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California serogroup viruses, including Jamestown Canyon virus (JCV) and snowshoe hare virus (SSHV), are mosquito-borne
members of the Bunyaviridae family and are endemic across North America. These arboviruses are potential pathogens which
occasionally cause neuroinvasive disease in humans and livestock. A neutralization assay was used to document JCV and SSHV
seroprevalence using blood collected from a variety of domestic and wildlife host species. These species were sampled in an is-
land setting, Newfoundland, which contains diverse ecoregions, ecological landscapes, and habitats. Seroprevalence rates for
each virus differed significantly among host species and within certain species across different geographic areas. JCV was signifi-
cantly associated with large mammals, and SSHV was significantly associated with snowshoe hares. Seroprevalence rates in the 5
species of animals tested for prior exposure to JCV ranged from 0% in snowshoe hares to 64% in horses. Seroprevalence rates for
SSHV ranged from less than 1% in bovines to 55% in all snowshoe hares. The seroprevalence of SSHV differed significantly (P <
0.05) among hares occupying the discrete habitats of watersheds separated by 14 to 35 km. Cattle on farms in boreal forest land-
scapes displayed significantly higher JCV seroprevalence (P < 0.001) than those on farms located in seacoast landscapes. Life-
long geographic isolation of cattle to insular Newfoundland was associated with significantly lower JCV seroprevalence (P <
0.01) than that for cattle which had lived off-island.

Snowshoe hare virus (SSHV) and Jamestown Canyon virus
(JCV) are mosquito-borne pathogens belonging to the Cali-

fornia serogroup of bunyaviruses (genus Orthobunyavirus, family
Bunyaviridae). Characteristic of bunyaviruses, these viruses are
enveloped and composed of three single-stranded negative-sense
RNA segments. SSHV and JCV multiply in both vertebrates and
arthropods and are transmitted in saliva to a vertebrate host when
an infected arthropod takes a blood meal (3, 5). SSHV and JCV are
also potential pathogens that are capable of causing neuroinvasive
disease and other illnesses in both humans and livestock (4, 17).
Although related as members of the California serogroup, SSHV
and JCV are antigenically and phylogenetically distinct California
serogroup viruses (CSV) exhibiting nucleotide and amino acid
sequence divergence of 20 to 30% when small (S) and medium
(M) RNA segments are compared (11).

Serology is a tool routinely used to determine the exposure of
an animal to a virus. It identifies the presence of antibodies to a
specific virus produced by the host organism. Previous serological
studies have determined the range of California serogroup agents
in Canada (5), including Manitoba (26), Ontario (7), New Bruns-
wick, Nova Scotia, and Prince Edward Island (15, 27, 28). In New-
foundland and Labrador, an initial serosurvey (29) confirmed the
circulation of SSHV and JCV in Newfoundland, with seropreva-
lence rates of 8.6%, 20.9%, and 54.5% in humans, horses, and
hares, respectively. Past mosquito surveys conducted in New-
foundland have detected the presence of several species that trans-
mit CSV (21, 29, 32, 33, 39). Common among these confirmed
vectors of JCV and SSHV are Ochlerotatus canadensis, Ochlerota-
tus communis, Ochlerotatus excrucians, and Ochlerotatus punctor
(2, 5). Other known CSV vectors recorded on the island include

Culiseta morsitans, Culiseta melanura, Aedes cinereus, and many
other mosquito species of low frequency of occurrence.

While many wild and domestic mammal species have been
shown to be seropositive for CSV (5, 17) and can be referred to as
“sentinels” for virus circulation, the majority of these probably do
not develop significant viremias and therefore contribute insigni-
ficantly to virus amplification. However, snowshoe hares, squir-
rels, and small mammals are generally considered the primary
amplification hosts of SSHV (5). White-tailed deer are the pri-
mary reservoir and amplifying hosts of JCV where they occur, and
wild free-ranging ungulates such as moose and bison are believed
to be the primary reservoir and amplifying hosts of JCV in other
locations (17, 18, 19, 22). Studies evaluating host feeding patterns
in various mosquito species which transmit JCV and SSHV also
indicate that these vectors acquire blood meals from deer and
small mammals such as squirrels and chipmunks (30). Molecular
DNA analyses of blood meals have also identified mule deer and
elk as hosts for snow-melt mosquitoes that carry JCV (31).

