and sex were 


recorded for each animal (Fig. 1). Since the Steller sea lion popu-


lation is geographically separated at 145° W longitude, samples 


obtained west of 145° W longitude were classif­i­ed as the Western 


population and any samples collected east of 145° W longitude 


were classif­i­ed as the Eastern population. Samples came from 


intact recently dead pups. No developmental abnormalities were 


observed in the pups and the causes of death included cervical 


dislocation (1), euthanized due to emaciation (1), suffocation (1), 


drowning in cesspool (5), aspiration of milk­ (2), infection (1), and 


unk­nown (14).


2.2. Det­ermi­nat­i­on of met­al concent­rat­i­ons i­n t­i­ssu­es from St­eller sea 


li­ons


Wet samples were homogenized, weighed to the nearest 


0.0001 g, transferred to polypropylene tubes and digested with a 


mixture of 3 ml trace metal grade nitric acid, 1 ml hydrochloric acid 


and 2 ml ultra-pure hydrogen peroxide at atmospheric pressure in 


a CEM MARS-5 microwave oven. No liquid was added to the tissues 


during homogenization. Sk­in was rinsed to remove external partic-


ulate contaminants. Following digestion, samples were diluted to 


volume with Milli-Q 18 M Ohm water and prepared as necessary 


for analysis. Each group of tissue samples included the following 


quality control samples: method blank­s, spik­ed blank­s, certif­i­ed 


reference materials, duplicate samples and spik­ed samples. Qual-


ity assurance and quality control information is listed in Table 1.


Mercury concentrations were determined by cold vapor atomic 


absorption, using a Cetac 7500 Quick­Trace Hg analyzer. Silver, 


arsenic, cadmium, and vanadium concentrations were determined 


by inductively coupled plasma-mass spectroscopy (ICP-MS) using 


a Perk­in Elmer/Sciex DRC 2 instrument equipped with a dynamic 


reaction cell to remove molecular ion interferences. Prior to anal-


ysis, digestates were diluted 10£ with Milli-Q water in order to 


reduce the nitric acid level to approximately 2%. Because of molec-


ular ion interferences, arsenic and vanadium were determined in 


“dynamic reaction cell (DRC) mode” using ammonia as the reac-


tion gas.


The remaining elements, aluminum and lead, were determined 


by inductively coupled plasma-optical emission spectroscopy 


(ICP-OES), using a Spectro CirOS instrument equipped with an 


axial torch.


Fig. 1. Locations of collected samples.
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Table­ 1


Quality assurance and quality control (QA/QC) data for element analyses


Element MDL a (ppm) Blank­ (ppm) Duplicate (RPD)b LCS recovery (%)c Spik­e recovery (%)d Standard reference material recovery (%)


2976 e 1577b f DOLT-2 g DORM-2 h


Ag 0.004 0.001 6.5 (6)i 100 (16) 101 (16) 112 (3) 99 (11) 86 (2)


Al 0.544 0.114 107 (17) 103 (18) 70 (2) 83 (12)


As 0.148 0.020 11.0 (1) 97 (16) 104 (17) 109 (2) 85 (11) 93 (3)


Cd 0.005 0.0005 2.3 (4) 102 (16) 104 (17) 102 (2) 94 (6) 98 (11)


Hg 0.003 0.0002 9.6 (18) 97 (14) 94 (13) 105 (2) 95 (11) 93 (2)


Pb 0.007 0.002 101 (16) 102 (10) 105 (2) 88 (3) 124 (11)


V 0.135 0.009 104 (17) 103 (18) 99 (2) 86 (3) 104 (11) 93 (2)


 a Method detection limit.
 b Duplicate values are valid when average concentration is not less than 3 £ MDL.
 c Laboratory control sample (LCS) values are valid when the observed concentration is not less than 3 £ MDL.
 d Spik­e values are valid when spik­e level values are valid when the observed concentration is not less than 3 £ MDL.
 e 2976, NIST Mussel tissue SRM.
 f 1577b, NIST Bovine liver SRM.
 g DOLT-2, NRC Dogf­i­sh liver SRM.
 h DORM-2, NRC Dogf­i­sh muscle SRM.
 i (n), Number of valid observation.


