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ABSTRACT: Boreal caribou (Rangifer tarandus caribou) are an ecologically and culturally
important wildlife species and now range almost exclusively in the boreal forests of Canada,
including the Northwest Territories, northern Alberta, and British Columbia. Boreal caribou are
threatened throughout their Canadian range because of direct and indirect natural and
anthropogenic factors. In the Northwest Territories, however, they have a continuous range that
overall has not yet been subjected to the same degree of anthropogenic habitat fragmentation and
degradation that has occurred elsewhere in Canada. To monitor the health of boreal caribou
populations and individuals, we collected blood from 104 adult, female boreal caribou captured
between March 2003 and February 2006 and measured serum biochemical parameters. Serum
creatinine was higher in pregnant than in nonpregnant caribou. Several biochemical parameters
differed among years, but they tended to be similar to those reported for reindeer. Serum
antibodies were found to an alphaherpesvirus, Toxoplasma gondii, and to the Mycobacterium
avium subspecies paratuberculosis in 37.5, 2.9, and 1.3% of boreal caribou, respectively. Fecal
samples were collected from 149 boreal caribou, and Cryptosporidium sp. oocysts, Giardia sp.
cysts, trichostrongyle ova, dorsal-spined nematode larvae, cestode ova, and Eimeria sp. were
found. Trypanosoma sp. was detected in the blood of 72.1% of boreal caribou. Eimeria sp.,
Cryptosporidium sp., and Giardia sp. have not been previously reported in boreal caribou.

Key words: Boreal caribou, clinical chemistry, Northwest Territories, parasitology, Rangifer
tarandus caribou, serology.

INTRODUCTION

Boreal caribou (Rangifer tarandus car-
ibou) currently occur almost exclusively in
Canada and are dispersed throughout the
boreal forest from the Northwest Territo-
ries to Labrador. Unlike barren-ground
caribou, which are gregarious and under-
take large-scale migrations, boreal caribou
are solitary animals that are widely dis-
persed throughout their range (Stuart-
Smith et al., 1997). Boreal caribou are
designated as threatened in Canada (Com-
mittee on the Status of Endangered
Wildlife in Canada, 2002). Industrial
development and large-scale anthropogen-

ic disturbances in boreal caribou habitat
have been implicated in range and popu-
lation declines via increased hunting,
habitat fragmentation and loss, and linear
barriers to movement such as roads (Wec-
law and Hudson, 2004; Vors et al., 2007).
Viral, bacterial, and parasitic diseases can
also affect the boreal caribou population
by increasing susceptibility to predation,
hunting, and accidents, as well as by
causing direct mortality (Lagrue et al.,
2007; Miller et al., 2008). Little is known
about the prevalence of disease agents in
boreal caribou, although there is consid-
erable concern regarding the possible
introduction and effect of diseases, such
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as chronic wasting disease, and parasites,
including Parelaphostrongylus tenuis. In
addition to the paucity of infectious
disease data, there are no reports of basic
health parameters, such as serum bio-
chemistry analytes and serum cortisol
levels, in these animals. Baseline data on
existing diseases in boreal caribou are
necessary to evaluate potential effects of
existing and emerging diseases on popula-
tions and individuals and to determine
appropriate management strategies. Blood
parameters of many species of wildlife are
examined to assess the physical condition
and health status of individual animals and
are useful for assessing disease status,
nutrition and habitat quality, and effects of
environmental stressors (Hanks, 1981). The
method of capture used when collecting
blood samples may have a substantial effect
on certain serum constituents (Marco and
Lavin, 1999) and should be taken into
consideration when evaluating serum bio-
chemistry of free-ranging animals.

Blood and fecal samples were collected
from adult boreal caribou captured in the
northern boreal forest of Canada as part of
an ongoing study on the population ecology
of boreal caribou conducted by the Gov-
ernment of the Northwest Territories. Our
objective was to document boreal caribou
health parameters, including serum bio-
chemistry, serum cortisol levels, serologic
evidence of exposure to a suite of viral and
bacterial pathogens, presence and type of
fecal parasites, and presence of Trypanoso-
ma sp. parasites in blood.