The transmission and spread of viral agents are influenced by
both the demographics of host populations and the geographic
structures of the environments they occupy (23). Viruses are pres-
ent in all environments, but the significance of their ecological
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roles can best be understood in marine ecosystems such as those in
which virus-induced mortality of microorganisms promotes the
turnover of dissolved organic matter and influences global bio-
geochemical cycles (34, 37). Less is known of the ecological roles of
viruses in most ecosystems. Temporal changes in climate and ar-
thropod habitat can influence the movement of viral agents (10).
Viruses, like other disease agents of animals, have enormous ca-
pability for rapid evolution and dissemination (12).

Islands have previously provided instructive settings to under-
stand the dissemination and abundance of organisms (25, 36).
Newfoundland is a large island (108,860 km2) located in the
northwest Atlantic Ocean. It has 9 distinct ecological regions (14).
This environmental heterogeneity makes it an ideal setting to con-
duct surveillance on the transmission and spread of viral agents
and the factors that might influence these during a period of en-
vironmental change.

The purpose of this study was to better understand the ecolog-
ical basis of CSV seroprevalence on this large island landscape.
First, we needed to measure the prevalence and significance of
these viruses in a number of potential host species. Blood samples
were collected from a range of agricultural and wildlife species in
Newfoundland and Labrador. Samples seropositive for SSHV and
JCV antibodies were analyzed to assess the role of different domes-
tic animals and wildlife as hosts or sentinels of these viruses. The
collection of data across several species was also the best approach
to determine if exposure to these agents might result in clinical
cases of California serogroup encephalitis or other animal disease.

Investigation of the latter involved examination of the geo-
graphic variation in the seroprevalence of these viruses. Compar-
ison of viral activities among different ecological regions within
the island provided the opportunity to examine how concepts of
landscape ecology relate to viruses. Data from 3 host species were
used separately to examine variation at broad spatial scales in se-
roprevalence of these viruses. Blood sera were collected in 2008
from horses on the Avalon Peninsula in eastern Newfoundland
and the Humber River Basin in western Newfoundland, 2 large
and different ecological landscapes separated by more than 300
km. Variation at a smaller scale within one ecoregion was exam-
ined using blood sera collected from wild snowshoe hare popula-
tions at three habitats in western Newfoundland. These samples
were collected from animals in different watersheds separated by
15 to 35 km. The third data set of serum antibodies was available
from a subset of bovines (dairy cattle) born and raised on the
island and distributed on seven farms in western Newfoundland.
These farm settings were selected to permit comparisons of sero-
prevalence in animals located at farms in two ecologically different
landscapes, an inland boreal freshwater catchment and a marine
coastline.

Finally, the island setting of this research also facilitated a test
of the effect of isolation on the seroprevalence of CSV activity.
Levels of seroprevalence of JCV and SSHV in animals living geo-
graphically isolated on the island of Newfoundland were com-
pared with those in animals which have traveled off-island to the
mainland of North America. This was tested using separate data
sets for dairy cattle and horses from western Newfoundland. This
analysis was designed to determine if the 95-km-wide marine Gulf
of St. Lawrence provides any degree of isolation from these CSV
pathogens.

MATERIALS AND METHODS
Study design. The primary blood sampling was done during the fall of
2008 at sites, i.e., farms, on the west coast of the island of Newfoundland.
These cattle and mink farms were participants in a routine agricultural
herd health monitoring protocol. Farms where data were collected were
selected so as to represent contrasting ecological environments. Wildlife
blood serum samples were simultaneously collected in a study designed to
sample snowshoe hares distributed in three discrete watershed habitats. In
order to increase the range of potential CSV host species considered, the
original design was supplemented by a selection of random samples of
frozen sheep blood sera collected across the island in 1997 and held in an
archival serum bank (�70°C) at the Animal Health Division of the New-
foundland and Labrador (NL) Department of Natural Resources. Horse
serum samples collected within the Humber River Basin in western New-
foundland for host species consideration were compared with samples
collected in the Avalon Peninsula region located on the eastern end of the
island. Figure 1 indicates the locations of the species sampled in 2008.
Protocols for the blood sampling and restraint of domestic animals and
the capture and release of wildlife were submitted for animal care review
and approval at Memorial University.