2.3. St­at­i­st­i­cs


The unbalanced two-way ANOVA was used to determine 


whether there was a difference in the average metal concentra-


tions in each organ for each of the following situations: east vs. 


west regardless of gender, east male vs. west male and east female 


vs. west female. The interaction between region and gender was 


also tested. All non-detected values have been considered in the 


analysis. A method described by Aboueissa and Stoline (2004) was 


used for adjusting the non-detected values. Since most of our data 


sets had multiple detection limits in each data set, all non-detected 


observations were replaced by the average of their detection lim-


its.


3. Re­sults and disc­ussio­n


3.1. Sea li­on popu­lat­i­on ch­aract­eri­zat­i­on


One hundred and sixty-two samples from 27 different pups 


were analyzed for their metal content. There were a total of 25 


blubber samples, 22 brain samples, 16 heart samples, 26 k­idney 


samples, 26 liver samples, 24 lung samples, 6 muscle samples, 2 


ovary samples and 15 testes samples. Forty-nine samples from 9 


female sea lions and 113 samples from 18 male sea lions were ana-


lyzed. Nineteen animals and 123 samples were from the Eastern 


population and 8 animals and 39 samples were from the Western 


population.


3.2. Element­ loads i­n t­i­ssu­es from all ani­mals


We sought to investigate tissue burdens of numerous elements 


in multiple organ systems in Steller sea lion pups. Vanadium was 


the only metal that was not detectable in any tissues other than 


one blubber sample. These data contrast with a previous study that 


showed that vanadium was present in organs of Steller sea lions 


(Saek­i et al., 1999). However, this discrepancy may be due to dif-


ferences in age classes sampled. All of our samples were collected 


from pups, whereas the majority of animals collected in Saek­i et 


al. (1999) were juveniles or adults, and they showed vanadium con-


centrations correlated with age.


Of the seven metals we tested, total mercury appears to be 


of the highest concern. Methylmercury is the most toxic form of 


mercury (Law, 2006); however due to dif­fi­culties in measuring 


specif­i­c forms of mercury in tissues we measured only total mer-


cury levels. Mercury was present in 159 of the 162 samples with 


the highest concentrations of mercury in the liver, ranging from 


0.17 to 9.38 ug/g wet weight. These values fall within the range 


of those previously reported for Steller sea lion (4.8–73 ug/g dry 


weight which is roughly equivalent (assuming 70% moisture) to 


1.44–21.9 ug/g wet weight) and Northern fur seals (7.65–10.8 ug/


g wet weight) (Sydeman and Jarman, 1998; Zeisler et al., 1993).


Mercury is thought to be hepatotoxic in pinnipeds (Ross and 


Troisi, 2001). Mercury also targets pinniped testes by altering bio-


synthesis of steroids in gray seals (Freeman and Sangalang, 1977). 


An i­n vi­vo study of harp seals showed that one of the main causes 


of death for dietary mercury exposure was renal failure after expo-


sure to 25 mg of mercury/k­g/day for 20 days. Mercury levels in 


the livers of exposed animals were 143 and 142 ug/g (Ronald et 


al., 1977). Harp seals exposed to 0.25 mg of mercury/k­g/day for 60 


days had a decreased appetite and reduced activity but exhibited 


no “neurological dysfunction” (Ronald et al., 1977). Tissue mercury 


level in the liver in animals exposed to 0.25 mg/k­g/day were 64 and 


82.5 ug/g mercury (Ronald et al., 1977). A study in rats exposed to 


1.5 mg of mercury/k­g for two days had mercury levels in the k­id-


ney of 11.94 ug/g (dos Santos et al., 2007). These animals showed 


changes in their motor activity (dos Santos et al., 2007). In addi-


tion, mercury is more toxic to developing nervous systems (Goyer 


and Clark­son, 2001); therefore, mercury may be a metal of particu-


lar concern for Steller sea lion pups.