MATERIALS AND METHODS

Collection and preparation of samples

Adult, female boreal caribou (n5139) were
captured using the helicopter net-gun method
in the study area in the southern Northwest
Territories, Canada (Fig. 1), from March 2003
through February 2009. Boreal caribou were
captured in March to April 2003 (n518),
March to April and December 2004 (n535),
March 2005 (n529), January to February 2006
(n528), January 2007 (n515), February 2008
(n56), and February 2009 (n58). Because
boreal caribou populations in the Northwest

Territories, Canada, are contiguous with those
in northern Alberta and British Columbia,
Canada, several animals were captured within
110 km south of the Northwest Territories
border (Fig. 1). In the net-gun capture
method, an animal is located, pursued for
,1 min, maneuvered into position from the
air, and entrapped by a net shot from the net
gun. The helicopter lands, and captured
caribou are hobbled, placed in sternal recum-
bency, examined briefly, and fitted with a
radio collar. Blood taken from the cephalic
vein of 104 caribou captured between 2003
and 2006 was allowed to clot, was centrifuged
at 1,000 3 G for 10 min, and the serum was
frozen at 220 C. Feces were collected from
the rectum of 120 caribou and stored in Whirl-
Pak bags (Nasco, Fort Atkinson, Wisconsin,
USA) at 220 C. Additional fecal samples
(n529) were collected opportunistically from
groups of boreal caribou in the vicinity of
Trout Lake, Northwest Territories, Canada
(60u309N, 120u149W) on seven occasions
between February 2005 and January 2009.
None of these groups were equipped with
radio collars, so they were determined not to
have been sampled previously. The fecal
samples were collected from the ground and
could not be linked to a specific individual.

Serum analysis

Sera were analyzed (Prairie Diagnostic
Services [PDS], Saskatoon, Saskatchewan,
Canada) using a Hitachi 912 analyzer
(n5100; Boehringer Mannheim Corporation,
Indianapolis, Indiana, USA), for sodium,
potassium, bicarbonate, anion gap, calcium,
magnesium, phosphorus, urea, creatinine,
glucose, total bilirubin, c-glutamyltransferase
(GGT), creatine kinase (CK), aspartate ami-
notransferase (AST), total protein, globulin,
albumin, albumin/globulin ratio, and sorbitol
dehydrogenase (SDH), and with an Immunlite
analyzer (n5103; Siemens Medical Solutions
Diagnostics, Los Angeles, California, USA) for
serum cortisol and progesterone. Serum pro-
gesterone was used to determine the pregnan-
cy status of caribou because serum progester-
one has been reported to be elevated in
pregnant reindeer (Rangifer tarandus taran-
dus; Ropstad et al., 2005). Boreal caribou with
a serum progesterone level of .1 ng/ml were
considered to be pregnant.

The presence of Mycobacterium avium
subsp. paratuberculosis antibody was assessed
using an antigen-absorbed enzyme-linked im-
munosorbent assay (ELISA; IDEXX, West-
brook, Maine, USA) on serum (n576) accord-
ing to the manufacturer’s recommendations.
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This test has not been validated for use in
caribou. Positive animals had a sample to
positive ratio (S/P) of 0.25 or greater. Serum-
neutralization was used to assess the occur-
rence of Bovine parainfluenza 3 (n5103),
Bovine viral diarrhea virus (BVDV; n5103),
and Bovine herpesvirus 1 (BoHV-1; n5104)
antibodies (field strain, Singer type I strain,
and field strain, respectively). These tests are
used by the laboratory routinely in cattle but
have not been validated for use in caribou.
Prevalence of serum antibody to Toxoplasma
gondii (n5104) was determined using an
indirect agglutination test (Wampole Labora-
tories, Princeton, New Jersey, USA) using a
cutoff value of 1:64 per manufacturer’s in-
struction. There is no information available on
the specificity and sensitivity of this test for the
diagnosis of toxoplasmosis in caribou. Sera
(n543) were tested for antibodies to Brucella
sp. (Animal Disease Research Institute, Leth-
bridge, Alberta, Canada) using buffered-plate
antigen, complement fixation, and tube agglu-
tination tests (Stemshorn, 1985; Stemshorn et
al., 1985).