Blood samples (10 ml) from horses were drawn by regional veterinar-
ians. Twenty-four originated on the Avalon Peninsula in eastern New-
foundland and 27 were collected within the Humber River Basin on the
west coast of the island. These locations represent distinct ecological re-
gions over 300 km apart. These samples were taken to a laboratory facility
where serum and cell fractions were separated within 24 h using a clinical
centrifuge. The serum fraction was transferred to replicate labeled test
tubes and frozen at �29°C. Within 4 weeks, these frozen samples were
shipped to the NL Animal Health Division serum bank for permanent
archive. Within 1 month, one serum sample from each animal tested was
sent to the Viral Zoonoses section at the National Microbiological Labo-
ratory (NML) of the Public Health Agency of Canada in Winnipeg for
serological analysis.

Horses lived under a variety of conditions, from solitary to being
housed in riding stables or as a herd on summer pasture. Each animal
owner provided a signed consent form which identified details of this
study and assigned authority for use of sera collected.

Thirty dairy cattle were sampled from each of 9 farms along the west
coast of Newfoundland by regional veterinarians during the course of
routine dairy herd health monitoring in 2008. Samples were processed as
previously described. Three replicate samples were forwarded to the pro-
vincial serum bank for archive, one of which was couriered to the NML for
analysis. Samples from 253 cattle collected in 2008 and 66 collected during

FIG 1 Blood sample locations near the Humber River Basin in western New-
foundland in 2008. Samples from horses were collected within this region and
on the Avalon Peninsula, over 300 km eastward. Random samples of frozen
sheep blood sera collected across the island in 1997 were obtained from an
archival serum bank (�70°C) at the Animal Health Division of the Newfound-
land and Labrador (NL) Department of Natural Resources in St. John’s.
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2000 to 2003 and maintained in the serum bank were analyzed for total
CSV seroprevalence.

Two hundred two blood samples (1.0 ml) were collected from 2 com-
mercial mink farms in western Newfoundland by researchers at Grenfell
Campus of Memorial University with the assistance of herd managers.
Blood samples were centrifuged, and sera were frozen in 0.5-ml aliquots
and transported as previously described.

Twenty individual wild snowshoe hare blood samples were available to
include in the analyses. These were obtained using live traps at 3 field sites,
located in 3 different watersheds in western Newfoundland. Corner Brook
Lake, Pynn’s Brook, and Hughes Brook are characterized by black spruce-
kalmia forest, mixed hardwood forest, and balsam fir and black spruce-
balsam fir forest. These habitats are separated by distances ranging from
14 to 35 km. The live trapping caught 5, 9, and 6 hares in each watershed,
respectively. This trapping involved visiting baited traps on a daily sched-
ule, drawing 1.0-ml blood samples, and releasing the wild caught hares
unharmed. Confirmation of the success of this method was provided by
inspection of healthy retrapped marked hares over 2 weeks later. Blood
sera were processed as described above.

In order to increase the number of sentinel species considered by this
study, 119 frozen sheep sera collected in 1997 and stored in the blood
serum bank (�70°C) were also submitted for analyses.

As farm biosecurity around the risk of disease transmission among
farms was a concern, biosecurity protocols ranging from boot dips and
hand sanitation to the use of disposable overalls and bootees were em-
ployed as required during sampling.

Analyses: identification of samples seropositive for viral antibodies.
The NML screened the sera for the presence of SSHV and JCV neutraliz-
ing antibodies. Testing was carried out using a plaque reduction neutral-
ization test (PRNT) at 1:20 dilutions of the collected sera for initial screen-
ing for CSV antibody (8). In brief, mixtures of virus (either SSHV or JCV)
and dilutions of animal serum were incubated at 37°C for 1 h in tissue
culture media and then added to 6-well plates containing Vero cell mono-
layers. After the plates had been incubated at 37°C for 1 h, a nutrient agar
overlay was added. The plates were placed in a CO2 incubator for approx-
imately 3 days, after which another overlay, containing neutral red as a
vital stain, was added. The plates were then checked periodically over the
next 1 to 2 days for plaque formation. Serum samples inhibiting at least
90% of possible plaque formation relative to virus controls were deemed
positive for CSV antibodies. Further endpoint titrations following serial
dilutions were carried out to differentiate between exposures to SSHV or
JCV using a �4-fold determination to identify specific virus antibodies
and exposures. The highest serum dilution with a plaque reduction of at
least 90% was defined as the titration endpoint.