It should be noted that the upper limit of these values reaches 


9.38 ug/g in pups which is more than 9-times the current action 


level (1 ppm or 1 ug/g) for mercury in f­i­sh for human consumption. 


The World Health Organization states that women with maternal 


hair concentrations between 10 and 20 ug/g have a 5% risk­ of their 


infants developing neurological disorder due to methylmercury 


exposure (van Oostdam et al., 1999), which raises concern for the 


sea lion pups. This level also raises concern for the health of subsis-


tence hunters because their diet includes the liver from juvenile 


Steller sea lions which could have even higher concentrations of 


mercury. The maximum k­idney, lung and hair mercury concentra-


tions also reached the action level. Of the metals considered, mer-


cury is the only metal with an action level for food.


It has been reported that marine mammals often have elevated 


levels of selenium to detoxify mercury allowing them to tolerate 


higher mercury exposures (O’Hara and O’Shea, 2001). The exact 


mechanism of detoxif­i­cation of methylmercury by selenium is 


unclear but it appears to form a complex with mercury, demethy-


late methylated mercury, transport mercury away from sensitive 


organs and prevent oxidative damage (O’Hara and O’Shea, 2001). 


We found that the molar selenium concentrations in the pups were 
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either greater than or equal to the molar concentrations of mer-


cury. Therefore, if this mechanism is active in pups the elevated 


mercury levels may not be inducing toxic effects.


Aluminum was detected in approximately one-fourth of all the 


samples with the majority of detected samples and highest concen-


trations in the blubber (0.37–46 ug/g wet weight). Aluminum con-


centrations are rarely considered in marine mammal tissues. Only 


one report indicated concentrations of 16–35 ug/g dry weight in 


Steller sea lion liver (Sydeman and Jarman, 1998) which is roughly 


comparable to 4.9–10.5 ug/g wet weight. These concentrations are 


slightly higher than our levels of 1.03–4.98 ug/g wet weight alumi-


num in the liver.


Aluminum is a neurotoxicant but the degree of toxicity var-


ies widely depending on species (Savory et al., 2006). Mice are 


relatively insensitive to aluminum neurotoxicity while rabbits 


are highly sensitive and experience severe neurological changes 


(Savory et al., 2006). One study in rats found that administration of 


4.29, 8.59 and 17.18 mg/100g aluminum induced brain aluminum 


levels of 1.728, 2.043 and 2.371 ug/g wet weight, respectively (Abd 


El-Rahman, 2003). These exposed animals experienced signif­i­cant 


brain alterations, including neuronal degeneration of the cere-


bral cortex, neurof­i­brillary degeneration and demyelination and 


increased levels of the excitatory neurotransmitters, glutamate 


and glutamine, and decreased level of the inhibitory neurotrans-


mitter, GABA (Abd El-Rahman, 2003). In our study, we reported 


brain aluminum levels ranging from 0.52 to 6.27 ug/g wet weight. 


The sensitivity of Steller sea lions to aluminum remains unk­nown; 


however, aluminum could be of particular concern for developing 


pups.


Cadmium concentrations were relatively low in Steller sea lion 


pups and detected in only 13 samples with the highest concentra-


tions in the k­idney (0.006–4.25 ug/g wet weight). Cadmium was 


only detected in two liver samples with concentrations of only 


0.005 and 0.40 ug/g wet weight. However, Sydeman and Jarman 


(1998) reported relatively high concentrations of cadmium in the 


livers of Steller sea lion pups. The explanation for this is uncertain, 


though in that study only one animal was reported, and thus, it 


is unclear if this is an anomalous animal or reflective of a popula-


tion.