Trypanosome isolation

Blood samples from boreal caribou in 2003
(n517), 2004 (n530), and 2005 (n521) were
collected into tubes containing ethylenedi-
aminetetraacetic acid (EDTA). Cultures for

trypanosomes were done as described by
Lefebre et al. (1997), with the following
modifications: The blood was centrifuged at
400 3 G for 30 min at 5 C. The buffy coat was
collected into a 15-ml tube, and erythrocytes
were lysed with the addition of 9 ml of sterile,
distilled water. After end-over-end mixing of
the tube for 15 sec, 1 ml 103 phosphate-
buffered saline (PBS) was added. The super-
natant was removed after centrifugation at 400
3 G for 10 min. The remaining white blood
cells were resuspended in 2 ml of complete
RPMI-1640 medium (Sigma Aldrich, St.
Louis, Missouri, USA) supplemented with
penicillin, streptomycin and L-glutamine, and
10% heat-inactivated fetal bovine serum,
containing 5 mg phytohemagglutinin/ml. This
suspension was added to 96-well culture plates
with 200-ml wells. Eight duplicates per sample
were cultured at 37 C in an atmosphere
containing 5% CO2. Cultures were checked
daily for the presence of parasites under an
inverted microscope.

Fecal sample analysis

Fecal samples were examined at PDS
(n565) and Bow Valley Research Inc. (Cal-
gary, Alberta, Canada; n584) for Giardia sp.
cysts and Cryptosporidium sp. oocytes by a
sucrose gradient (Olsen et al., 1997). Samples
were also analyzed at PDS (n557) using a

FIGURE 1. Map of the study area in northern Canada where boreal caribou were captured, 2003–2009.
Map in the upper left corner is a map of Canada showing the location of the study area.
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Wisconsin double centrifugal-floatation proce-
dure with saturated sucrose as the floatation
medium (Cox and Todd, 1962) for nematode
and cestode ova and Eimeria sp. oocysts.
Helminth eggs were phenotypically identified
as trichostrongyle-type ova or Moniezia sp.
ova. Fecal samples (n584) were analyzed at
Bow Valley Research for nematode and
cestode ova using a double centrifugal-floata-
tion technique (Cox and Todd, 1962). Proto-
strongylid larvae and dorsal-spined larvae were
detected using the Baermann technique (For-
rester and Lankester, 1997) at PDS (n557)
and the centrifugal-floatation procedure at
Bow Valley Research (n584).

Statistical analysis

Statistical analysis was undertaken using
Statistix 8 (Analytical Software, Tallahassee,
Florida, USA). A Kruskal-Wallis test was used
to compare serum biochemistry values among
years, and a significant result was followed by
an all-pairwise comparison on the mean ranks.
Data were analyzed for normality using the
Shapiro-Wilks test, and biochemistry values
are presented as the central 95% fraction
(Solberg, 1987), mean, median, and standard
deviation, determined with Stata Version 10
(StataCorp, College Station, Texas, USA).

SPSS Statistics 16.0 (SPSS Inc., Chicago,
Illinois, USA) was used to compare serologic
test results and fecal parasite loads among
years. These data were analyzed with a
Fisher’s exact test or a x2 test. Statistical
significance was set at if P#0.05.