Statistical analyses. Contingency table analyses (41) were used ini-
tially to compare the prevalences of CSV antibodies in samples of blood
sera collected from cattle, horses, mink, sheep, and snowshoe hares. The
proportion of blood sera positive for antibodies was used as the measure
of prevalence. The initial null hypothesis considers the prevalence of ex-
posure to CSV equal in all species tested. A chi-square test of indepen-
dence was applied to the actual frequencies of positive data and sample
sizes for each species.

A significant chi-square result at the level of a P value of �0.05 was
followed by a post hoc Tukey-type multiple-comparison test for propor-
tions of the serogroup prevalence values across species (41). This involved
ranking the prevalence values for each species. An angular transformation
was applied to each proportion, and the calculated q values of the pairwise
comparisons were tested against a critical value of the q (studentized
range) distribution.

Subsequent analyses further examined the prevalence of the specific
virus antibodies (JCV and SSHV) in the host species. Contingency table
analysis of seropositivity data used a chi-square test followed by a post hoc
Tukey-type multiple-comparison test where appropriate (41).

These data were used to examine the nature of geographic variation in
the seroprevalence of these viruses and to provide an indication of the

extent of virus circulation in a particular region or site. To analyze viral
activity between different ecological regions and landscapes within the
island, or among different habitats, a G test using the log likelihood ratio
was used. The G statistic calculated in this test approximates the distribu-
tion of the chi-square and was tested against a table of critical values of the
chi-square distribution. This analytical approach was used to test differ-
ences in the seroprevalence of JCV in host cattle which had been raised
“isolated” on the island of Newfoundland compared with those that had
been reared on or traveled to the mainland of North America.

To test seropositivity differences of host cattle in boreal freshwater
versus seacoast landscapes, only the subset of cattle at these farms which
had never been off the island of Newfoundland were selected. This elim-
inated any potential influence of viral exposure acquired off-island.

RESULTS

Serological procedures such as PRNTs can be used to determine
exposure of animals to specific CSV. The proportion of blood sera
positive for antibodies was used as the measure of prevalence (6).
Neutralization assays such as PRNTs primarily detect IgG anti-
body, which can be present in previously infected animals for
several years. However, the actual time frame of exposure based
on the presence of neutralizing antibody can be determined only
where seroconversion is documented in paired samples.

Seroprevalence in the 5 species tested for prior exposure to
CSV (either JCV or SSHV or both) ranged from 0.040 in mink to
0.755 in horses (Fig. 2). The contingency table analysis based on
actual counts of positive and negative samples for each species
identified a significant difference (�2 � 192, P � 0.001) in the
seroprevalence of CSV among the species tested. The subsequent
Tukey-type multiple comparisons of the ranked seropositives re-
vealed that the proportion of mink seropositives was significantly
lower (P � 0.001) than that of all other species. The proportion of
bovines seropositive (0.533) for total CSV antibodies was not sig-
nificantly different (P � 0.05) from that of snowshoe hares
(0.550). Levels of seropositivity for total CSV antibodies in sheep
(0.723) did not differ significantly from those in horses (0.755).
However, CSV seropositivity did differ significantly between both
of these pairs of species (P � 0.001).

To examine the association of the seroprevalences of specific
CSV, JCV and SSHV, the differences in the proportion of each
species containing antibodies to these specific viruses were ana-
lyzed. This test was applied to data collected in 2008 following
serial dilutions and endpoint titrations to differentiate between
exposures to JCV and SSHV.