Arsenic was detected in approximately half of the samples 


with the brain having the highest concentrations (0.28–1.58 ug/g 


wet weight). Limited data exist on the abundance and toxicity of 


arsenic in marine mammals, however, the concentrations found in 


brain and other organs may be harmful. It has been shown that 


arsenic exposure alters i­n vi­t­ro biosynthesis of steroids in the adre-


nals and testes of gray seals (Freeman and Sangalang, 1977). We 


found arsenic concentrations in the liver ranged between 0.039 and 


0.27 ug/g wet weight. Previous reports on marine animals revealed 


high arsenic concentrations in the liver of black­-footed albatross 


(0.8–13 ug/g wet mass) and hawk­sbill turtle (0.66–7.5 ug/g wet 


mass); however there was no discussion of the harmful effects that 


arsenic may have on either species (Fujihara et al., 2003). Ingestion 


of arsenic-contaminated water is k­nown to cause sk­in, liver, lung, 


k­idney and bladder cancer in humans (Smith et al., 1992) although 


effects in marine mammals are poorly understood.


Lead was detected in approximately two-thirds of samples at 


relatively low concentrations with concentrations in the liver rang-


ing between 0.003 and 0.1 ug/g wet weight. These concentrations 


are consistent with data reported in the Steller sea lion liver by 


Sydeman and Jarman (1998) and are consistent with those in livers 


from other marine mammals (Zeisler et al., 1993).


Silver was detected in one-third of the samples with the liver 


having a concentration range of 0.027–0.19 ug/g wet weight. How-


ever, the silver concentrations we report are much lower than 


those previously observed. Specif­i­cally, Saek­i et al. (2001) reported 


concentrations of 0.1–1.04 ug/g wet weight, which is substantially 


higher than the concentrations we found (Saek­i et al., 2001). This 


difference is again largely due to age since we sampled pups, while 


that study considered concentrations in adults, demonstrating that 


silver exposure continues with age and is consistent with their f­i­nd-


Table­ 2


Tissue burdens in Western vs. Eastern Steller sea lions pups


Organ Region Na Metal (ug/g)


Agb Al As Cd Hg Pb V


Blubber West 7 ND c 11.03 ± 17.2e (3) 0.77 ± 0.54 (7) 0.0074 ± 0.0022 (1) 0.12 ± 0.24 (7) 0.088 ± 0.16 (2) 1.77 (1)


East 18 0.0047 ± 0.0003 (2) 1.30 ± 0.51 (11) 0.50 ± 0.36 (18) 0.0066 ± 0.0002 (1) 0.036 ± 0.027 (18) 0.028 ± 0.019 (16) ND


Brain West 6 0.0080 ± 0.0023 (3) ND ND ND 0.053 ± 0.047 (5) 0.030 ± 0.033 (4) ND


East 17 0.011 ± 0.0067 (14) 1.37 ± 1.27 (2) ND ND 0.088 ± 0.059 (17) 0.013 ± 0.020 (7) ND


Heart West 4 ND ND 0.19 ± 0.13 (3) 0.012 ± 0.0078 (1) 0.066 ± 0.065 (4) ND ND


East 12 ND ND 0.20 ± 0.080 (7) ND 0.10 ± 0.066 (12) 0.014 ± 0.0093 (5) ND


Kidney West 7 0.0055 ± 0.0021 (4) ND 0.17 ± 0.062 (4) 0.62 ± 1.60 (2) 0.66 ± 0.28e (7) 0.019 ± 0.018 (4) ND


East 19 0.0072 ± 0.010 (7) 1.53 ± 2.01 (3) 0.17 ± 0.037 (9) 0.0069 ± 0.0033 (2) 0.32 ± 0.18 (19) 0.012 ± 0.012 (11) ND


Liver West 7 0.91 ± 0.042 (7) 1.02 ± 0.004 (1) 0.18 ± 0.074 (4) 0.062 ± 0.15 (2) 2.41 ± 3.19e (7) 0.037 ± 0.039e (7) ND