RESULTS

All sampled caribou appeared healthy
when examined in the field. Serum
biochemistry analytes are presented in
Tables 1 and 2. The mean6SD serum
progesterone in caribou determined to be
pregnant (n593) was 6.1862.44 ng/ml,
compared with 0.460.3 ng/ml in caribou
determined not to be pregnant (n510).
Creatinine was higher in pregnant than in
nonpregnant animals (P50.022), but there
were no other differences between ana-
lytes from pregnant and nonpregnant
caribou. Preliminary statistical analysis
detected several interyear differences in
biochemical parameters; therefore, inter-
year variation was examined (Table 2).
Cortisol was significantly higher in 2003

TABLE 1. Serum biochemical parameters for free-ranging, adult, female boreal caribou captured in 2003–
2006 by net gun in northern Canada.a

Parameter Range (central 95%) Mean Median SD

Sodium (mmol/l)b 93.3–169.9 143.36 146 13.65
Potassium (mmol/l)b 3.00–7.95 4.53 4.3 1.15
Chloride (mmol/l)b 55–106.33 90.92 94 11.9
Bicarbonate (mmol/l)b 3.53–17.43 8.66 8 3.55
Calcium (mmol/l)b 1.64–3.15 2.59 2.64 0.29
Phosphorus (mmol/l) 0.73–2.53 1.72 1.73 0.42
Magnesium (mmol/l)b 0.62–1.40 1.09 1.11 0.14
Urea (mmol/l)b 1.05–4.34 1.98 1.8 0.81
Creatinine (mmol/l) 122.68–294.13 211.79 211.5 39.97
Glucose (mmol/l) 4.06–12.95 8.27 8.1 2.43
Total bilirubin (mmol/l) 0.53–5 2.51 3 0.96
GGT (U/l)b 6.53–84.9 24.39 20 17.07
CK (U/l)b 95.73–1613.8 439.41 286 914.75
AST (U/l)b 42.05–162.65 81.6 77 25.69
Total protein (g/l)b 45.05–86.33 70.73 71 8.76
Albumin (g/l)b 27.58–46 38.56 39 3.97
Globulin (g/l) 17.05–44.95 32.17 32 6.39
Albumin/globulin ratiob 0.881–1.77 1.24 1.21 0.28
SDH (U/l)b 4.16–11.38 4.13 4 3.08
Cortisol (mmol/l)b 64.2–362.6 169.93 161 65.04

a GGT 5 c-glutamyltransferase; CK 5 creatine kinase; AST 5 aspartate aminotransferase; SDH 5 sorbitol
dehydrogenase.

b Not normally distributed.
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and 2006 than in 2004 and 2005
(P,0.0001). Sodium was significantly
higher in 2004 compared with all other
years (P50.0001), and potassium was
higher in 2003 and 2006 than in 2004
(P50.003). Urea was significantly higher
in 2003 than in all other years (P,0.0001),
and creatinine was higher in both 2003
and 2004 than in 2006 (P,0.0001).
Caribou in 2006 had higher serum glucose
than in 2004 and 2005 (P50.002). Crea-
tine kinase was higher in 2004 than 2005
and 2006 (P50.007), total bilirubin was
higher in 2004 compared with 2005
(P50.0004), and SDH was significantly
higher in 2005 compared with all other
years (P50.0001).

No boreal caribou had antibodies to
BVDV or to Bovine parainfluenza virus 3
(Table 3). All sera tested for antibodies to
Brucella sp. using complement fixation,
buffered-plate antigen, and standard tube
agglutination tests were also negative.

Antibodies to Mycobacterium avium
subsp. paratuberculosis was found in 1%

(1/76) of the animals. Exposure to Toxo-
plasma gondii was demonstrated in 2.9%

(3/104) of the caribou. Animals found
positive had titers between 1:256 and
1:512. Fourteen sera with equivocal re-
sults on the indirect agglutination test
were considered negative. Antibodies to
BHV-1 were detected in 37.5% (39/104)
of boreal caribou with titers ranging from
1:6 to 1:152. There was no significant
difference in antibody prevalence among
years.