FIG 2 Seroprevalence for prior exposure to CSV (both JCV and SSHV) indi-
cates the proportion of blood sera positive for antibodies to CSV. Different
letters indicate significant differences (P � 0.001) in proportion seropositive
using a Tukey-type multiple comparison for proportions (41).
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Seroprevalence to JCV ranged from 0.00 in hares to 0.643 in
horses (Fig. 3). The contingency table analyses identified a signif-
icant difference in seropositivity among 4 species sampled in 2008
(chi-square � 120, P � 0.001). The post hoc Tukey-type multiple
comparison indicated no significant differences between the JCV
values of snowshoe hares (0.00) and mink (0.10) (P � 0.05). JCV
seropositivity did differ between bovines (0.470) and horses
(0.643) (P � 0.01). However, seropositivity for JCV in Fig. 3 dis-
plays the highly significant difference between both of these pairs
of species (P � 0.001).

SSHV seroprevalence displayed a different pattern of infectiv-
ity in the 4 species sampled in 2008. Values ranged from 0.008 in
bovines to 0.55 in snowshoe hares (Fig. 4). Contingency table
analyses indicated that SSHV seropositivity was significantly dif-
ferent across these species (chi-square � 120, P � 0.001). The post
hoc multiple comparison indicated that SSHV seropositivity in
snowshoe hares (0.55) was significantly higher (P � 0.001) than
that in all other species. SSHV seropositivity was significantly
lower (P � 0.001) in cows (0.008) than in horses (0.102) and hares
but not significantly different from the antibody prevalence in
mink (0.03). SSHV seropositivity values for mink and horses were
not significantly different.

These initial analyses indicate that JCV antibodies are primar-
ily associated with bovines, horses, and sheep while SSHV anti-
bodies are primarily found in snowshoe hares. Subsets of appro-
priate data in these species were selected to examine geographic
variation in the seroprevalences of these viruses (Table 1). With
the results of these binomial comparative trials, the log likelihood
ratio (G statistic) was used to test among areas for differences in
the proportions of samples with and without antibodies to JCV or
SSHV.

Regional differences between two large and ecologically dis-
tinct landscapes were examined by comparing JCV seropositivity
in horses in regions over 300 km apart. Analyses indicate no sig-
nificant difference (G � 0.155, P � 0.05) in the prevalences of
exposure to JCV of horses in these east (Avalon Peninsula �
0.557) and west (Humber River Basin � 0.611) regions of New-
foundland.

Snowshoe hares sampled in three distinct watersheds within
the Humber River catchment provided data to examine geo-
graphic variation in prevalence of viral antibodies on a more re-
stricted geographic scale. The SSHV seropositivity values for
snowshoe hares live-trapped in these watersheds differed signifi-
cantly (G � 10.353, P � 0.01). Twenty snowshoe hare samples

were available among three habitats for this analysis. This smaller
size is a reflection of the increased degree of difficulty associated
with sampling live wildlife compared to commercial domestic an-
imals.

The third examination of geographic variation in seropreva-
lence compared values in bovines on farms in two distinct ecolog-
ical landscapes. Four farms within the boreal freshwater Humber
River Basin and three farms outside this catchment along a sea-
coast are separated by 50 to 150 km. Blood sera were analyzed for
JCV seropositivity in 110 cattle which had lived exclusively on the
island of Newfoundland. This analysis identified a highly signifi-
cant difference (G � 26.216, P � 0.001) of the seroprevalences to
JCV in bovines inhabiting the boreal freshwater landscape (0.561)
versus bovines living along the seacoast (0.113) (Table 1).

Data to explore the role of lifelong isolation of animals to an
island in seropositivity for JCV was examined in bovine serum
samples from dairy farms (Table 2). Cattle which had never been
off-island (n � 110) displayed a seroprevalence of JCV of 0.345
versus 0.531 for those which had been born or raised off the island
(n � 143). This indicated a significantly higher (G � 8.789, P �
0.01) exposure to JCV for off-island-born or -reared cattle.

However, the seroprevalence in Humber River Basin horses
which traveled off-island (0.833, n � 13), usually to shows or
competitions, was not significantly higher than that in horses
(0.786, n � 13) which had never been off the island (G � 0.095,
P � 0.05).