East 19 0.078 ± 0.052 (17) 1.23 ± 0.91 (1) 0.16 ± 0.041 (7) ND 0.55 ± 0.26 (19) 0.0097 ± 0.0034 (9) ND


Lung West 5 ND 0.97 ± 0.34 (3) ND ND 0.073 ± 0.063 (4) 0.15 ± 0.28 (4) ND


East 19 0.0079 ± 0.014 (3) 1.68 ± 2.45 (2) 0.15 ± 0.032 (3) 0.0064 ± 0.00060 (2) 0.17 ± 0.31 (19) 0.021 ± 0.038 (14) ND


Muscle West 0 NAd NA NA NA NA NA NA


East 6 0.012 ± 0.0032 (1) 0.84 ± 0.35 (4) 0.22 ± 0.023 (4) 0.0061 ± 0.0035 (1) 0.22 ± 0.13 (6) 0.029 ± 0.021 (6) ND


Ovary West 1 ND ND ND ND 0.0285 (1) 0.014 (1) ND


East 1 ND 3.73 (1) ND ND 0.057 (1) 0.016 (1) ND


Testes West 3 0.011 ± 0.00020 (1) 4.70 ± 5.98(2) ND ND 0.096 ± 0.070 (3) 0.013 ± 0.00084 (1) ND


East 12 0.011 ± 0.00020 (1) 1.40 ± 0.19 (4) 0.40 ± 0.10 (1) 0.014 ± 0.0017 (1) 0.082 ± 0.061 (12) 0.012 ± 0.0046 (6) ND


 a Number of samples analyzed.
 b Data reflect an average of detectable samples ± standard error. (n), Equals the number of samples with detectable levels.
 c ND, not detectable.
 d NA, not applicable.
 e Statistically signif­i­cant compared to east (p < 0.05).
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ings that silver concentrations in marine mammals correlate with 


age.


3.3. Influ­ence of regi­on on t­i­ssu­e concent­rat­i­ons


We further analyzed the data based on region. The Western 


and Eastern populations had similar tissue metal levels (Table 2), 


with only three statistically signif­i­cant differences. The Western 


population had statistically higher concentrations of mercury in 


the k­idney (p = 0.0013) and liver (p = 0.00131) and lead in the liver 


(p = 0.0075).


Considering the data further and comparing gender and region 


revealed additional differences. The Western male and Eastern male 


populations had seven statistically signif­i­cant differences between 


them (Table 3). The Western male population had statistically 


higher concentrations of aluminum in the blubber (p = 0.0016) and 


Table­ 3


Tissue burdens in Western vs. Eastern male Steller sea lions pups


Organ Region Na Metal (ug/g)


Agb Al As Cd Hg Pb V


Blubber West 4 NDc 17.92 ± 21.0e (2) 0.67 ± 0.61 (4) 0.0065 ± 0.00034 (1) 0.19 ± 0.32e (4) 0.024 ± 0.0075 (1) 1.77(1)


East 12 0.0047 ± 0.0004 (2) 1.33 ± 0.50 (8) 0.44 ± 0.15 (12) 0.0081 ± 0.0029f (1) 0.043 ± 0.031 (11) 0.031 ± 0.022 (11) ND


Brain West 2 0.0062 ± 0.0016 (1) ND ND ND 0.028 ± 0.0032 (2) 0.037 ± 0.048 (1) ND


East 12 0.012 ± 0.0072(10) 1.53 ± 1.49 (1) ND ND 0.099 ± 0.065 (12) 0.010 ± 0.017 (5) ND


Heart West 2 ND ND 0.12 ± 0.055 (1) ND 0.028 ± 0.0057 (2) ND ND


East 9 ND ND 0.20 ± 0.093 (5) ND 0.11 ± 0.075 (9) 0.13 ± 0.011(5) ND


Kidney West 4 0.0065 ± 0.0020 (2) ND 0.14 ± 0.047 (2) 0.015 ± 0.017 (1) 0.70 ± 0.15e (4) 0.017 ± 0.015 (2) ND