Mycobacterium avium subsp. paratu-
berculosis was not isolated on fecal culture
(n583), including the single animal that
was antibody-positive (Table 3). Eimeria
spp. oocysts were detected in 7/141 (5.0%)
fecal samples. Trichostrongyle-type ova
were detected in 87/141 (61.7%), dorsal-
spined larvae were found in 8/141 (5.7%),
and cestode ova were detected in 5/141

TABLE 3. Serology and parasitology test results for free-ranging, adult, female boreal caribou from
northern Canada.a

Disease agent Method
No. positive/

No. examined %

Mycoplasma avium subsp.
paratuberculosis Antigen-absorbed ELISAb 1/76 1

Bovine herpesvirus 1 (BHV-1) Serum-neutralizing testb 39/104 37.5
Bovine viral diarrhea virus (BVD) Serum-neutralizing testb 0/103 0.0
Bovine parainfluenza virus 3 (PI3) Serum-neutralizing testb 0/103 0.0
Toxoplasma gondii Indirect agglutination testb 3/104 2.9
Brucella sp. Buffered-plate antigen testb 0/43 0.0
Brucella sp. Standard tube agglutination testb 0/43 0.0
Brucella sp. Complement fixationb 0/43 0.0
Trichostrongyle-type ova Centrifugal-floatationc 87/141 61.7
Eimeria sp. oocysts Centrifugal-floatationc 7/141 5.0
Moniezia sp. ova Centrifugal-floatationc 5/141 3.5
Dorsal-spined larvae Centrifugal-floatationc 8/141 5.7
Protostrongylid sp. larvae Centrifugal-floatationc 0/57 0
Giardia sp. cysts Sucrose gradientc 3/149 2.0
Cryptosporidium sp. oocysts Sucrose gradientc 2/149 1.3
Mycoplasma avium subsp.

paratuberculosis Culturec 0/83 0
Trypanosoma sp. Cultured 49/68 72

a ELISA 5 enzyme-linked immunosorbent assay.
b Sample was serum.
c Sample was feces.
d Sample was buffy coat.
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(3.5%) fecal samples. Giardia sp. cysts
were found in 3/149 (2.0%) and Crypto-
coccus sp. oocysts were detected in 2/149
(1.3%) fecal samples. Protostrongylid lar-
vae were not detected. There was no
difference among years in the proportion
of fecal samples with Moniezia sp. ova
(P.0.05). A greater proportion of samples
collected in 2003 had dorsal-spined larvae
in fecal samples than in all other years,
except 2006. The proportion of samples
with trichostrongyle-type ova was signifi-
cantly higher in 2004 than in all other
years, and a greater proportion of samples
were positive for trichostrongyle-type ova
in 2005 and 2006 than in 2008 and 2009.

Trypanosoma sp., morphologically re-
sembling organisms of the subgenus
Megatrypanum (Lefebvre et al., 1997),
were detected in 49/68 (72%) of the
caribou blood samples. There was no
significant difference between the preva-
lence of Trypanosoma sp. in samples
collected in 2003 and 2004 or 2005, but
a higher prevalence was found in 2005
compared with 2004.

DISCUSSION

We report the first serum biochemistry
values for boreal caribou in northern
Canada. Several studies have evaluated
changes in hematologic and biochemical
serum values caused by nutrition, season,
age, and pregnancy status in reindeer
(Nieminen, 1980; Soveri et al., 1992) and
in barren-ground caribou (McEwan,
1968), but no similar studies, to our
knowledge, have been carried out for
boreal caribou.