DISCUSSION

The results show significant rates of CSV seroprevalence among a
number of species of animals examined on the island of New-
foundland. The findings are consistent with previous studies in-
dicating CSV circulation in this eastern province (29). Snowshoe
hares, horses, sheep, and bovines exhibited high rates of CSV se-
ropositivity. CSV antibodies were also detected in a small number
of sera collected from mink. The detected levels of seroprevalence
for both JCV and SSHV indicate ongoing circulation of these po-
tential pathogens on the island of Newfoundland and therefore
represent a risk for disease in horses, humans, and other animals
(17, 20, 24, 35). During the mosquito season in Newfoundland,
CSV should be considered part of the differential diagnosis for
presentations of clinical illness in both humans and livestock.

Our subsequent examination of the specific CSV involved, JCV
or SSHV, also provided a greater level of insight regarding the
roles of these viruses among the different host species. SSHV an-

FIG 3 Seroprevalence for prior exposure to JCV indicates the proportion of
blood sera positive for antibodies to JCV. Different letters indicate significant
differences (P � 0.001).

FIG 4 Seroprevalence for prior exposure to SSHV indicates the proportion of
blood sera positive for antibodies to SSHV. Different letters indicate significant
differences (P � 0.001).
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tibodies were detected primarily in hares. This is consistent with
past studies indicating snowshoe hares as the principal vertebrate
or amplifying hosts of SSHV, while other small rodents, moose,
and horses may serve as secondary vertebrate hosts or sentinels (5,
17). JCV antibodies were more significantly associated with larger
domestic animals such as sheep, cattle, and horses than with the
smaller mink and hares. Similar results have been observed in
other geographic regions where JCV circulates (16).

The differences in CSV seroprevalence among species could
relate to a variety of factors. These include species-specific differ-
ences in susceptibility and immunological response to infection or
variation in the duration of neutralizing antibody generated
against the specific virus to which the animal is exposed. Another
variable contributing to differences in seroprevalence is the mean
age of the species being sampled, as longer-lived animals are at risk
for exposure for a longer period. The possibility that individuals
may have been exposed to both JCV and SSHV at particular times
may result in decreased viremia for one agent and an associated
impact on observed antibody titers. Dual-infection experiments
with other bunyaviruses have provided results indicating that “su-
perinfection” effects should be a consideration when interpreting
serological results (9).

Where these differences in seroprevalence to both CSV (JCV
and SSHV) were significant (P � 0.05), host feeding preferences of
local mosquito vectors may also have contributed to the differ-
ences observed. Mosquito feeding preferences can vary between
small mammals such as snowshoe hares and larger livestock such
as sheep, horses, and cattle. Although many species of Culiseta,
Ochlerotatus, and Aedes mosquitoes carry both SSHV and JCV (2,
5), it is possible that subsets of mosquito species that predomi-
nately transmit JCV have preferential feeding behaviors that in-
volve larger animals such as deer, moose, and cattle (30, 31). Vec-
tors transmitting SSHV may acquire blood meals more often from
smaller mammals such as squirrels and hares (17). Both factors

potentially contribute to the observations and results generated in
this study. However, the extensive mosquito collections and virus
isolations relating to site-specific vector potential were not a part
of this initial experiment.

Although large livestock species such as cattle and horses may
not develop sufficient levels of viremia to allow for the infection of
mosquitoes upon acquiring a blood meal, limited replication of
JCV does lead to a detectable immune response. Consequently,
they may not be primary amplifying hosts but instead do serve as
good sentinel species for the occurrence of JCV (17). It is likely
that large livestock bitten by mosquitoes carrying SSHV may not
exhibit significant viremia or are less likely to generate adaptive
immune responses, and hence SSHV seropositivity rates remain
quite low. Previous studies showing various degrees of viremia
and antibody response related to the specific CSV and the type of
infected animal are consistent with these conclusions (1, 16, 38).
We believe that future studies will determine the abundant moose
or caribou as the amplification hosts, or primary vertebrate spe-
cies, of JCV on Newfoundland.

Mink displayed significantly low seroprevalences of both JCV
and SSHV. This indicates a low probability of their susceptibility
to these viruses. Despite the high number of individual mink in
commercial barns and the accessibility of these well-ventilated
facilities to mosquitoes, antibodies to JCV and SSHV were re-
corded in only 2.7 to 3.5% of the mink sampled. The absence of
mink data from the 1980s testing in Newfoundland precludes un-
derstanding whether these levels are historically consistent or are
responses to changing environmental conditions.