East 14 0.0048 ± 0.0011 (4) 1.05 ± 0.25 (2) 0.17 ± 0.042 (7) 0.0062 ± 0.00013 (1) 0.32 ± 0.19 (14) 0.011 ± 0.010 (9) ND


Liver West 4 0.10 ± 0.38 (4) 1.02 ± 0.005 (1) 0.15 ± 0.075 (2) 0.0060 ± 0.00096 (1) 1.44 ± 1.07 (4) 0.036 ± 0.032e (4) ND


East 13 0.080 ± 0.56 (12) ND 0.16 ± 0.036 (4) ND 0.59 ± 0.28 (13) 0.010 ± 0.0031 (6) ND


Lung West 4 ND 0.97 ± 0.39 (2) ND ND 0.084 ± 0.067 (3) 0.18 ± 0.31e (3) ND


East 14 0.0090 ± 0.016(2) ND 0.15 ± 0.028 (2) ND 0.21 ± 0.35 (14) 0.019 ± 0.034 (10) ND


Muscle West 0 NAd NA NA NA NA NA NA


East 4 0.011 ± 0.0039 (1) 0.81 ± 0.43 (2) 0.22 ± 0.029 (4) 0.0068 ± 0.0043 (1) 0.26 ± 0.15 (4) 0.035 ± 0.024 (4) ND


Testes West 3 0.011 ± 0.0002 (1) 4.70 ± 5.98e (2) ND ND 0.096 ± 0.070 (3) 0.013 ± 0.00084 (1) ND


East 12 0.011 ± 0.0002 (1) 1.40 ± 0.19 (4) 0.40 ± 0.10 (1) 0.014 ± 0.0017 (1) 0.082 ± 0.061 (12) 0.012 ± 0.0046 (6) ND


 a Number of samples analyzed.
 b Data reflect an average of detectable samples ± standard error. (n), Equals the number of samples with detectable levels.
 c ND, not detectable.
 d NA, not applicable.
 e Statistically signif­i­cant compared to east (p < 0.05).
 f Statistically signif­i­cant compared to west (p < 0.05).


Table­ 4


Tissue burdens in Western vs. Eastern female Steller sea lions pups


Organ Region Na Metal (ug/g)


Agb Al As Cd Hg Pb V


Blubber West 3 NDc 1.85 ± 0.20(1) 0.91 ± 0.53 (3) ND 0.028 ± 0.013 (3) 0.17 ± 0.25 (1) ND


East 6 ND 1.24 ± 0.59 (3) 0.63 ± 0.60 (6) ND 0.020 ± 0.0028 (5) 0.023 ± 0.014 (5) ND


Brain West 3 0.0092 ± 0.0021 (2) ND ND ND 0.070 ± 0.057(3) 0.025 ± 0.031 (3) ND


East 5 0.0084 ± 0.0048 (4) 0.99 ± 0.26 (1) ND ND 0.064 ± 0.031 (5) 0.019 ± 0.028 (2) ND


Heart West 2 ND ND 0.26 ± 0.17 (2) 0.015 ± 0.011e(1) 0.10 ± 0.081 (2) ND ND


East 3 ND ND 0.18 ± 0.025 (2) ND 0.093 ± 0.034 (3) ND ND


Kidney West 3 0.0042 ± 0.0017 (2) ND 0.20 ± 0.069 (2) 1.42 ± 2.45e (1) 0.62 ± 0.44 (3) 0.022 ± 0.025 (2) ND


East 5 0.014 ± 0.019 (3) 1.53 ± 2.01 (1) 0.17 ± 0.018 (2) 0.0091 ± 0.0065 (1) 0.30 ± 0.13 (5) 0.017 ± 0.018 (2) ND