Serum biochemistry

Serum creatinine levels in boreal cari-
bou in our study area were comparable to
those reported in reindeer (Nieminen,
1980). Creatinine levels were higher in
pregnant caribou compared with nonpreg-
nant animals. Nieminen (1980) reported
no difference between creatinine mea-
sured during and after pregnancy in

reindeer; however, elevated serum creat-
inine has been reported in pregnant cattle
during the third to seventh month of
pregnancy, which may be associated with
muscular damage in the dam (Tainturier
et al., 1984). Serum creatinine concentra-
tions were lowest in boreal caribou
captured in 2006. Because creatinine
levels can change seasonally in wild
ruminants (Sakkinen et al., 2001), these
levels may reflect the late winter capture
of these boreal caribou as opposed to
capture in early spring. Serum calcium,
magnesium, and phosphorus values of
boreal caribou are comparable to values
for adult, female reindeer (Nieminen,
1980). Serum albumin concentration re-
ported here are comparable to those
reported for adult reindeer and calves
(Nieminen, 1980; Soveri et al., 1992).

Blood urea nitrogen concentration was
greater in boreal caribou in 2003. Urea
concentration in serum can be used, in
conjunction with other clinical pathology
data, as an indicator of renal function, and
it also fluctuates with nutritional status
and diet (Lopez-Olvera et al., 2006). The
mean urea concentration presented here
is much lower than that reported for adult
female reindeer (Nieminen, 1980) but is
comparable to that of reindeer calves in
late winter and early spring (Soveri et al.,
1992) and wild red deer (Cervus elaphus;
Marco and Lavin, 1999).

Cellular damage to skeletal, cardiac, or
smooth muscle myocytes increases serum
CK activity (Stockham and Scott, 2002).
The differences detected in serum CK
among years may be due, in part, to
enzymatic induction because of capture
and handling. Therefore, reporting an
accurate reference interval for free-rang-
ing boreal caribou is difficult. The refer-
ence interval reported here for the com-
bined data is extremely wide, and the
standard deviation is large, consistent with
other studies evaluating serum chemistry
values in captured wild ungulates (Marco
and Lavin, 1999).

In this study, all boreal caribou were
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captured using the net-gun method, so
variation in biochemical values because of
the use of different capture methods was
avoided. The method of capture, however,
may be reflected in changes in certain
serum biochemical parameters of wildlife
and should be taken into consideration
when evaluating or comparing serum
chemistry from different groups or among
studies. Differences in serum parameters
from wild ungulates captured by physical
or chemical means have been reported in
several species of wild ungulates, includ-
ing red deer (Marco and Lavin, 1999) and
white-tailed deer (Odocoileus virginianus;
Wesson et al., 1979). Marco and Lavin
(1999) reported significant elevations in
serum ALT, total protein, albumin, sodi-
um, and chloride in red deer captured by
physical means compared with those from
deer that were chemically immobilized.
Physically restrained, ‘‘untrained’’ chital
deer (Axis axis) had elevated serum AST
and CK levels, which were attributed to
muscle damage sustained by ‘‘excited’’
deer that were not used to handling
(Chapple et al., 1991). Physical handling
and restraint of wild animals elevates
serum cortisol levels (Sakkinen et al.,
2004), and serum cortisol levels depend
on the method of capture, previous
experience of the animals, age, and sex
(Morton et al., 1995). Serum glucose
values reported here are higher than those
reported for reindeer calves and adults
and for pregnant domestic cattle and are
comparable with those of wild, physically
captured red deer (Nieminen, 1980;
Tainturier et al., 1984; Soveri et al.,
1992; Marco and Lavin, 1999). The
elevated values may be due to the
hyperglycemic effects of catecholamines
and glucocorticoids released during cap-
ture (Spraker, 1993). Higher glucose
levels in caribou compared with other
ruminants may also be a characteristic that
facilitates survival in harsh winter condi-
tions (Nieminen, 1980).

Although a comparison of the effects of
capture method on serum biochemical

parameters was not a goal of this study,
parameters that may be affected by the
methods of physical capture are highlight-
ed here. These values should be treated as
specific to physically captured boreal
caribou because it is essential to take into
account the method of capture when
evaluating or comparing these parameters
with caribou captured or restrained using
other methods.