Geographic separation and isolation associated with living on a
large island are important elements which may contribute to dif-
ferent CSV seroprevalence levels seen in various animals at differ-
ent locations. Examining seroprevalences in contrasting New-
foundland landscapes (13, 14, 40) in 3 host species revealed
insights on this influence of geographic variation. At the regional
scale, the Humber River Basin (HRB) is a large catchment of bo-
real forest centered on a large freshwater river system. The Avalon
Peninsula, over 300 km away, is dominated by a maritime barrens
landscape. While seroprevalences of both JCV and SSHV in horses
were higher in the boreal catchment, the differences in seropreva-
lence between these ecoregions were not significant (P � 0.05).
This result is not surprising given that horses in Newfoundland are
primarily recreational animals which are relocated over signifi-
cant distances in the course of competitions and sales.

Snowshoe hares were sampled in 3 distinct habitats spatially
separated by only 14 to 35 km. These habitats differed in tree
species composition and physical characteristic. The black spruce-

TABLE 1 Effects of various scales of geographic separation on seroprevalence of CSV tested in three different host species in Newfoundland

Scale of geographic
separation (km) Host species Virus Locationa

Virus seroprevalence
by location G statistic P value

Region (�300) Horse JCV Avalon peninsula 0.557 0.792 �0.05
Humber River basin 0.661

Watershed (14–35) Hare SSHV CBL 0.0 10.252 �0.05
PB 0.778
HB 0.667

Landscape (50–150) Cattleb JCV Boreal forest 0.561 26.216 �0.001
Marine seacoast 0.113

a CBL, Corner Brook Lake; PB, Pynn’s Brook; HB, Hughes Brook.
b Cattle with lifelong geographic isolation on Newfoundland.

TABLE 2 Seroprevalence of Jamestown Canyon virus in host animals
geographically isolated on the island of Newfoundland compared with
those which had traveled off-islanda

Host

Seroprevalence by
movements

G statistic P valueIsolated Off-island

Cattle 0.345 0.531 8.789 �0.01
Horse 0.786 0.833 0.095 �0.05
a For cattle, 110 isolated cattle and 143 which had traveled off-island were tested; for
horses, 13 of each type were tested.
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kalmia species habitat of the Corner Brook Lake watershed repre-
sents an open-canopy softwood forest habitat. The live trapping of
hares at Pynn’s Brook was done in a closed-canopy stand of mixed
hardwood comprised primarily of speckled alder and white birch
situated near agriculture fields. At Hughes Brook, the black spruce-
balsam fir creates a closed-canopy softwood forest. All habitats con-
tained ample sources of water but were associated with distinct non-
connected river drainages. Despite the smaller sample sizes involved,
significant differences in seroprevalence (P � 0.05) of antibodies to
SSHV were obtained at this spatial scale.

The most significant comparison in geographically based vari-
ation of CSV was realized at the landscape scale among that subset
of cattle experiencing lifelong residence on the island of New-
foundland. The significantly lower (P � 0.05) seroprevalence of
JCV among cattle on farms situated on a wind-exposed seacoast
compared with that for cattle on farms located in a wind-pro-
tected boreal freshwater landscape clearly indicates the potential
of environmental factors to influence the incidence of JCV.

The role of isolation in the relationship between pathogen and
host, or viral agent and host, is one that fits well in an ecological
context. Observation of the role of lifelong isolation of animals to
an island in the seropositivity for JCV was possible because many
dairy animals on Newfoundland are raised as calves off-island and
are imported to the island as pregnant cows. Normal routes of
ecological connectivity are minimal to absent across 150 km of
ocean. Island-isolated bovines are generally further geographically
restricted to one commercial facility for their entire lives. The
most likely reason for the significantly higher exposure to JCV for
off-island-born or -reared cattle is associated with increased mos-
quito diversity and density encountered off-island. This is consis-
tent with the hypothesis (23) that the probability of infectious and
susceptible hosts coming into contact should be greater in sub-
populations having more dispersal.

Ecology has a profound influence on the level of exposure of
host animals to California serogroup viruses. Geographic varia-
tion at the scale of large landscape structure and small habitat
differences and the role of isolation on a large island both demon-
strate a role in determining host seroprevalence of JCV and SSHV
in Newfoundland.
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