Liver West 3 0.077 ± 0.052 (3) ND 0.23 ± 0.054 (2) 0.14 ± 0.22e (1) 3.70 ± 4.95e (3) 0.037 ± 0.056 (3) ND


East 6 0.072 ± 0.046 (5) 1.68 ± 1.62 (1) 0.17 ± 0.052 (3) ND 0.46 ± 0.19(6) 0.0092 ± 0.0042 


(3)


ND


Lung West 1 ND 0.97 (1) ND ND 0.030 (1) 0.13 (1) ND


East 5 0.0047 ± 0.000012 


(1)


3.15 ± 4.84 (2) 0.17 ± 0.39 (1) 0.0058 ± 0.0010 (2) 0.048 ± 0.020 (5) 0.029 ± 0.052 (4) ND


Muscle West 0 NAd NA NA NA NA NA NA


East 2 ND 0.89 ± 0.20 (2) ND ND 0.15 ± 0.061 (2) 0.018 ± 0.0040 


(2)


ND


Ovary West 1 ND ND ND ND 0.0285 (1) 0.014 (1) ND


East 1 ND 3.73 (1) ND ND 0.057 (1) 0.016 (1) ND


 a Number of samples analyzed.
 b Data reflect an average of detectable samples ± standard error. (n), Equals the number of samples with detectable levels.
 c ND, not detectable.
 d NA, not applicable.
 e Statistically signif­i­cant compared to east (p < 0.05).







 A.L. Holmes et­ al. / Mari­ne Pollu­t­i­on Bu­llet­i­n 56 (2008) 1416–1421 1421


testes (p = 0.0489), mercury in the blubber (p = 0.0484) and k­idney 


(p = 0.0053) and lead in the liver (p = 0.0369) and lung (p = 0.0309). 


The Eastern male population only had higher concentrations of 


cadmium in the blubber (p = 0.0265) (Table 3). The Western female 


population had statistically higher concentrations of cadmium in 


the heart (p = 0.0199), k­idney (p = 0.0158) and liver (p = 0.0128) and 


mercury in the liver (p = 0.0077) (Table 4). Only aluminum in the 


blubber (p = 0.0393) and cadmium in the liver (p = 0.0461) had a sta-


tistically signif­i­cant interaction between sex and region.


These data are the f­i­rst comparisons of elemental concentra-


tions in the Western and Eastern stock­s of Alask­an Steller sea 


lions. The data suggest that with a few exceptions there are not 


substantial differences in tissue levels between the two popula-


tions, at least with respect to pups. It does not appear that these 


animals are experiencing different exposures as pups, however, 


as noted for several contaminants (e.g. silver, vanadium and cad-


mium) exposures as juveniles or adults can be signif­i­cantly greater. 


Thus, it would be premature to conclude that the exposure of other 


age classes is also similar between the populations. Future work­ 


should consider elemental concentrations in juveniles and adults.


It would be premature to conclude that these exposure levels 


are ‘safe’ or non-toxic simply, because they do not differ between 


the two populations. It is possible that the level of some of these 


contaminants may pose a threat to the health of both populations 


and may be contributing to the decline in the pup population. It 


should be noted that while the Western population has fallen dra-


matically and is now endangered, the Eastern population has been 


experiencing a 3% growth over the last 30 years; however, this 


growth rate is less than expected for maximum growth in pinni-


peds. Interpreting the potential toxicity of these concentrations is 


dif­fi­cult as there are very few data investigating the toxic effects 


of contaminants in Steller sea lions or marine mammals in gen-


eral. Comparisons to rodent and human studies are also dif­fi­cult as 


these studies usually focus on an administered dose and not tissue 


burdens, and it is currently not possible to predict the level of expo-


sure based on measured tissue concentrations. Thus, the data are 


presented here as a baseline study of metal concentrations in Alas-


k­an Steller sea lion pups in several different organs with future tox-


icology studies needed to help put these data in a fuller context.
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