Serology

The prevalence of antibodies to BHV-1
in caribou from the Northwest Territories
(37.5%) is similar to that of boreal caribou
in Alberta (52%; Tessaro et al., 2005) and
Saskatchewan (55%; Jordon et al., 2003),
Canada. Boreal caribou in the Northwest
Territories are exposed to either BHV-1 or
another virus antigenically similar to BHV-
1. Antibodies to BHV-1 also have been
reported in woodland caribou (Rangifer
tarandus caribou) in Quebec, Canada
(Elazhary et al., 1981), and Alaska, USA
(Dieterich, 1981). The identity of the
herpesvirus(es) responsible for production
of antibodies in these populations of
caribou remains unknown. Tessaro et al.
(2005) isolated an alphaherpesvirus from
elk (Cervus elaphus), but determined that
the herpesvirus infection in boreal caribou
in Alberta, Canada, was unlikely to be
either BHV-1 or elk herpesvirus and
hypothesized that there may be a cari-
bou-specific alphaherpesvirus in the Ca-
nadian woodland caribou population.

Infection with Mycobacterium avium
subsp. paratuberculosis has been reported
in many wild ruminants including elk and
bison (Bison bison; Crawford et al., 2006;
Sibley et al., 2007). Mycobacterium avium
subsp. paratuberculosis was not cultured
from any boreal caribou fecal samples, and
only a few acid-fast rods were seen on one
fecal smear. Acid-fast staining of fecal
samples has low sensitivity and specificity,
and the sensitivity of fecal culture varies
because the rate and quantity of shedding
may change over time (Manning, 2001).
Given the accuracy of the tests currently
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available, the ability to detect exposure to
or infection with the organism in boreal
caribou is lacking. However, potential
exposure to M. avium subsp. paratuber-
culosis and the possible effects of infection
on the health of boreal caribou should be
investigated further.

Parasitology

Clinical disease associated with Toxo-
plasma gondii has not been reported in
free-ranging caribou (Kutz et al., 2001);
however, experimental infection of rein-
deer caused acute, severe, and fatal
hemorrhagic enteritis (Oksanen et al.,
1996), and fatal transplacental toxoplas-
mosis has been reported in a naturally
infected reindeer (Dubey et al., 2002).
Toxoplasma gondii poses a potential pub-
lic health risk for humans handling or
consuming raw meat from infected ani-
mals, and further study of definitive hosts
for this parasite in northern ecosystems, as
well as the host range, distribution, and
intensity of infection in boreal caribou, is
needed.

Eimeria sp. has not been reported in
boreal caribou in the Northwest Territo-
ries, Canada, although several species of
Eimeria have been detected in wild
Icelandic reindeer (Gudmundsdottir and
Skirnisson, 2006). We detected Eimeria
sp. oocysts in fecal samples from boreal
caribou in this study, but because we did
not characterize the oocysts further, we do
not known if the Eimeria spp. are one or
more of the already identified species.
Cryptosporidium sp. infection has been
reported in a number of wild cervids,
including moose (Alces alces), red deer
and elk, roe deer (Capreolus capreolus),
white-tailed deer (Hamnes et al., 2006),
and caribou (Rangifer tarandus granti)
from Alaska, USA (Siefker et al., 2002).
We found Cryptosporidium sp. oocysts in
boreal caribou, indicating caribou are
exposed to Cryptosporidium sp. in the
southern portion of their range in the
Northwest Territories, Canada. Giardia
sp. cysts were recovered from boreal

caribou in this study, and this is the first
report of Giardia in boreal caribou. Molec-
ular studies were not performed on the
Giardia sp. or Cryptosporidium sp. isolates,
and further genotyping of isolates from
boreal caribou would be useful.

Trichostrongylidae, including Nemato-
dirus sp., Ostertagia sp., and Teladorsagia
sp., have been recognized in Rangifer sp.,
and although the intensity of some infec-
tions is suspected to be sufficient to
adversely influence host productivity, this
has yet to be substantiated (Hoberg et al.,
2001). The presence of trichostrongyle-
type ova in boreal caribou fecal samples
indicates that Ostertagia gruehneri, Tela-
dorsagia boreoarcticus, or both, are pres-
ent in boreal caribou in the Northwest
Territories, Canada. Both parasites are
known to occur in populations of barren-
ground caribou (Hoberg et al., 2001), but
this is the first report of these parasites in
boreal caribou.

Protostrongylid nematodes cause recog-
nized disease syndromes in ungulates and
have been implicated in the declines in
wildlife populations (Kutz et al., 2007). In
North America, five genera of protostron-
gylids parasitize artiodactyls: Elaphostron-
gylus, Parelaphostrongylus, Muellerius,
Umingmakstrongylus, and Varestrongylus
(Jenkins et al., 2005; Kutz, et al., 2007),
and all produce characteristic dorsal-
spined larvae. Larvae of Parelaphostron-
gylus odocoilei, a muscle worm, have been
identified in this population of boreal
caribou (Jenkins et al., 2005). In addition,
P. odocoilei has been isolated from boreal
caribou in several locations in Alberta, and
P. andersoni has been found in barren-
ground caribou in the Northwest Territo-
ries and in caribou in Labrador, suggesting
that these parasites are widespread in
woodland caribou of central and north-
central Canada (Gray and Samuel, 1986;
Lankester and Hauta, 1989; Jenkins et al.,
2005; Kutz et al., 2007). Although P.
odocoilei is most likely responsible for
the protostrongylid larvae seen in these
caribou, concurrent or mixed infection
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cannot be ruled out without further
molecular diagnostics.

The cestode ova found in the boreal
caribou in this study were identified as
Moniezia sp. Anoplocephalid tapeworms
appear to have little effect on the health of
infected animals (Elliott, 1986); however,
heavy infections may cause unthriftiness
and mild digestive disturbances (Radostits
et al., 2000). Moniezia sp. has been
reported previously in Rangifer spp. in
Canada and Europe (Fruetel and Lanka-
ster, 1989).

Similar to boreal caribou in Alberta,
Canada (Lefebvre et al., 1997), we found a
high prevalence of trypanosomes in boreal
caribou from the Northwest Territories,
Canada. Trypanosoma sp. belonging to the
subgenus Megatrypanum have been de-
scribed in wild cervid species, including
reindeer (Kingston et al., 1982) and
woodland caribou (Lefebvre et al., 1997).
Trypanosoma sp. identified in cervids
appears to be distinct from the megatry-
panosome of bovids (Trypanosoma thei-
leri) and has been designated Trypanoso-
ma cervi (Kingston and Morton, 1975;
Kingston et al., 1982; Lefebvre et al.,
1997). To date, no evidence of pathoge-
nicity caused by infection with Megatry-
panum has been noted in any cervid
species (Kingston et al., 1982; Lefebvre
et al., 1997).

We report the first serum biochemistry
values, to our knowledge, for boreal
caribou, as well as baseline disease data
for boreal caribou in the Northwest
Territories, Canada. Serum biochemistry
values are an important measure of health
in animals and may be altered depending
on factors such as nutritional status,
disease, life history, stress, and capture.
Wildlife health parameters—such as se-
rum biochemistry parameters—are valu-
able when evaluating the potential impact
of existing or emerging diseases on popu-
lations or individuals. Similarly, baseline
data on exposure to, or infection with,
potentially pathogenic or zoonotic organ-
isms are essential when assessing the

health of a wildlife population. The
presence of several previously unreported
parasites in these caribou, as well as
evidence of exposure to an unknown
herpesvirus and to Toxoplasma gondii,
emphasizes the need for further health
and disease monitoring in boreal caribou.
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